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PREFACE TO THE FIRST EDITION.

MosrT practical chemists and manufacturers have long felt the want
of uniformity in analytical methods, tables of specific gravities, ete.,
employed by buyers and sellers for the valuation of chemicals, and by
manufacturers for controlling and superintending their various pro-
cesses. Want of uniformity in this respect is constantly leading to
disagreements, and prevents exact comparison of results,

In order to terminate the confusion, Mr. Stroof, manager of the
Griesheim Alkali Works, sugeested to the German Society of Alkali
Makers that they should have a standard manual published. This
suggestion was adopted, a committee of seven, of owners and managers
of high reputation, was appointed, and the first of the undersigned
was induced to collect and sift the material for such a manual.

The first condition imposed upon him was to state only one method
for each analytical operation for the preparation of standard solutions
and for sampling the materials. Only one method was to be chosen,
in order that no discrepancies might arise, which would certainly
happen if two or more methods had been introduced.

In selecting the one standard method, the first and most important
consideration was, that the method should permit a certain indispens-
able degree of accuracy. No pains were spared to arrive at a satis-
factory result in this respect. Where there was a choice between
several equally accurate methods, the one occupying least time and
requiring least apparatus, or one already widely known and employed,
was preferred.

The author prepared a draft, which, together with various sugges-
tions from others, was fully discussed at the several meetings of
the committee. These meetings were held at intervals of six and
twelve months respectively, in order to give the author and his
assistants time to carry out exyerimental rezearches, to clear up any
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doubtful points. Most of these experiments have been described in a
report published partially in the Journal of the Society of Chemical
Industry, 1882, pp. 12, 55, and 91, Public criticism was then invited, .
and several important contributions were thus obtained. TUltimately,
after the complete manusecript had been circulated among the members
of the committee, it was agreed to on all points.

The methods described in this little work are thus acknowledeed
by the united voice of the German Alkali and Ammonia manufac-
turers as the most suitable, and are not the arbitrary choice of the
author. Many of the processes, the description of which frejuently
only occupies a few lines, are the result of many a month of arduous
labour, and of subsequent anxious discussion by all concerned.

The want of standard tables of specific gravities of various solutions,
was felt quite as much as the want of standard analytical methods.
For some substances such tables had never been constructed, and for
very few substances indeed were the data provided to reduce the
specific gravity of the solution to a normal temperature. The author
and his colleagues have striven to remedy this defect by a careful
examination of the existing tables, and by supplying new ones where
required.

In addition a number of general tables, useful to alkali manufac-
turers, have been provided. Every care has been taken to ensure the
accuracy of these tables, many of them, particularly thoze referring
to atomiec weights, percentage composition, and analytical factors,
having been entirely recalculated.

The German edition, the small compass of which but little betrays
the labour expended upon it, was issued with the expectation that it
would be accepted as a standard work by all German Alkali manufac-
turers, by their customers, and by commercial analysts. This expeec-
tation has already been realized in a great measure. It has already
become customary to make these analytical methods and specific
gravity tables binding in all transactions between buyers and sellers,
until the progress of science necessitates the substitution of more
accurate methods and tables in future editions.

From many sides the desire has been expressed that this little work
should be made accessible to the English public. For this purpose the
co-operation of the second of the undersigned was obtained. To him
is due the extensive labour of recalculating all the tables for English
weights and measures. In making these calculations every one of
the tables was, as far as possible, reconstructed from the original data
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by graphic interpolation. Errors of computation were avoided as
much as possible by the use of Thomas' Arithmometer and Fuller's
Calculator; and the hope is expressed that the tables, based on the
English we'ghts and measures, will be found equally reliable as those
based on the metric system. The chapters on Deacon’s process and
on chimney-testing are also due to him, and in general he has adapted
the work to suit the wants of English manufacturers. But in no
essential particular does this edition deviate from the German, a few
additions excepted,

PREFACE TO THE SECOND EDITION.

IN this edition numerous small errors of the first edition, almost
unavoidable in such a case, have been corrected, and many minor
improvements have been made. Moreover, for reasons explained by
one of us in the Journal of the Society of Chemical Industry (1890, p.
1013), a considerable number of new methods for analysis have been
introduced.

The new tables for specific gravities of sulphurie, hydrochlorie, and
nitric acid, and of liqguor ammonise, constructed with extreme care by
one of us, with his assistants, have b2en substituted for the tables of
Kolb and Carius contained in the first edition.

All suggestions for alterations which have reached us since the
publication of the first edition have been carefully considered, and
have been adopted wherever it was possible and consistent with our
endeavour to maintain unchanged the general scope and character of
the boolk.

As the size of the page has been somewhat increased, the designa-
tion * handbook " has been substituted for “ pocketbook” in the title.

G. LUNGE.

I, HURTER.
Zurica AND WIDNES,

Auwgust, 1891,



NOTE.

ALL femperatures are indicated in degrees centigrade, unless the
contrary is expressed. |

The atomic weights are stated in table No. 1 in round numbers, and
these are made use of in all caleulations contained in this book. This
has been done because the so-called correct atomic weights are not
accepted equally by all chemists, and are subject to alteration by new
researches, whilst there is practically no disagreement concerning the
rounded-off atomic weights of the more important elements, and these
are, at any rate, sufficiently near the truth for all technical purposes.
An exception has been made for platinum, for which the figure adopted
by all German potash manufacturers and analytical chemists has
been retained.

‘We have, however, also added a table giving the values of atomic
weights assumed by Ostwald to be the nearest approximations to the
truth,
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TABLE L.—ATOMIC WEIGHTS, EQUIVALENT WEIGHTS (IN
ROUND NUMBERS), AND VALENCY OF ELEMENTS.

Symbol and
Valeney.

Al v nnaresinnaineanmnae ane Alw a75 1375
AT ELITVOTIN . otk e wicki 5w i s Fhied 122 - 122
e T, gt e O e RS Asll ¥ 75 75
P 1 e S e e Iall 137 635
Beryllinm ......cocoercvamisnesnaneeni Be'! 94 4-7
B i da A o L Bt ¥ 208 208
Ty w11 B o L SRR e Bol!t 11 11
Bromine. s e s an s Bl v 80 80
[T Lo e et S e N Cau 112 56
[ (T b Tt e A N e B S Cs! 133 133
T FTLRT 1 T P AL RO, e Call 40 20
G ion: Sl s s ot o s | Bl St 12 6
o ) o e e S R Ce" 137 G35
(B0 Ty P S e A O] v 355 355
T RPOTRATIIIY: - cosisnisisoinsiusinn iy Crll IV'VI 525 26-23
(T v T G e M Colt V1 a9 295
CODDET ot s s Te o s Cn!! G35 3175
B [T b8 o AR s s e Divv 144 73
WP DAT e o o i Epit 1706 853
8 Fr s o1 - i i S g e Ft 19 19
Bt R s S O o A el Aqnltd 197 197
TP ODOIE - s v dxs sn s e mm i msmms it Hi! 1 !
T3 ) e s e B e Intt 113 86D
TodIE o s Jrvu 127 127
D RN TRY e o e e Tt e m iR Iri¥ V& 193 965
| (g e e A e s T S Fell 1v V1 56 25
LD E RTINS b v 7 s e A Lal¥ 139 695
| I ; s Rtis S o R PpHt ¥ 207 103°5
T A1 R et A R Lit 7 7
Magnesiom .....c.ocoeeceniieinnanens Mg! 24 12
MADFANNIIL iy v e snnsneaveshsvanen Mn!t VI 55 275
A o ey R S s Lt Hg't 200 100
Molybdenom o i Mo¥! 096 43
Whicleal <ot i Nitt 59 205
B [T i s R e e Nb¥ 04 47
[y A R R SR T TR 14 14
ORI TR s et R e o gt 199 995
OXREBIL Gaewienisins ias i as sasans ou 16 8
1 T e e e AL TR 106 53
PhoaphoEms oo a0 wissseinnssaninst Py 31 31
sl [ ire a1 (e S RN e - Pt v VI 197-18¢ |~ 95859
PotaBBitN ... wus e exvus o amasnsrssanssns K! hiH 39
BRI e e v vais vk cv sl BLIt ¥ V2 104 53
STV 31T e T s e S RS RI! 85 85
RabhonaII e vas i nmsny ifes T B ¥ 104 53
T T el s Rt S g Sell IV VI 79 395
2 T b el P2 St 23 14
I e S T Ag! 108 108
Hodbimy o e e e e i Nat 23 23
BhronBot . s s e aie bean i Sl 875 4375
Bl i v o ke s s a0 e T 32 16

* These atomic weights are used throughout this book. :
+ Adopted by Potash Convention for calculating Analyses of Potassium salts.

Atomic Weight* |  F{piraent
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TABLE I.—ATOMIC WEIGHTS, Erc, (continued).

EEntaliom. ... it ek

Telluriom

T Ly R i o o
oTiia b AL R PR
b O e s el T T
BRI .ot ik

Uraniam .....
Vanadiom

Wﬂ'fl‘ﬂmium-uu--.- EEFAEssEsaET REN 0

B T . e r e m e e L
BRI e e e

Zirconium

Brmbol and P * fquivalen
Valency. Atomic Weight, E'.!\Eﬂi ;ni. g
TaV 182 182
Tell Iv VI 125 625
Tt 1 204 204
Th¥ 2315 231°5
Snlv 118 59
Ti¥ 48 24
U™t 240 240
v 51 25'5
LLAL 184 a2
ym 83 44
Zinlt 65 325
LY 90 450

* These atomic weights are used throughout this book.

TABLE I(a)—ACCURATE ATOMIC WEIGHTS (OstwaLp).

Elements. O=16 H=1 Elements. 0=16 H=1
Alominiam .......ceeee | 2771 2701 Molybdenum ......... 959 95'6
Antimony....c.oce e | 180°8 11992 Nickal ......: e | 5970 55-82
A Eani0 ..o oo ensananiine | 40°0 7478 Niobinm ... ccaccsivian | 9778 96°9
BAriom ......coovnnenenes | 187 0 136°6 Nitrogen.......cuuessss 14041 | 1400
Berylliom............... 910 907 || Osminm ......c...co... | 192°0 191-40
Bismuth ......cooneeiea | 208°0 2073 Bxygen ... | =280 1595
g SR e B W 1 1] 10097 Palladiom ............ | 1060 1057
Bromine .......cooeeee. | 79963 | 7971 Phosphorus............ | 3103 3093
Eadmiom ...... oo | 1131 11175 Platinom............... | 1948 194°2
Caesiom ............... | 1829 132 50 Potagsiom ............ | 89714 3902
BRlcinm  ooicoiicivnnne | 4070 3987 Rhodiom..........co... | 108°0 102-7
Earbon ........ccovimveee | 12700 11°9G Rubidiom ............ | 854 8514
Lerinm .....c...coveeene | 140°3 13975 Rutheniom ............ 103-8 103-48
Chlorine .......coc00e. | S0°4D 23534 Samariom ............ | 1500 149°5
Ghmmium e b O 5213 Secandiom ............ | 4471 43:96
Cobalt . 590 5381 Selenium............... 791 7885
Uupper ggg 6310 Ei;icium ............... 2340 2331

143 143°14 IIPeY .ccuicicininnnnes | 107988 | 107:60
Didymiun { Nd 1408 [14037 || Sodium ..o | 2306 | 22:09
Erbium.. vers | 1660 1655 Strontium ............ | 875 872
Fluorine ............... | 19:00 1894 || Bulphur ............... | 8206 3196
Gallium ﬁ!.'i 9 G9 G8 Tantaliom ............ | 1290 12560
Germaniomn .......... 2-3 7208 Tellarium .. 1250 12460
e P R 19? 2 19660 Thalliom ............ | 204°1 2035
Hydrogen............... 1:0032 100 Thoriam .......cce0eeee | 2334 a8y
i PR 1137 113-33 Thulium .......coeeseee | 17170 1704
Iodine ......... 126:86 | 126488 || Tin .......cocivnineinne | 1181 11773
Tridiom ..........ccoer... | 1983 1926 Titaniom...cooansises | 4871 47-95
T A A e 1| 5583 Uraniom .........eee... | 239°4 23865
Lanthanum P B |- 13580 Vanadiom ............ 513 al'04
Lead .. s erieenee | 20891 | 208°3 Wolframiom ......... | 1840 183°40
Lithinn.} R e 703 701 Ytterbiom ..........., | 1782 17265
Magnesium ...... 24'38 2480 || Yitrium ....coovvvieees | 887 884
Manganium ............ | 550 54'83 Zdine L | W 653
Mercary ............... | 20004 1998 || Zirconium ............ | 907 9042
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TABLE 2.—SYMBOLS, MOLECULAR AND EQUIVALENT
COMPOUNDS, IMPORTANT

No. COMPOUNDS. Molecular Formula.* ,,ﬂf;fg
1 | Alominiom oxide ..ccasassissiensies | A0y cvenniisieniivensanss 103
2 hydeabe ;o .. AIE{HGJG 157
3 chlopide «.iciiciivacaonmsiss ALCl,. 268
4 sulphate .. ALJ{SD } ............... 043
5 sulphate, cryst ......... Alﬂ(ED,}3+18aq ...... 667
| [ Ve v it s N SRR RERE AR R T o 1 12 [ SRCEIIRE, |1 L
7 7 oy IR AE L S e T Al{"i’H.;){SD;h-]—lﬂaq 4555
8 | Ammonium carbonate...........c.eeee. { H (NH,) GO3+[NH*}} 157
9 P -l et 2 2 O 535

10 magnesium arsenate ... Mg(NHﬂAsO;—]—-;:Lq . | 190

11 magnesium phosphate,}) Mg(NH,)PO,+6aq ... | 245

12 THETAEE | s A e e wsisn s i, [ & SR s0

13 phosphats .. ....ccmacarse.. (NH,),HPO, 132

14 sodium phosphate......... (NH,)NaHPO,+4aq . | 209

15 platinum chloride......... | (NH),PtClg ....cuuvue. | 446:18

16 Sulphate cooceeamnsncanns | (NHIBO0; cvsenareances 132

17 ANIphOCYENELE «ureversrsss-| WHLGNE 1ovivsrsnsesess | T8

18 | Arserie OEIAB «iwssrnmsnraminsisarssnarene | B505 230

19 | Arsenious oxide ...... ARy oaavisrsnravsansnnss 198

20 hlsulplude As Sy 246

21 | Barium monoxide .....ccccieennineeneene. | BaO... 153

22 hwdrate .eusesessssssisizsssssions BE{HD} ................. 171

23 hydrate, cryst. «icinssenaicis Ba(HO),+ Sﬂq ......... 315

24 CaThonate ..cocenresssescisnnses | BACOg. 197

25 chloride ...ccecsasessaninsmnsnnosns BaClq+ Enq ............ 244

26 BUlphate ..uoessissusarvamennanias BaS0y. cusssrnsenssassanivs 233

o Ealeinm MonoEIRS ookt armines | EBOE o i 56

23 hydrate . ...ccueverasinsanmsnens CafHE " Svninema 110G

29 carbonate ....cecoimseenns B S R e R L

30 OBl oE e e et | RN 111

51 chloride, cryst. ......ccevueess CaCl,+Baq .oueienaess | 219

32 T P - o R S R S Ca(ClOg)g ssensssnsannesa | 207

33 hypochlorite. ..ccisesseesasnanss Ca( O D gesasnisnsssninince | 155

34 phosphate, monobasie......... | CaH,(POy)y «ivirnnen, 234

85 phosphate, dibasic ............ CaH POy teressisnnsssss 136

36 phr:usplmte, tribasie... Cay(PO, ), 310

87 sulphate, anh_vdmus o 811 e i ICRNE RN

* Modern notation and atomie weighta,



B

WEIGHTS, AND PERCENTAGE COMPOSITION OF CHEMICAL
TO THE ALKALI INDUSTRY.

No. Equivalent Formula. EE?;LL’:' Percentage Composition.
8 B A 6 e ol'5 | Al 5340, O 46:60
T e I R s 154 Al 20-52, Cl 7948
4 A]gD '380 ............... 1715 AIED 30 03 SO 69-97
5 Algﬂﬁb03+13]:[0 rew 333'5 Algﬂa 10 M SDE 3& 98 HE'D {b DB
ST (e AR 17 N 82:35, H 17-67
0;+24HO 2 [49-61
g | SNH,1CO, +2H0 ...... 157 NH, 82:49, CO, 56:05, H,O 11-46
9 | NH,Cl1 535 | NH, 31 .‘T H Cl 65823
10 EMgDNH 4{) ESGH-B E 190 MgO 21- Ea, As,0O, 60053, NH, 895, H,O
947
11 | 2MgONH,0PO, -’l-'-I 02} 245 MgO 16:30, NH, 693, P,0, 29-09, 417-’126(8}
12 | NH,ONO:; .. | NH, 21'25, N,0Q; 67-50, H,O 11-2
13 ENH,,,DHOPD 132 NH3 2o ﬁﬁ P205 Ha: 93 HgC' 20- S'fl'
14 "TH;GW&OHDPEI?I O} 200 NH, 813, Na!{} 14-83, PO, 33-97, ];I.a{g
43
15 | NH,CIPtCL, ........ e | 223-00 | NH, 7-62, Pt 44-19, Cl 47-74, H, 45
16 |CNELOBO, .. osssisiinss s 66 NH, 25 ?b S50, 60 Gl H,O 13 G3
17 NH,-,GET\br. .............. T "\TH; 22 37 H 131, GN 34 21, 542-11
BRI EREER ..., i s 115 As 6522, O 34-78
BB REEE ....osmenvasia (4 10 As 7576, O 21:24
L T 123 As 60-98, S 3902
N ETRREE. s v ol e 76:5 | Ba 8954, O 10-46
22 | BaDHO ............ s 855 | BaO 8947, H,0 10-53
20 | BaDIHO .......connmees 157-5 | BaO 48-60, H,O 51-40
24 | BaOCO, . 985 | BaO 77-60, CO, 2240
22 Ba{}l+‘.-EIID i | 1 2R Ba Cl, 8524, H,O 14-76
2t | BalB0); .....ccomnesnsmnne 1165 | BaO 6567, SO, 3433
27 | CaO... 28 Ca 71-43, O 2857
o N ) S € 37 Ca0 7567, H,O 24-33
29 | Ca0OCO, 50 | CaO 56:00, CO, 4400
CUR RS ) R T 4 555 | Ca 86:05, Dl 63-95
8l | CaCl4-6HO .....c...... | 1095 | CaCl, 5[1 69, H,0 49-31
B | GO0, ... .couvon i 1035 | CaO 27-05, CIED,, 72:95
cE R AT E ) [ IR 71:0 | CaO 39-16, Cl 4965, O 11-19
84 | CaO2HOPO,............ 117 CaO 23-98, P,0, 60-68, H,O 15-38
85 | 2CaOHOPO;............ 156 CaO 41- 18 P;D,, b2 E'D HED 662
B BaCPO: e 155 Ca0 54 1‘} P,0; 45 81
B OROB0, i 63 CaO 41- 18 SOE 58 82

1t Old notation and atomic weights,



SYMBOLS, MOLECULAR AND EQUIVALENT WEIGHTS, AND PER-

6

No. COMPOUNDS. Molecular formula, &?éﬁ‘_
88 | Calcium sulphate, eryst. 1’ sum CASD 200w arnnenn| LAE
39 sn][l:hlt-e 5 v EJ’P J CaSD; ...... q .............. 120
40 thiosulphate .. el MRS Lo s e v | bR
41 0 Gl T R SRS A S e 1217 Lot Sy e 72
42 o0 1T} (31T [ A 1 . - SIS S L)1
43 | Carbonic acid, dioxide ........c.coveenes CQ, . 44
44 oxide.. R 1 1 28
45 | Carburetted hyclmgen ‘methane...... CH,. 16
46 ethylene...... LS (R e R e 23
47 | Copper chlorifde ..esesesssnssmssinanssssi BV ) e e e 1 1845
48 oy [ [t (RS B0 B s T SRR | B RS S e o e 795
49 sulphlde el OB 955
80 | Copper fcupmus} sullz-lnde Ao SR ol W R S 159
ol sulphate .. % it Fol 97 (A S S 2495
52 | Hydrochloric acid . I s G e s e 36D
53 | Hypochlorous anh}'drlde R R 87
o4 re R B 232 T S AR RS 525
55 | Irop, oxide, ferTic...coccvinivsasnnnnansanas Welle s i s s in was itarsimein 1G0
56 FerTicy By Tabe: o iasins ar sinans sinse el BV H g i iniasiuns 214
57 ferrous chloride ........ccevveeevnee. | FeCly .. 127
58 Ly RS FeCldaq 199
o ferm o ohlortdet s i e i Fe,Cl; 325
G0 | Irom, ferrous sulphide.......cccociaunnnees 0 R T e e 83
61 bisulphide (pyrites) .c.covvvvvnnens | FOBy  cviiniiininininn 120
62 protosulphafe @al R Gl FeS0,7aq 278
65 | L2ad monoxide (litharge).....cccceuunns 17 0) 3 (R e S B 223
G4 COX DO s v sabam i ' 1 = 1 SRR RN 267
65 ehlamiae i ., s v waibisnn v PhCl, 278
66 AL a1 R A e R R I 1 3 a03
67 ] T S e S P [ e 259
65 3 ey = 1 | S e B FER El AR i 2 ) A o S 29
60 | Magnesium oXide..c.caemaioausienens M=O .. 40
70 hiydrEta . dspmsstssonmane | NECEE, 5s
71 ellorida: Sl s it k. MgCl, .. 95
72 1 A MgCl.\-}‘B*q 203
73 carbonate R 81
74 EADDABE, o whahmnsnn o sinns Mrf"{),,+ mrl 246
70 pyrophosphate . I e Pl o e osenh s mwn 299
76 | Manganous oxide... 1 O R [ 11 ) TS SRR e 3 P
T M-'mf-'mmus mmnganm oxide ..uvvere 11 b P e el

s il i, et 4 s

o il o i iy L ia 8,

T
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CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS—Continued.

No.| Equivalent Formula. *‘;‘};,1;;,;‘{“ Percentage Composition,
88 | Ca0S0;+2HO......... 86 Ca0 32:56, 804 46:51, H,0 20-C3
T R aT e R e 110 CaO eluﬁ? :::D.;.5333

1 ['CalB0s vt | TG Ca0 3681 S0, 4211, S 21:05
TG L5 - TR I S [ Ca 5556, S 44-44

40 1| FaB woioenisressuisnmnsenn: || L0 Ca 20-00, S 80-00

43 | CO,q 22 C 2727, 0 7273

44 | CO ... 14 C 42:85, O 5715

TR [ - e 16 C ?5-{}(} H 25-00

WGP, avdeveiitedneg 28 C 85-7.‘3, H 14-28

47 | CuCl 67-25 | Cu 47-21, C1 52:79

TR W R e S 89:75 | Cu 79:87, O 20013

49 | BuB....cosmsmmssmimnsese | 4775 | Cu 66:49, 5 83:61

50 | CugS . 795 | Cu 7987, S 2013

51 CuDSDmHO ............ 124:75 | CuO 81:86, SO, 32-06, H,0 36-03
o (21 5 O 865 | C19726, H 274

53 | ClO... 435 | Cl 81-61, O 1839

54 | CIOHO 529 | Cl67r [1‘3 0O 80-48, H 1-90

55 | Fe,0, .. 80 Fe 70:0, O 30:0

56 FEE(}33H0 SRR e I Fe,0; 7477, H,0 25:23

i e R R 635 | Fe 44:09, C1 5591

88 | FeCIHHO .....cviicuines | 995 | Fell, 63 82, H,O 36:18

50 FEEG!;;“... Ssmsaesbanis | lO2 D || [Be: 3448, Cl 6554

60 | FeS.. 44 Fe 63:64, S 86:36

61| FeBy .oovsiiiriianriensas | 60 | Fe d667, 853:88

G2 I‘eOqudIO o S 2 ) Fe 20-14, O 576, SO, 2678, 11,0 4532
PR .o X 1115 | Pb 92:88, O 717

64 | PbOCO,........ccc..o.e | 1835 | PbO 8392, CO, 1648

LE [ 1 B R b 139 Pb 7446, Cl 25°54

T ]S S e 1515 | PbO 73:60, S0, 26-40

67 | PbS 1185 | Pb86:61, 8 1339

T [ 1195 | Pb 8661, O 13:39

BRI o i cod s 20 Mg 60:00, O 40-00

70 | MgOHO 29 MgO 6896, H,O 31-04

71 | MgCl . veessssanies | 475 | Mg 25°26, Cl 74-74

72 "-.IgCl+E}HD vennesennnns | 1016 | MeCl, 46:80, H,O 53:2

73 | MgOCO.... L I!IJWD 4762, CD 52:35

74 Mg0801 LTHO 123 Mer 16: EG S{jq 252, H.0 5122
75 | 2MgOr O; .. v | LA LIED 55*04 P,0; 63106

20 MNCY- . coin et o 25 | Mn 7747, 02253

77 | Mn O, 1145 | Mn 72:05, O 2795




8

SYMBOLS, MOLECULAR AND EQUIVALENT WEIGHTS, AND PER-

No. COMPOUNDS. Molecular formuls, | otair,
18 || Mangamio DRide okttt | ChEEEE ot 158
79 | Manganese dioXide «ueceassssseirsensensse | MOOs coenuannn 87
80 | Manganous chloride .........cccviennnns 115512 PR TP IR v -
&1 . sulphate .......... iy RGN i . | 1561
82 itrosulphonicacid,nitrososul phuric :
: acid, chamber crystals } S0,(OH)(ONO).......... | 127
85 | Nitrousoxide @ i i, Wi s a
S| Nikrie oxide o i ik vttt saiesss 112 1 Rl R O 1 1
85 | Nitrong anhydritde oo min. PN i, 76
&6 | Nitric pemxlde, tetroxide .. NO, I, 30y ... 46
87 | Nitric acid... B o s G3
88 | Phospheric enhydride: smideimamons | Pa occieaini sy 142
&9 neid, orthe’ ciaii s | HiPE, 98
90 acid PRFO St HPEh it 178
91 acid; Taeba -ies.ciunaiaias BB e 80
82 | Platinum ehloride i i wiswvasas || PEGL 339-18
08 | Potassiumm oXidB srsnassiissrisinasssssns R.0.. 094
o4 1B o0 R TR R KOH 56
095 bichromats ........cciceeeie. | KoOr0: 205
96 C&Thﬂn&tﬁ‘ B EETEEEERE R ST RN SRR ]{gco;; 138
a7 hlearbonats iRl || EEE e 100
93 chlorate.. KCIO, 122:5
99 chloride.. KC1 RN B
100 .fe1r1::-.}ran1d[= red p1 ussiate ]{GI‘eq{hf‘J,q FEEAR ¢
101 ft.rmc}ra.mde, yellow prus- | K Fe(NC)s8aq ......... 422
[siate
102 Lo, i e e R (B, 0 e e S 166
103 DITEAEE. L e || TN 101
104 permanganate .....coevees | MO0 corrnriiiianniones 158
105 phosphste .. ..o ivammenanss ILHPO,, ............... 174
106 platinum chloride ......... | K.PtCl, 45518
107 o LT o e R B8l o 154
108 ol vel RS e R TR B L i R e
109 bisulphatbe.. ..cuisesssasinrans ]{HSEh SRR
110 sulphide.......... I8 S S 110
111 =y o oS ST R R N, ]{nSDH..,ELq et il
112 IO RhbE o srin satestiinsim ssisn KHSO, 120
113 sulphocyanate ............... | K O e 07
B34 Potasb sl = i snises sesss v snisnsss ]Lail(SD,{_jﬂlizq e e
115 | Selenions snhydride it v | Bals iimanimsah s [SFEE
116 | Bilicic acid, anhydride .....ccoccenvannn S R R e G0
117 | Balver ChilorNden it s vt sinspsanaras’ | SEETEIL - itantstnsunssssnath 1435
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CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS—Continued,

No. Equivalent Formula. I‘fg:';i}i Percentage Composition,
'-I-S }‘[I1203+| BEOEHEEEEHEER EEEES RS Tg I’In 69‘62, 0 SD'%

101

102
103
104
105
106
107

109
110
111
112
113

114
115
116
117

h[ll(}g ErsEEEEsETEEREERA AR RS
MnCl
Ml'lDEDg

980, HONO; «.reessiee

||||||||||||||||||||||||

lllllllllllllllllllll

llllllllllllllllll

||||||||||||||||||

ILUHDUU‘
KOCLO,
KCl.. e
EI{C_}FPEQqu

2K CyFeCy SHO .

||||||

hOMnED« T
EI{DHDPD i
KCIPtCly .ovvernnen

TEOHO20; e
ES .

KOS0,2HO .
KOHO02S0,

KC,NS, .
T A1,0., ;3503}

{1{05@
+24HO
Sd{:’g ........................

------------

.....................

4745
55D
30-0

1435

Mn 63-22, O 3678
Mn 4365, Cl 56:35
MnO 47:02, SO, 52:98

S0, 6299, N,0, 29:92, H,0 7:09

N 63:64, O 36:36
N 4667, O 53:33
N 36:84, O 63-16
N 30-44, O 6956
N,0s 8571, H,0 14:29

P 43:66, O 56:34

P,0, 7245, H,0 27'55
P20, 7977, H,0 2023
PgD; SS?E-I: HEO 11‘25

Pt 5813, C1 41:7

K 8298, O 17-02

K,0 83-98, H,O 1607

K 0O 31- 6 {I}rlf:l3 6314

K, Ct 681 2 CO,31-88

KD@ITOD CO, 44-00, H,0 9-00

Ii 0383?’ Cl1 28-98, 0.33' Go

K 52:35, Cl 4765

K 35 G Fe 17-02, CN 4742

KX 87 03 Fe 13-25, CN 8693, H,0 12:79
K 2349, J 7651

1T,0 46 5-‘1 N,0, 5346

I{nDQ‘?Ta Mn,0, 70:25

K.O 54 02, P {] 413 81, H,O 517

Pt 40-39, C1 3 63 X 15 98 (KC1 80 52)
1,0 61-04, Si0, 3596

DL
K,0 5402, SO, 4598
K,0 3456, SO, 5383, H,0 662
K 7091, S 29:09
K,0 4845, SO, 33-00, H,0 1855
K,0 8917, SO, 53:33. H.O 7-50
K 4021, C 1287, N 1443, S 52:99
K,0 991, Al,0, 1084, SO, 8373, H,0

4552
Se 71'17, O 2883
Si 46-67, O 53-33
Ag 7526, Cl 24-74




10
SYMBOLS, MOLECULAR AND EQUIVALENT WEIGHTS, AND PER-

No. COMPOUNDS, Molecular formula, | poceiie
IR Silver MItrabe: i e vanasans . | PR 170
119 I 0 [ e S S S e e 248
120 | Bedinm oxide " vfiuaisisassnasmasansos s {135 o e i i |
121 hipdTate sttt sharas wins o )5 [ SR el o S RS 40
123 CRIOEIAR oitiais it taskrmmeiansi: | DUBHAL e raon s anmadsins snica || UERARY
123 N henaih e e - Pl R )| 157 | e e el
124 OB ko s wimm s s wis i i Na,B,0;10aq............ | 382
125 carbonate, anhydrous......... | NagCOyg veeevurenennnnns. 106
126 carbonate, monohydr ated . Na GOOGHT: coee mtiniasimuics | A2k
127 carbonate, decahydrated crst. GU lﬂnq ............ 256
128 DICATDONALE  «vvensersrersunnsenss | 3{003 G e
129 ChIOEAEE axinssaiias exsuerspmsnanss | R&GIOE .................. 1665
130 hypochlorite ..coovvarsmmsinsess B G 8 0 it Lo, il 745
131 v s g e G S el 85
132 PROBPRBES" ooy v asbmas s NﬂgHP‘D,;].—ﬂfl Semstyie | N
133 S e e A e L T R e T e R e e 122
134 sulphate ..ooooovneeiieininnnniannns | Nag80y cevvvinienneee, 142
135 POV o ciniacsmrussinns || INAQICIGIDET = conionsssnsn 322
136 bisulphate .....ccceereencrnnnanes | NaHS0  reeniiinnnne, 120
187 SULPHTEE e e danmata b e e s Na 80,600  coroeeeen.. | 284
138 1:-151.11 i e o N T L 104
139 thlusulpha.te, hyposulphltr Na.S,0:08q ereeenserns | 248
140 3 o]t PSR e b U I e e G e B 75
141 Pentas RIS 'y vervassnsrscnsres | DUBGISE #sxnunsasvnszans conss [ SAHG
142 hydrogen sulphide ............ | NaSH .coouriiienriinnnnnn, o6
143 | Sulphurous anhydride ......ccneneee 15 IS RN e
144 | Sulphuric &nhyﬁllde wsivenne | MG nousunsusnpvnsonssnmanns 80
145 | Sulphuric acid, monuh:,dmtu ......... ;P P
148 PYTO .ees T PR
147 | Thiosulphurie acid, hyposulpnmmls 805 cceerervarenvasasa 114
acid
148 | Trithionic acid ..oovvveverinveeinraiieees | HoSg0p cosisnaiinianinnns 194
149 | Tetrathionic acid.....ccovevenrecvmieneiines | HaS0p  srvecnerinininines 226
150 | Pentathionic acid .....ooeeevsniesssares | H.8;05 «evivessnsniieness | 208
151 | Sulphuretted hydr ::n-‘-'::u .................. HoS eoniarssnermamsannsena 34
152 | Stannous chloride ....cceveovervieriinnee | SnCL22G  cereeniisnnnns | 223
168 || TV OAEE i ivsssnsnsssumsinsnnin narnsimsnsinnnaveses | Flghd | Miawansnnssaraannsnss 15
154 | Zine oXide .,.eveeeiisrennisnniniinins [ 2000 i, 81
155 ChloTide ocrverseresniemssncnrenses | Z0Ck visiisssseainenass | 186
1“{3 sulphstle SRt e RN orssemisannainea s n: | [LLLEE
157 CrYSte sivvvviniiniiiennnne | ZNBOLTAG saeiiasinnains 287
158 SIPHIAR eevecsivninesivessoivasionsn | I ua sunmnarsanamnssnanaun | UE




I

CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS—Continued.

Eqnivlt.

No. Equivalent Formula. weight. I'ercentage Composition.
118 | AgONO; ovivinvainanas 170 Ag G393, NO, 8647
R T R [ b Ag 8709, 8 1291
B | NH): s cninana s 31 Na 74-19, O 2551
BT | NalEL i iieiimmsivbe 40 Na,0 77-50, H.O 2250
T [ S 0589 Na 39-82, C1 G0-63
123 | 8NaOALO; .... 1445 Na,O 64-36, Al,0, 35-64
124 N&U"BDE+ 1{}][0 191-0 Nay0 1623, B0, 36:65, H,O 47-12
G | Bally .t tnn) o3 Na,0 5549, CO, 41-51
126 NELDGGE-I- i 5§ 6 R G2 Na,0 5000, CO, 3548, H,O 14-52
127 | NaOCO,+10HO ...... 143 Na,0O 21 6‘3 CO, 1o 39 H,0 6293
125 | NaOHO200;. .. c0ic e 84 N&uﬂ 36 EFEI (1{:'-1 02 '.']B Hgﬂ 10-71
129 D«TEI.{:)(.:](:[.i ............... 106-5 Na, .0 29: lﬂ CIED-, 7O Eli]
130 v aOClO.. 745 N"L&O 41: BI Cl1,0 58-39
BB | NaDNOs: o cninsipanmnsass 85 Na,O 36'4?, N0, 63:53
132 E\TﬁOHDPG + 24HO | 3538 Na,O 17-32, P,O, 19-84, H.O 62-84
198 | Ma0810,. oo iee e nonins 61 Na D o082, 50, 49-15
184 | NaOSO, . 71 Na 'D 43 ﬁﬁ "?D H6-34
135 NﬂO‘E!O-;‘F' IDHD ...... 161 Na O 19- Eﬂ ‘301 24-84, H,0 5591
136 | NaOHO2S05..0000meuees 120) N‘EI-QD 25 Sd S0, 66 ﬁ? H,0O 750
137 | NaOSO,+6HO......... 117 Na.O 26 aﬂ SD., a5 3), Hr.D 4615
138 | NaOHO2805. 000000000 | 104 Na,O 29-81, Sﬂ'q G1-54, HgU' 865
139 | Na085,0,4+5HO ...... 124 Na,O 25- GU S 12:90, SO, 25-80, 3%750[.
el s R ) (T Na 5897, 8 41:03, corresponding to
S e IR T e S B 1 Na.S 87-86, S, 62:14 [79-49 Na O
8 | Na8HS ..o aiaass 56 Na,5 6965, H.5 80-35
ol T 2 PR R S a2 S 50-:00, O 5000
P o T e B e S A1) S 40:00, O 6000
BB | - FPOR0, e 49 S0, 81-63, H.O 18-37
BB | HOPS0, . .ovvivanininia 89 H.S50, ho06, SO, 44-94
T | R0, i s i bY S0, 56:-14, S 26-07, H.,O 1579
R EE O e miones 97 S0, 41-24, 50, 32:99, 8 16-49, H.0 9-23
QD | EERS e s i | LR 50, 85 3‘"} 50, 283":" 3‘1337' H. 0 97
150 | HOS.0, 129 SD-;, 3l UI. S{}q 24- 81 S 37 EU H O G-J3
iy B 17 85 9412 H 589
152 | SnCl4-2HD ....coneneen | 112D Sn 52-44, Cl 31-56, I,0 16-00
s G L R T S 9 H 11-11, O 8589
464 | ZnO. ovvin sovrmsasvisineess | 406 | En 8025, 0 1975
TS T 6 R Kol .| 68 Zn 47 IE} Cl 5221
156 | Zn0OS0, . Raer. 805 Zm0O 50- 31 S0, 49-69
157 FHO":-U + ]IU 1485 Zn0 2822 301 27-87, H, 0 43-91
158 | ZnS.. ot ket S 485 Zn G701, S 8299




TABLE 3.—FACTORS FOR CALCULATING

Substance Weighed.

Snbstance to be determined.

Ammonium,

Ammoniam Chloride, NH,Cl ............
t:hluridt?, {

Ammoniaom pla,tmum
(NH,),PtClg .

Arsenie.

Avrgenic trisulphide, AssS3..civeennnn ..

]
.

Ammoniam maguemum MEEna.te
Mg(NH4)AsOy4+1aq... o

Barium,
Barium sulphate, BaS0, ..

Barium earbonate, BaGU_-,

Barium silico ﬂtmr:dc, Basil
Calcium,

Calcium sulphbate, CaS0y.....c.....u.....
Calciom carbonate, CaCOj ...............

Carbon.
Carbonic anhydride, CO .

Calcium carbonate, 01{]03 L S
Barium carbonate, BaCQ; ...............

Chlorine.

Silver chloride, AgCl ......cccvvvinnen .

Copper.

Copper oxide, Cu0........o oo vieeeevernnnces

Cuprous sulphide, Cu; S

Iron.
Ferric oxide, FegOa .o vinssnnnnansnas

Lead.

Lead monoxide, PbO......cocovicrvimsvanens

Lead sulphate, PbSOy o..ovvvvvenvennss
Lead su'phide, PbS........cccoc0iv0eee

LE‘ﬂ.ﬂ, Pb pERAdE AT R v na R AR TR AR R RRR IR

oI, NI s o innn ca s st me
Ammoninm oxide {I‘\'Il'ﬂgﬂ ...............
Ammonia, NHj ...
Moo W o i i v s

Arsenie, As
Arsenic trioxide, AsgO;

Arsenic Anhydride, .ﬁ.."gn
Arsenie, As...
Arsenic tlmmde. 1'!.:«';03
Arsenic anhydride, AsaQj ...............

---------------------------------

---------------------

: : BaO
}Banum uzlde,{HaD i gl e

Cal) o e

}Cﬂcium oxide, CaO g

Carbon, €1 oo
} Carbonic ﬂrﬂh}ﬂl‘lﬂo, Egﬂ

Chlorine, Cl .
Hydrochlorie amd HCI .
Chloric anhy dr1dr3 Cla05
Sodium chloride, NaCl

------------------

Coppar, Ef i i
Gopper:{lu
Cupric oxide, CuO

------------------------------------

Iron, Fe
Ferrous oxide, FeQ ........

.......................................

.......................................

Lead ﬂ:lde, 1 R
TLead nxidE, PbO
Lead oxde PhO .o tinteants e
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GRAVIMETRIC ANALYSES.

0-31776 | 0°63552 | 0°95328 | 1'27104 | 1'58880 | 190656 | 222432 | 2:54208 | 285951
0-11654 | 0-23308 | 0-34962 | 046616 | 058270 | 0°69924 | 0°81578 | 0093232 | 1'04886
0r07620 | 0°15240 | 0°22560 | 0°30480 | 038100 | 0-45720 | 053340 | 0-609G0 | 968580
006276 | 0012552 | 018828 | 025104 | 0°81380 | 0°37656 | 0°43932 | 050208 | 056484

0-G0975 | 121950 | 1-82925 | 2-43900 | 2-045875 | 3°65850 | 3-26825 | 4:87800 | 5-48775
0°804388 | 1°60976 | 241464 | 3°21552 | 402410 | 452923 | 5°63416 | 643904 | 7:24392
0-93496 | 1'86992 | 280488 | 373954 | 467430 | 560976 | 654472 | 7-47968 | 841464
0-39473 | 0°78946 | 1°18419 | 1°57892 | 197565 | 2'36838 | 276311 | 3-15784 | 3-55257
0°52105 | 104210 | 156315 | 2°08420 | 260525 | 3'12630 | 3'64735 | 4°'16S40 | 4:659045
0°60526 | 1°21052 | 1'81578 | 242104 | 302630 | 3'G3156 | 4°23682 | 4'84208 | 544734

0°6G3665 | 1°:31380 | 196995 | 2:62660 | 3-28325 | 3:93990 | 450655 | 5:255320 | 5:90985
077655 | 1°55310 | 2:32965 | 3-10620 | 388275 | 4:65930 | 543585 | 6:21240 | 6-93895
0-54839 | 1'09678 | 1°64517 | 219350 | 274195 | 8:29034 | 3'83873 | 4:38712 | 4-93551

041176 | 0°82352 | 123528 | 164704 | 2-05880 | 2-47056 | 2:88232 | 3:29408 | 3-70584
0°:5G000 | 1°12000 | 1-GS3000 | 224000 | 2-80000 | 3-3G000 | 3'92000 | 4°48000 | 5'04000

027273 | 054546 | 081819 | 100092 | 1'36365 | 1'63638 | 1'90911 | 2-18184 | 245457
0°44000 | 0-83000 | 132000 | 1°76000 | 2:20000 | 2°G4000 | 3-08000 | 3-52000 | 3:96000
022335 | 0°44670 | 067005 | 0°89340 | 1'11675 | 1'34010 | 1'56345 | 1'78650 | 201015

0-24739 | 049478 | 0-74217 | 0°98056 | 1-23695 | 1-48434 | 1°73173 | 1'97912 | 2-22651
0°25435 | 0°50870 | 076305 | 101740 | 127175 | 1°52610 | 178045 | 2:03480 | 2-28915
052613 | 105226 | 1-57839 | 210452 | 2:63065 | 315678 | 368291 | 4:20904 | 4'73517
040767 | 081534 | 1'22301 | 163068 | 2:03835 | 244602 | 2'85369 | 326136 | 3:G6903

0°79874 | 1°50748 | 2:39622 | 3'10406 | 3:99370 | 479244 | 559118 | 6:38992 | 718866
079574 | 1°59748 | 2:39622 | 319496 | 399370 | 479244 | 559118 | 6:38992 | 7°18566
100000 | 2°00000 | 300000 | 400000 | 500000 | 6°00000 | 7:00000 | 8:00000 | 9:00000

0-70000 | 140000 | 2:10000 | 2-80000 | 3-50000 | 4:20000 | 4:90000 | 5:60000 | 6-30000
0 90000 | 180000 | 2:70000 | 3-60000 | 4:50000 | 540000 | 6:30000 | 7-20000 | 8:10000

092825 | 1'85650 | 2:78475 | 8:71300 | 464125 | 5°56950 | 6:49775 | 742600 | 835425
063317 | 1-36634 | 2:04951 | 273268 | 341585 | 409902 | 4-78219 | 5'46536 | 614853
073507 | 147194 | 2-20791 | 294388 | 8'67935 | 4'41582 | 515179 | 5°88776 | 662373
0'86G11 | 173222 | 2:50833 | 346444 | 4°33055 | 5719666 | 606277 | 6:92588 | 7-79499
093305 | 1'86610 | 279915 | 373220 | 4'66525 | 559830 | 6:53135 | 746440 | 839745
107730 | 2:15460 | 3:23190 | 4'30920 | 5:38650 | 6:46380 | 754110 | 8:61840 | 9:G9570
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FACTORS FOR CALCULATING

Substance Weighed.

Substance to be determined.

Hydrogen.
Water, HGL. antisinh i

Magnesium.

Magnesium sulphate, MgSOy ...
Maﬂnemum p:,rluphusphate, Mggl -ﬂ;

Manganese.
Mangano-manganic oxide, MngOy ...

Manganese sulphide, MnS.....ovvnene {

Nitrogen.
Ammoniam platinum chloride,
{hH.ﬂuPtGIﬁ Ak e

Plativam, Pt .

Phosphorus.
Magnesinm pyrophosphate, Mg P:0;

Potassium.

Potassium sulphate, K-ISD.;
Potassinm chloride, KCI ..

Potassium platinum chlﬂmde, Iu’.'gPtU

Sodium.,

Sodium sulphate, NagSO; ..oovvii e
Sodium carbonate, NagClly ..oooviinnns
Sodiam chloride, NaCl.......cc.evvviiannns

Sulphur.
Barium sulphate, BaS04 .occiiiiannnn.

Zine.
Zine oxide, Zn0....cooiinvie i
Zine sulphide, ZnS ..o {

Hydrogen, IL......ccceen

Magnesia, MzO
Magnesia, MgO

..............................

Manganese, Mn...
Manganese, Mn
Manganous oxide, MnO .

..............................

Nitrogen, N ........
Nitrogen, N

---------------------------------

Phosphorie nmhyﬂr]de, Pwﬂs ST TR
Phosphorus, P . :

{

Potassinm oxide, KaO...ciiviviininan
Potassinm oxide, Ko0............
Potassium oxide, KoO ......cooinnnnn.
Potassium chlomde, KCl ...

{

Sodinm oxide, NagO
Sodinm oxide, Nag0 S i
Sodium oxide, Nag0 .cvoiiiinininnnana

Sulphur, S ..

Sulphurie anhydride, E:U P L
Sulphurons nu{wdnde. Hu.,. e A AR
Sodium sulphate, NaaS0,

|||||||||||||||

Zine, Zn ..
Zine, Zin .. CRTRACL A Lo T
Zine ﬂxlde Zn0

...........................




15

GRAVIMETRIC ANALYSES—conlinued.

011111 | 022222 | 033353 | 0-4bbLk | 0°55555 | 0°66666 | 0°77777 | 088888 | 100000

0-33333 | 0-GGGGG | 1:00000 | 1-33333 | 1-66666 | 2:00000 | 233333 | 2-6G666 | 3-00000
0°3603G | 0°72072 | 1°08108 | 1-44144 | 1-80180 | 216216 | 2:52252 | 2:68288 | 3-24324

2| 144104 | 2°16156 | 2'83208 | 3:60260 | 432312 | 5°0 576416 | 648468
218 | 1°2G436 | 1'89654 | 252872 | 3°16090 | 3:79308 | 442526 | 505744 | 565962
09 | 163218 | 2:44827 | 3'26436 | 408045 | 489654 | b7 6:52872 | 734481

006276 | 0-12552 | 0-18823 | 0-25104 | 0-313S0 | 0-37656 | 0-43932 | 0-50208 | 0°506484
0-14200 | 0-28400 | 0°42G00 | 0-56G500 | 071000 | 085200 | 0°99400 | 1°13600 | 127500

0-G3904 | 127028 | 1-91892 | 2:55856 | 3-19320
0°27923 | 0°55550 | 0°83784 | 111712 | 1-39640

Ll =

"83784 | 447748 | 511712 | 570676
{iFEﬁS 1'95496 | 223424 | 251352

0-51023 | 1°05046 | 1°62069

216092 | 270115 | 3'24138 | 378161 | 4:32184 | 4'86207
0'63087 | 126174 | 1-89261 | 2
0
1 T

1

92343 | 3-15435 | 3:78522 | 441609 | 5°04G95 | 567753
77020 | 096275 | 1°15530 | 1°34785 | 1'54040 | 173295
22084 | 152605 | 183126 | 213647 | 2'44168 | 2'74689

019255 | 0-38510 | 057765
0-30521 | 061042 | 091563

0-43662 | 0087324 | 1"30986 | 1'74648 | 2-18310 | 261972 | 305634 | 3-49206 302958
0°58491 | 1°16982 | 1°75473 | 233964 | 202455 | 350946 | 4-09437 | 4:67928 | 526419
0°52991 | 1°05982 | 1°38973 | 211964 | 2°64955 | 3:1794G | 370937 | 4:23928 4 76919

013734 | 027468 | 041202 | 0-54036 | 068670 | 0°82404 | 0°96138 | 109872 | 123606
034335 | 0°G3670 | 1°03005 | 1-37340 | 171675 | 2:06010 | 2:40345 | 2:74650 | 3:09015
0°27467 | 054934 | 082401 | 109868 | 137335 | 1-64802 | 1°92260 | 2-19736 | 247203
0°GUOL | 1°21888 | 1'82832 | 243776 | 3'04720 | 3-65664 | 4-26608 | 487552 | 5-48496

0-50295 | 1°60590 | 2-40885 | 321180 | 4:01475 | 4'81770 | 5:62065 | 6-42300 | 7
067078 | 1'34156 | 201234 | 268312 | 3-35300 | 4:02468 | 469546 | 536624 | 6'03702
0-83549 | 1'67078 | 250617 | 8'54156 | 417695 | 501234 | 584773 | 6°G8312 | 7+
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TABLE 4.—SOLUBILITY OF DIFFERENT SALTS.

Remark.—The solubility is given in parts of the anhydrous salt dissolved
by 100 parts of water.

100 Water Dissolve. Cold, Boiling.

Alumm, SIIMONIR.casssrssssssammnmansarsnsssasresspansnsas 9 422
potash... 92 957
Aluminiom sulphat.e 83 89
ATmonitn) OXALAEE ..uciiaessssssraniqannsansinisansan 45 40-8
i a1 o U S e R e 199
sulphate ...ccosonmmeraemnmessmranaanas 66 100
BAaMATD CRIoRIAe oisiieu st oo dysnnssanss 35 GO
hydrate e iy g e A R 5 10
DALAE G B Yol ok S snialen A Tt e 8 89
Y TR 0 7 e, Sl PRI B N W 2 21
TAPHIRINEEIN -1 ¢ ot onsetnas st M PR al s e v o S S e W R 3
Caleinin cAarbONAEE .ovissnsrsemsmnensesmmsansasssssnesa 00036
GRLOTIHB. v her sernsn oo unnnan st bl pis as A musnls 400
hydrate.....oonimmmn . 0128 0-079
iR ) e e i S e e B T e 400
SOlPRALE. - cocninmsiinsivesansin s ssusst DEarby 0-23 0-21
Copper acetate .......cooeeesisiiaiimmiene, 7 19-8
NIEIRER o wsit o ks an s oo winis i an s A ke 127
BUIRBAIEL s 21 75
Tron protosulphate ....cccicvcieiciiiiniiiiiinins 20 178
Tionitl Aeatade o o e s i doa s s s 46 71
0l it | - s X A R Bl KXY 3 5]
IR E g, e e s e e ek 48 139
gulphabe o oiiiiinis e adaitiai vy 008
Magnesium oXide .....cccviiniuinmniemniiii, 002 002
ﬂar'bcmat& ................................. 02 e
ehloride. i o Rl 200 400
Manganous chlcrule 62 123
Oxalic acid .. 11-5 100
Potassium hych 5D B R S 200 e
chromate (ne utral] 43
ek e e R e R S A R S 10 102
oxalate (acid} .............................. 25 10
AOIpRIEe o it AR S 100

thingnlphabe sitisiis o faiin St deliguescent T
bitartrate... 04 10-5

tartrate (neutml] ........................ 133 296
eyanide ..icissnssiniensesarsarsrsrasanes 122
TErTOEPATIAR -« dessinsnnsnnsnsnsinnsnnastans 29 91
FOrTIC YOI o oxice i e o s s ailh 40 82

IR wncs st e whs wbs gih i s A SR s R 141 221
1o I 1 T v - g e R e 35 150
e e, T e e o T 4 bd

hydrate.. ..o cononsaiusissnsnsiosnsaninses 61 ok
thiosulphate .....cccvminiiniiimi.., a0 more than 200
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SOLUBILITY OF DIFFERENT SALTS—continued,

100 Water Dissolve, Cold. Boiling.
el BT T B i1 ] T RO S , 12
S R A e 25 100
it g byt e e S 16 34'8
16 1 A et [ Sl 20 113
i e RS e R ol S AL b3 102
i T oy O R e s e AL S S 76 200
Tin (stannous) chloride ...cccecceeremrersneessssess 270
o i |- e ane e S e S 300
Sl T e S e e e S 50 95

TAELE 5.—SOLUBILITY OF CERTAIN SALTS AT
DIFFERENT TEMPERATURES.

Ammonium Carbonate. Magnesium Sulphate (Epsom Salts).
100 parts water dissolve (Berzelius) 100 parts water dissolve (Gay-
at Lussac and Tobler) at
13° 25 parts 0° 247 MoSO rst. salt
17 80 g o 250, as cryst. sa
82 87 20 850
41 40 2 B71
49 50 30 398
Ammonjum Chloride. gg g};g
100 parts water dissolve at a0 b2'8
15° 35'68 parts NH,CI (Gerlach) G0 559
19 368 (Schiff) 70 604
100 100 80 651
90 703
Calcium Chloride. 1055 13250 (G‘rriﬂiths)

1 part anhydrous CaCl, dissolves
(Kremers) at

& f Potassinm Carbonate,
10-2° in 158 parts water

20) 1-35 (1) Anhydrous (Osann),
40 0-83 1 part dissolves at
60 072 3% in 1'?5)1}:1115 water
1 part CaCly, 6aq., dissolves at 13‘6 %;ﬁ;—_}
10° in 05 parts water 26 0747
16 025 70 0490
100 every proportion 15 0922 (Gerlach).

C
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SOLUBILITY OF CERTAIN SALTS AT DIFFERENT
TEMPERATURES —continued,

(2) Crystallized (Poggiale).
100 parts water dissolves at
0° 83-12K,C0,;=181-15K,C0;,2aq.
10 8872 142-50

20 94-06 153-70
30 10009 166-55
40 10629 18007
50 112:90 196-60
60 119-24 212-35
70 12710 252:84
50 13425 252:57
90 143-18 27872
100 155-66 811-85
135 205°11 526-10

Potassium Bicarbonate.

100 parts water dissolve (Poggiale) at
0° 19-61 parts KHCO;

10 2323
20 26-91
30 3057
40 34:15
50 37-92

60 41-35
70 4521
Potassium Chlorate.
100 parts water dissolve at
0* 838 parts KCIO,; (Gay-Lus-

13-32 560 sac)

1537
24-43
9502
4908
74:80 35-40
10478
17
15
98

(V. Meyer)

Potassium Chloride,

100 parts water dissolve at

07 29-21 KCI1 (Gay-Lussac)
118 546 (Kopp)
138 349
156 85
19 8453
52 4859
79 5093
109-6 59-26

(Gay-Lussac)

Potassium Nitrate.
100 parts water dissolve at

0° 13:32 parts KNO; (Gay-Lus-
501 1672 sac)
11-67 22-23
1701 29-81
2494 8340
3513 5452
4510 74-66
5472 9705
6545 12542
7972 16927
97-66 236-45
1145 28461

Potassium Sulphate.
100 parts water dissolve at

12:5° 10 K,S0, (Brandes and Fin-
15 1038 haber)
31-25 14
875 17
B0 25
5625 22
6375 21-95
75 25
100 26
101-7 2121

Sodium Carbonate.
100 parts water dissolve at

- [(Toewel)
0° 6:97 Na,C0,21:33Na,CO;10aq.
10 12:06 4094
15 16-20 63-20
20 21°71 92:92
95 2850 14913
30 3724 27364
82 59 (Mulder)
84—79 462
S0 459
85 457
90 456
95 44
100 451

Boiling point of the saturated
solution 10G*
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SOLUBILITY OF CERTAIN SALTS AT DIFFERENT
TEMPERATURES —conlinuec.

Sodium Bicarbonate.
100 parts water dissolve at

0° 6:90 NaHCO; (Dibbits)
10 815
20 960
30 11-10
40 1270
50 14-45
60 16-40

Sodium Chloride.
100 parts water dissolve at

—15° 8273 NaCl (Poggiale)
—10 8349
— 5 3492
0 8552
+5 8563
9 3574
14 8587
25 8613
40 3664
50  86:98
60 8725
70 3788
80 3822
90 8887
100 8961
1097 4085

Sodium Chlorate.
100 parts water dissolve at

0° 81'9 NaClO; (Kremers)
20 99
40 1235
60 1471
80 1756
100 252-6
120 3333

Sodium Nitrate,
100 parts water dissolve at
— G° 6880 NaNO, (Poggiale)
+0 7995
10 54-30
16 &7-63

89:55

95-37
102-31
111-13
11994
129-63
140-72
15363
100 16820
120 225-30

The saturated solution boils at 122°
Sodinum Sulphate.
100 parts water dissolve (Gay-

20-
a0
40
50
60
70
&0
90

Lussac) at
0° 502Na,S041217Na,850,,10aq

11'67 1012 26-38
1330 1174 81-33
1791 1673 45-25
2500 28'11 99-48
28-76 8735 161-53
3075 4805 215°7
31-84 4737 270:22
82:73 bH065 322-12
33-88 5004 31211
40-15 4878 291-44
4504 4781 276:91
50-40 46-582 262-35
5979 45-42
70-61 44-35
84-42 42:96
103:17 42:63

Sodium Thiosulphate (hyposulphite).

100 parts water dissolve (Mulder) at
0° 47-6 Na,S,0, as cryst. salt
16 65
20 69
25 75
80 852
35 89
40 98
45 109
47 114

60 192 (Kremers)
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TABLE 7.—SOLUBILITY OF AMMONIA IN WATER BY WEIGHT.

(Solubility by Velume in Table 6.) 1g. Water Dissolves at 760 mm,
pressure (Roscoz and Dittmar).

At g NH, At g NII, At ‘g NH, At g NIT,
o | 0875 16° | 0382 80° | 0408 44 | 0275
2 0833 || 18 0554 92 082 || 46 | 0930
4 0-792 20 0:526 84 | 0862 48 | 09244
6 0-751 02 0-499 96 0-343 50 | 09229
8 | 0713 o4 | 0474 93 0524 52 | 0214

10 | 0679 26 0-449 40 | 0307 54 | 0200

12 | 0645 23 0426 42 0-290 56 | 0185

14 0612 "

TABLE 8.—SOLUBILITY OF CHLORINE IN WATER.
(Schonfeld.)

1 Vol. Water absorbs Vols. Chlorine, caleulated at 10° and 760 mm. pressare,

At | VoLChlor. || At | Vol.ohlor. | At | Vol Chlor. | At | Vol.Chlor,
] |

10° 2-5852 18° 22405 | 26° 1:90099 34° 1-5934
11 2:5413 19 21984 || 27 1-8695 35 1-5555
12 2:4977 20 21565 || 28 1-8205 36 1-5166
13 2:4543 21 21148 || 29 1-7895 a7 1-4755
14 24111 22 20734 30 17499 835 1-4406
15 23651 23 20322 31 1:7104 39 1-4029

16 23253 || 24 1-9912 32 16712 40 1-3655
17 2:2828 || 26 1-9504 8 1:6322

TABLE 9.—SOLUBILITY OF HYDROGEN CHLORIDE IN

WATER.
1. Br Weicur (Roscoe and Dittmar). 1g. Water absorbs at 760mm,
pressure.

At g HCl At g el At g 1101 At g 11C1
0° 0-525 16° 0742 az° 0-665 45° 0603
4 0504 20 0721 g5 0-649 52 0-589
8 0753 24 0-700 40 0633 56 0575

12 0762 28 0-682 44 0-GLS G0 0-561
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SOLUBILITY OF HYDROGEN CHLORIDE IN WATER—confinued.

2. By Voruvue (Deicke).—1lcem. Water absorbs at a pressure of 760mm.

- . of the Acid | Percentage of HCl in
- SR SPeC O ormea. S satme.
0° 52542 1:2257 45148
4 4977 12265 44-361
8 450:3 12185 43828
12 471-3 12148 43277
14 4624 1-2074 42:529
18 4512 1:2064 42-314
1825 4507 12056 42-283
23 4350 12014 41-536

TABLE 10.—SPECIFIC GRAVITIES OF DIFFERENT SOLIDS.

Alderwood....ciiaennmnsnies
Alumina, anh}dmus ......
Alum, ammonia .
potash .
Alumina sulphate 'ICTj st
AlumiIninm ...ccesess
AlmBEONe: i iriistsas
Ammonium nitrate
sulphate......

chloride...... .

Anhydrous gypsum
Anthracite
AT ODTE e ciin miaiimos s

llllll

..................

Arsenious acid......coveenees

Arsenie :mu]:I
Asphalt ..
Ashwood ....... ..‘

Barium chlor 11;1& Cr _} bt
car bon&te
sulphate {spm]
h} -:lra.tL, {:r;.rst

Bauxite .. fhis

Beechwood, dry ..oveveun.

Birchwood, dry ............
Bismuth
Borate of magnesia (hum-
cite) ...
Borax, cr stalliszd.........

Boric aci , erystallised ..
fused..... A

Brown coal, lignite,, ...l

0-5-0-6
4-15
1-626
1-724
1-596
2:76
2:8
1-707
1-77
1-528
296
1-4-1-7
G-7
35581
4-250
1-1-1-2
0-7-0-8
2-G64
4-56
473
1-G6

2:8-3:2
0-7-0'8
0-7-0-8
985

29
1:692
1-479
1-530
12-14

| Cement

Clay

Fe]spar

. Coke, porous
| Coal, porous......
Copper, metallic, cast......
hammered ..
PYTites ..cooneneees

Brickwork. . ..o ciisiviis
Bricks, ordinar J, ............
i o R e
Calapaame i e
5 37§ R BRI o s !

Calcium chloride, cryst....

chloride, anhydrous|
gilicate. i ssenssnsanesd
carbonate .......e....
phosphate ............
sulphate, anhydrous
| DM BERRT. | ook s ads s

Cannel coal oo

llllllllllll

| China clay, kaolin
| Charcoal, crganic .........

wood

oxide

uuuuuuu

------------

++++++++++++

||||||||||||

||||||||||||

sulphate.....ceeus-

|

|

|
Fibres, {;Iér'é{«;ijié:::l:::::‘
Firwood, di 'y

llllll

Cuprous sulphide............

QIEGIILEH iR ER NN
Elmwood

Fat, animal

||||||||||||

el o

1D 10 #= 00 19 =
=] G =] o =1

1 s O b et
o
[CEEy

2-240

2927

275
1-16-1-27
2:7-305
221

1-57
0-3-0:5
0-4
1-16-1-G3
5726
594
4-1-4-3
G-43

2-27

597
1-8-2:6
2:96

0-G7

0-92
2:0-2:6
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SPECIFIC GRAVITIES OF DIFFERENT SOLIDS—continued.

Firebrieks....cccceenieimnsann
3 b e e s
(G183, ZTeen +ourvririrnivansss

PIBED e nsisumpininie

crystal, Buhem
flint, Engl...

Glauber's salt, crysh ......
anhydmus
Granite ...

Gypsum, phstm Df-pauf-
¢ast, dry........ f
HEAVY EPAT .vreveinsnssmsans
1o 711 AR SONRRRRE o T :
Iron, wrought ....iccccenuiet
grey, cast ..cccecens

white, cast .
eroxide ...... s
ydrated P
magnetie oxide ..... :

carbonate ............
sulphate, cryst.......

pyrites, white ......
PYTIELS cosvnasencasanares
Larchwood .....cocovmenns i
Lignite ..

Lime, humt quch_
Limewood ..
Litharge
10 8 T T R S
el Gaeslanin
chromate Ao
acetate, cryst. ......
carbonate ............
nELTate ..o
sulphide...............
sulphate..cwamnsas
ehlaride ....covuies
Magnesia, calcined .........
carbonate ......
Magnesite ...
Ma,ffneslum sull:-h = or _','51:
chloride, cryst.
Manganese PEroxiLle ......
DALIVE ..iiviess

TRy s i bt oo
Oakwood, ATy .o.oviiemmaines
Phosphorus, yellow.........
Pinewood, white ............

Pinewood, Ted .. .o U
T 1T ¢y b 1 O S M L7 1 13 |
BPoblwootl ciciei s irinssuinns 1263
Poplar 038
ey 6 o] oy A — " 1 (7
FPOrPRNEY o iannst - nnmssnves 2:8
| Potash ...cosss cwane] 2e8
| Potassium mrb::-:mtre ...... 2964
chlorate......... 2:30
chloride......... 1-945
chromate ...... 2603
nitrate .coiesees 2-058
sulphate 2-66
bisulphate ...| 2277
h} dratL ......... 2:044
Quartz .. B )
| 7T 1T s e g e T SR 1-07
2 EaTe] oo A S M 9.1-92-9
Sal-AMMONIAC .cuesenanenssss 1-528
20T G 1 R D 1-4-1-6
dﬂmp .................. 1:9-2-0
Sandstone .. 1:9-25
Silver.. . J 10-6
Silver chlm 1{1:3 5-H01
FIBIAEE . s s 27
- Sodinm cmbmmte, anh.. 2-509
carbonate cry st.. 1454
chloride ............| 2078
MILTRLS  sisians 2-996
gilphate............ 2-63
sulphide............| 2471
thiosulphate ...... 1-736
- hpdrate ...ive| (2150
T e e N S
Steal eaah ol 792
hardened: ............ T-66
| Sulphur, native ............| 2:069
sticks, fresh...... 1-95
sticks, old......... 2:05
soft, amorphous 1-9G
' Sulphurie anhydride...... 1-97
I OREE s e e T21-74
hammered ............| 7470
Willowwood. .....coomemenaias 0-5-0-58
WAL herite «ois sy 450
TV 0 COBE v ap i nsmnns G5
IRV ILEL: iy e i T2
Blende. o e s $:9-4-2
BRI i cess sxnesnami=| DT 0
sulphate .....cieiess]| 24086




TABLE IL.—WEIGHT OF SUBSTANCES AS STORED.

1 Cub. 1 Cub. Tons

BUBSTANCE. Metre Foot per
Weighs | Weighs Cn'l.: Foot.

Kiln, Ib. a.d.p.
1Tl R Ny U1 1T SN R . St - 7 8 e 1 131 0584
BT a1 P, Ll s o e e B RIS RIS R SR O o 1200 (b 0335
Il AT xreetins o e = W 03 o v A (s R i Rtk el ¢ oL I 103 0459

iy ORI e B e S e T e 7 93 0437
Limestone and other Building Stones ......c.c.ooin. 2000 | 125 0558

Mortar (lime and sand).........oceeiiimismnninnnnsnna.| 18000 | 112 *0500
U TLTOTEATITARE s ot o s M i i w i o]+ LI 625 | 0279

BN, A0 Joer s cinusuusasn s fss S tes den e et duns | - ASSI 83 0370
ey e o B L 0491
Wood, Beach o8 siveueesissssissssassncnssennsarsasassss| 400 24-5 | -0107
Fir TiopS s eursunsnsensainncinasbusnansnsnornsnarasasns] <50 205 | 0091
Oak LOZS . uininassssrssanasass savenssasnanmarssananns] 420 26 0116

Raw MATERIALS, ETC., FOR ALKALI WORKS,

Pyrites, broken Pleces ....ceecisvissmssressnmsnaneeeens| 2000 | 156 ‘0696
haet ] R O R ety R ot - (R
|11 7 e e o e ] [ 950 | +0424

11 ET 5 e St e R e R 1310 81:5 | 0364

Nitrecake {aclcl Sulphata of Sqdu} ..................... 1335 83 0375

Salt.. 639 43 0192

Salteake... : e SR, e IR L r3-.1 0328

leﬂstﬂnﬂ {small 1:-1ec-:~5} RS A S e (1 STk 0391

Black Ash (lumps)... 962 IZ:I} 0263

ARl WV aste CWBEL oesalentians covan wnnannndennsnan tetesiny 1268 79 0352

Soda Salts (Na,CO,;+4 Hy Oj {dnmcdj ................. 8510 05 | 0225

Soda Ash {:11]1"'1 ﬂul‘[[}} > ams A 1195 745 0332

SRR o e R PR e e 11 Gid 0281

Bicarbonate {grmmd) I A AR 615 | 0274

Quicklime (small lum } SR [ 172 GG 0295

Sieved Lime (for Eleaﬂhmrr Powder } .................. 497-593 | 31-37 | -0151

Bleaching Powder ....cceiiiiremrasnsainiasisaniisn.. 721-834 | 45-52 | 0216

Manganese, Native....oovoeeieniiniiininneen 221001138 0616

TATAESEATIE TIUBE | . oo nnsnenamin s b iia s v s s SR S & 1550 96:5 | -0431

Coke (for filling tOWers)...cceerarerenrerarrirsnnaninnnnnnns| 417-534 | 26-33 | 0131

Plarde e o el e 1600 | 100 014G

SIS AR e R R R R
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TABLE 12.—SPECIFIC GRAVITY OF DIFFERENT LIQUIDS.

Bpecifie At Bpecific At
Gravity. | Temp. Gravity. |Temp.
|
Aleohol l 07939 | 125 Hitrngeu peroxide
Acetic acid .. .| 1064 17 (liquid) o
Bisulphide of car bnn' 1-272 P Tk 7T T 0 7 5
Benzene ............. 085 155 | Pf,troleum ........... | 0-78-0:81 | 15
CoRl tar ..coiiieond 1915 15 | Rapeseed oil .........| 0:9136 15
Ether .| 0728 |12 || Sulphurous anhy-
Glycerine.........c.....| 1260 15 dride (liquid)...... 1:45 =20
Linseed Qil ............] 09347 | 15 Sea water ............ 1:02-104 | 15
MEFCOTY & iiiiniesiios 18596 0 Spirits of turp’'ntine| 0-865 15

TABLE 13.—SPECIFIC GRAVITY AND PERCENTAGE OF

SATURATED SOLUTIONS.

The percentage refers to anhydrous sclt,

Por-
Tem- centage Specific Degrees
peratme.. of Sale, Gravity., |7Twaddell.
1
Ammonium chloride................ ‘ 15 26-30 1-0776 155
S'l.ll[.lh&t(‘... ViRl 18 o0-00 1-2590 b7'8
Barium chloride.. 15 25-97 1-2827 o6GH
Caleium chloride i B bl B 40-G6 1-4110 822
Magnesium sulphate........................| 15 2525 1-2820 o576
iPotassinm chloride ..........ccovvevneenn] 15 24-90 11723 344
LTl T R S L R S | 52:02 1-5708 114
o e - SRS SRS Y (8 21-07 1:1441 258-8
BIPHate o). A5 9-99 1-0831 16:6G
Badingm chloride ...t 18 26-395 | 12043 40-8
carbonate .......... 15 14-35 1-1585 80-7
nitrate .. 195 4G-25 1-8804 76
sulphate.... 150 11:05 1-1117 22-3




TABLE 14.—SPECIFIC GRAVITY OF GASES AND VAPOURS.

North Latitude, 52° 30°, 130 feet above sea level.

. Grams per : Lbas. per*
Maole- necif :
Gas, eular ;f:.!gwit.;: _!]l;,gj'f,n“t& | Gc}ﬂ.i.“?nﬂf ?,T:;!E;J,']Ef'
weight. | Air=1. ; 0° C. 2002" &32°F.) “ypip
Ammonia ..eeeeeees] NHg | 17 | 0058800 | 0-76199 33296 04757
Atmospheric air ...| ... 1-:00000 | 1-293909 | 56516 08074
Bromine ..ceassssases Br, | 160 502271 | 7-14588 | 381221 4460
Chloring...c.sssessess] Ulg 7l 244921 | 8-16906 | 138478 <1978
Carbonie oxide......| CO 25 096709 | 1-25133 046-78 Qirg=isk
Carbonic anhydride| CO, | 44 1-51968 | 196633 | 859-21 12274
Ethylene | CoHy | 28 096744 125178 546G-98 07514
Hydrogen ............| 1, 2 | 006923 | 008958 891439 | -0055919
Hydrogen chloride | HCL | 865 | 1-25922 | 1-62932 | 71194 1017
Tot iR By samsnanawsunil| ~yaligesi| 2ok 87006 11-328 4949-90 7071
Methane....wwe.....] CH; | 16 | 0-55297 | 071549 812:64 04466
Mercury...eeeeeeas| Hg | 200 89582 8014-39 5h92
Nitrogen.sssssenseesees| N 28 | 0-97010 | 1-25523 54847 07835
Nitrous oxide ...... N,O | 44 1-52269 | 1-97023 860-90 1229
Nitric oxide .........| NO | 30 | 108767 | 1-34261 58666 05381
Nitrous anhydride | N;O; | 76 | 2630 340412 | 1487-46 2125
Nitric peroxide...... NO, | 46 1-592 2-06039 900-31 1286
. g enesed N3Oy | 92 | 84184 4:12078 | 1800-63 2572
OXYLEN cusessessnsanss) Oy 32 110521 | 1-43003 (G24-55 05926
Sulphuretted 1| g g | 84 |117697 | 152200 | 66544 | 09506
hydrogen il
Sulphurous 1) g0, | 64 |221295 | 286386 | 125119 | -1787
anhydride ......J 2
Sulphur ...ccvoeneien. 5, G4 22155 2:836663 | 1252:69 1780
A OGET e s 11,0 18 0-62182 | 080458 80157 U022

* For calenlations with large quantities of gas, it is sufficiently accurate to assume that
10,000 eubic fect weigh as many cwt, ns the molecular weight of the gas divided by 4 indi-

cates.

(Exactly, it wounld be 8483 cwt.)

For example, 10,000 cubic fect of sulphurctted hydrogen weigh =810 cwt.
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TABLE 15, —LINEAR EXPANSION OF DIFFERENT

SUBSTANCES.

By variation of temperature from 0° to 100° C. (32°-212° T.)

Brass ........

ERRTCOR] IO DAL .. .. cnonesenssssnassssssnssssssnns i

T o e N R AL R Gt i s i G i)

GlEES‘ ﬂillt-mlil B3 @ EI EARFAEE B FARAE PR RA RA A WS B mA BAE --------I

WhILE s g e e s
e e e R S e

e e i i e !

b R e e R
BRI i s i e e e S e R A S R

B arble of CRITAYD .iiverii e i e
B Beat oo st e A
AT G e S W R o e R A
IR LB e e e S
BRIAEr Reyd e e
Bies) hardened  .odiannd s i ne
Tl = R e e b s e

0-001868
0-001200
0-:00100

0001718
0000817
0-00086G1
0-000766
0-001466
0-001235
0-001110
0-002818
0-000849
0-000418
0000854
0-001908
0002058
0-001240
0-001079
0001933
0-015538
(0-0028942

: 035
: 843
: 1000
: HE2
: 1219
: 1161
: 1305
: GB2
1 512
- 001
: 851
: 1178
: 2392
: 1132
: 5924
: 486
: 807
s 907
: 516
714
1:2340

Pt bk et ek ek ek et ek ok ok o ok ok ok ok ok ek i ek
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TABLE 17.—CONVERSION OF CELSIUS INTO FAHRENHEIT
DEGREES ABOVE 100 AND VICE VERSA.

Divide the degrees above 100 into hundreds and a remainder. The figure
corresponding to the hundreds is taken from the following tables and added
to that corresponding to the remainder as taken from Table 17. If, on
converting Fahrenheit into Celsius, the “remainder” amounts to 32°
below t‘ms, the degrees Celsius corr mlmnc]mg to it are negative (below freez-
ing point), and hr}nce must be deducted from the ﬁgures of the following
mble. Also take notice, for example, that 300° F. is not = 166:7° C., but =
166:7 — 17-8, or = 111'1 4 877 =1489° C,

A,

Cels, Falr, C:la. Falir, Cels. Fahr. Cels. Fahr,

100 180 600 1080 | 1100 1980 || 1600 2530 .
200 360 7 1260 1200 2160 || 1700 3060
300 540 800 1440 1300 2840 || 1800 3240
400 720 900 1620 1400 2520 || 1900 3420
50 | 900 || 1000 | 1800 “ 1500 | 2700 || 2000 | 8600

B.
|

Tahr, Cela, TFahr. Cels. Fahr, Cels. ‘ Fahbr. Cels.

100 | 56 | 1000 | 5566 | 1000 | 10556 Jl 2500 | 15556
900 | 1111 || 1100 611-1 2000 | 11111 {| 2900 | 16111
800 | 1667 | 1200 6667 2100 | 11667 |! 3000 | 16667
400 | 2222 || 1300 7922 2200 | 12222 | 8100 | 17222
500 2778 1400 7778 2800 12778 3200 | 17778
600 | 8333 || 1500 8333 2400 | 13333 | 3300 i 18333
700 | 8889 | 1600 8580 2500 | 13830 || 8400 | 18889
800 | 4444 || 1700 9444 2600 | 14444 | 8500 1944-4
900 { 500 1800 | 1000 2700 | 1500

|
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TABLE 18.—FUSING POINTS.

SRRy R T B s b e el oL sl et
TRTE T o, g St SR e e G
T H e BRSNS e R

15 E170a 7k o4 A SR s Al PN, et L ey e Y
37T o e GV | O b pelihlls sl e W £
15 e SA, g N o sl el bt 4 S R e
R Y e ety Er Sl s T s
Bronze

PERULINIEINTL oiiniins somariuinsios sansinmass ashbamas s aman R a E oL
Etoth AR SRRANERRR e R s ek e D
Colophonium
By 1) ST SRR R R S e B S S
Cupric chloride
AEETaa  VEH] (3170 b e S e P R S
Lab P 12 e P et SEES S S AR P g e
BRI o ot imn v St S S i S R SN

i R R T T
Fluuﬁpar LR AL RL LRI I R I LRI I R NI N ER LR LN LN LN

G}ass LR R LRI A LE LI R R R I L I E P N NN R R RN RN AR
131as8 conbaining 1ol . .. cixcummrmnrms capn samsnasanssaimens
Gﬂld TEREEREENER

Eron. oldh, WhIte il st s das s waes
grey
e e v s
Iodine

OO i i o i B ARG AR
T 1T Ve R R B S e e

I BB EEIIT . o D cnines s N o e ey b A S AT R AR i
Mel-c'llr:? "'""'-""""""'1"1‘"!! e L L ] * L N | " w L[] L] LR ]
Mercurio chloride ..o osssesmssssnes 5o ses aes s

Na’p!lt‘ha}.eue FEREAFAFAEd B AR A hd R EE s R A F e R A R R
ST Sl "ol i e ) S
Pa'].m ui]-lti|in|l--|--n---.---k---.u.-------,q,.,.qp.p.q..,..q...,.
RN TEN  s  p

il fooa] Boa) ootaichndiciaia bttt sakt s i
I DOIDIIOTNN < i io i e S b a i e s B N R i o

T00®
432
100

260
186G
400
—22
900

316
1500
135
1100
498
434

40
42
27
902

1200
1000
1075

1075
1275
1550

113

326
954
498

500
—39
2u3

79
1500

20
45-60
150-200

44

032
—852
560

174-2
2752

812
113-140
800-100

1112




TUSING POINTS—conlinued.

C.

0 [ T T ey e
Potamatm Tt i e ks petr s oy
R e e e e e e S e
R DO 2 o i e s s o e e o R B

nitrate

Steﬂ,‘rlﬂ- -ﬂ.-[..i{.l. ERRE I EE B IR EEE G ES ERE G R R RE A A RAE R RE E AR RE AR AR RO ER

Steel e R o
Silver, ]TiLt"I..ch
chloride...
nitrate ...

Strontium ch]orid;a.... LA TR M e

L BRIDIIL. ¢ o cn e Ot o s v St irsla e o o o i i
Sodium chlnnde 2 " AR O i s s e

sulphate ..
nitrate

D R R i i i i s e B e s SR W R

carbonabe ...cocieeenennes

Spermaclat!i WA G B G EFEFES EEE NN EAE R AR s A R AR R R AR RA R R EE T A

Phal i s hansa s masaiaanss
L LT G

Wax, bee's....ouvernsianis

1775
359
634
834
529

70
1375
960
451
217
825

772
861
316

45-50

LT B s thepee by, Il 412 773
TABLE 19.—BOILING POINTS.

. T
Aleohol, absolute i o5 1'?*54‘
Ammonia, anhydToUS. . v ceseenasserimsensan i —335 —373

nitrate, satur, solution . 164 327

Barium chloride, satur. solution .. S 104-4 20
Hlsqumde of uarhun ...................................... 47-0 1166

Benzene .. y s0-4 1;?
Bromine .. 63-0 1454

Calcium chloride, satur, solution ......cocoieennns
66 per cent. solution...........

83 per cent. solution

---------------

1795
156
128

3551
312:8
262-4
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BOILING POINTS.—Conlinued,

Calcium nitrate, sa.tur scrlutmn 152 3056
G&Ibﬂ'ﬂ dlﬂIldE ITTEE ] (LR B R NE A RS EE AR E AN N R B -""-8 ‘_1%

Et‘hﬂ L L N N T R IR AR L R R I 35 95
Hydrochloric acid, 202 per cent. HCI ......coeovurn. 110 230
ERICLITNE ' fu i binici saiivn s s 3 s mh Kb Vi e s tus sanncs s RS 200 392

Methylie a.lmhcl GO 140

Naphthalene... R e S e 217 422-6
Nitric acid, most concentrated 86 1868
specific gravltylei‘z 121 - 249-8

Nitrous anhydride .. -2 284
Tl AR S o e D A I Wi SR —85 —126
LR s a [ e Mo e S s 1 ) 28 82-4

Potassium chloride, satur. solution ..........eeeenen 110 230
chlorate, satur, solution ........corerssees 105 291
acetate, satur. solution ......cvvveeeeensenss 1694 836:9
carbonate, satur. solution.................. 135 275
nitrate, satur. solution ..u..ovvvrirsreenss 118 244-4

Sodium chloride satur. solution ...cvevvevrieureeranse 1084 2271
acetate 0" 124-4 2550
carbonate ,, A 106 222-8
phosphate ,, E 106-6 2238
nitrate NS s s et | Y108 2516

Sulphur.. 448 838

Sulphunc a.md HESD; 326 6183

an]aydrldea. R i Y i TR B ik e M s 15 B9

Rilphurons anERAride ....cuomssiescnn ool | 10 14

Turpentine, spirits of........ ..., Tah e s aBe anl h Sl 160 320
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TABLE 20.—REDUCTION

OF THE VOLUME
I. Table for reducing the volumes

OF

o et ot ot o e e
Pkl RO E ek n— cORNIS MR- ‘ <

25

lﬂ-

%3

5:1

B‘D

-0

Bﬂ'

ﬂ'.‘.!

107

[FI

0°996
1993
2-989
3985
4°082
5078
6974
7970
8967
9963

10096
1196
12'95
13-95
14°95
15:94
16:94
17:93
1803
1993
20°93
21:92
22-02
23-92
2491
2591
2690
a7:90
2390
29-89
30°89
3188
3288
3588
3487
35°87
36°87
3786
3886
39°85
4085
41°85
4284
43-84
44°84

4583
46°83
4783
4582
49-82

maou O s Sk s o
Sehed Ea_ﬁﬁg
0 O L2

200
oy oY=

0-982
1964
2:946
3928
4910
5892
6874
7 556

9820

1080
1178
12-76
1375
1473
1571
1669
1767
1865
1964
20062
21'60
22'58
25506
2455
2553
26°52
27°50

20046
3044
5142
3240
33°38
3437
35°35
5633
3782
3830
39°28
40°26
41°24
4322
43°20
44°19
4517
46°15
4713
4812
4910

0978
1-957
E'HSEr
5914
4°893
5871
6:850
7°823
8507
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10°76
11-74
12-72
13-70
1463
1566
16°G1
17-61
18-59
19°57
2055
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23'51
23°48
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Eﬁ 42
27 41]
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3034
3132
32:30
3827
3425
35°23
3621
37°19
358°16
30°14
40-12
41°10
42-08
4305
4403
4501
4599
46°97
4795

4803

0975
1950
2-925
3900
4'876
5850
6825
7800
8775
9750
10°73
11'70
12:68
15-65
1463
1560
16°58
17°55
1853
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20°48
21°45
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2340
24-38
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2633
a7 3{]'
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3218
3315
3413

35710
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3705
35303
3900
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4095
41°93
42:90
45-88
4485
4583
4680
4778
4875

0972
1-043
2915
5880
4858
5830
6-801

o o

NI

574

9716
10069
11'G6
12°63
153:G0
14°57
1555
16°52
1749
15846
19-43
20040
21:37
22-35
2332

24:29
25°26
26-23
2720
2817
2015
30°12
38109
3206
83°03
3401

3408
35'05
3692
3789
3886

3083
40°80
4178
42°75
4372
44°69
4566
4663
4760
4858

=28
=S

3872
4'841
5809
ﬁ YK
7745
8713
0651

1065
11°62
1259
1355
14°52
1549
16°46
17-43
15839
19-36
20°33
2130
23 26

24°20
2517
26°13
2710
2307
2904
3001
30°93
3194
3291
33°88
34'85
3582
3679
38775
35872
39 ﬁﬂ

4162
42°59
43°56

4453
4550
46°47
4744
4841

.
(=R = Ro ol For SR - Ll e
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GASES TO NORMAL TEMPERATURE AND PRESSURE.

of gases to a temperature of 0° C,

nﬂ-

1.'_"

29

3':'

_10

5’0

ﬁﬂ

El.‘.l
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10°

89:
90

91
93
93
94
95
96 |
9?
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100

2082
al81
5281
83781
o480
5580
b EI]

5879
59°78

6073
1 G178
6277
| 6377
6476
G576

G675

- G2 b = S

o Bl Y et o o ey
b B B LN N PG

BD ED BD 05 05 i

S o

| 9664
9764
9864
| 99°63

7043

i ot ot Bt B S D6 D0 PO
S YT ST e R I e
LEELH G555

€2 0o ~1 G o

o OFy £ &3 2
1T oy
Ll £ E;t"h'l'l:

oo

St
o5 ¢ o
185

53'37
2035
6034
G153
62-32
63°31
6430
65°29
6627
67°26
6825
G9-24
70023
7122
7221
73°20
7419
75'18
76°17
7715
7814
(13

80-12

81°'11
8210
83°09
8408
8507
8606
8705
8804
8902
9001
91°00
9199
92-98
9397
94°96
9505
0693
9792
9591

50°26
ol25
5324
5323
5421
5519
56°18
o7 16
58715
59-13
60-12
G110
G209
G307
G406
G504
6603
6702
6801
G899
6998
7096
7195
7293
7892
7490
7589
7687
7786
7885
983
8082
81°81
8279
8378
8476
8575
86 FB
B772
85870

-80°69

9067
9166
9264
9363
94-61
09560
09658
9757
98'56

50°08
5106
5205
5303
5401
5499
55797
5695
793
5802
59°90
6083
G186
6284
G3°83
E-I- 81
G579
66 ?T
67°75
G874
6072
7070
7169
7266
78G5
7463
7561
7659
77758
7556
7954
80°52
8151
8249
8347
8445
8543
86-42
8740
8538
89-36
90-34
91:33
9231
93°29
9427
95'25
96" E‘rlu
9722
EIB'EIZI

4991
5089
5187
5284
5382
54°80
oo 78
5676
a7 74
5871
5969
HIN
G1:Ga
6263
G361
64'58
65° 56

67 n"
6850

69°48
70046
7144
7241
73°39
74:87
7985
76'33
7731
7823
79°26
8024
81-22
82-20
8317
8415
85°13
86-11
8709
8807
8905
9003
9101
91°98
92°96
93°94
94°92
95°90
9687
9785

4955
5052
5149
5346
5544
bddl
55'38
5635
5732
5330
5927
G024
61'21
63218
6315
6413
6510
66°07
G704
G801
6508
6995
7093
7190
7287
7884
74°81
75°78
7675
7773
7870
7967
8064
81'61
82 :E-S
8355

84- ::-3
8550
8647
8744
5341
89'33
9036
09133
9230
09327
9424
9521
9618
07°16

4938
alr35
5131
52-28
53°25
54°22
5a'19
5615
57°12
5809

59°06
6003
6099
6196
6293
6389
64°86
6583
66-80
67°77
6374
6971
7067
7164
7261
73°58
74'55
7551
7648
T4
7842
7939
80°36
8132
8229
8326
8423
8520
8616
87°13
8810
89-07
9003
9100
91-97
9294
9391
9487

96°81

4921
o017
0113
5210
5306

a3
54°99
50°06G
56-93
57°88
58°85
59°81
6077
6174
6270
6G3°67
6463
G560
G656
6753
6840
6946
7042
7139
7235
7532
7428
7525
7621
77°18
7814
711
8007
8104
8200
83-97
S3°03
54°90
8586
8682
8779
8875
8072
90°G8
9165
9261
0367
94-54
95°50
9647
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REDUCTION OF THE VOLUME OF GASES TO
Table for reducing the volumes of gases

el e | 120 | 130 | e | 150 | 160 | 172 | 18° | 190 | 20° | 0°
1| 0961l 0958 0055 0951 0048 0045 0941 0938 0035 0932 1
5| 14923 1016 1-000| 1:003| 1896 1-889| 1883 1676 1869 1864 2
3 | osst| 2874| 2864 2854 2844 2834 2824 2815 2805 2795 3
3 | 3815 380 a-s18| 3-805| 8702 3779| 3766 3753 3740 8727 4
5| ase| 4790 4773 4757 4740 4724 4707 4COL 4675 4659 B
o | 5768l 5747l 5728 5708 soss| 5e6s| 5048 5620 5609 5501 6
7| 6720 6705 G682 €639 6636 G613 6590 6567 G544 G5B 7
£ 7600 7-663| 7-637] 7610\ 7:534| 7'558| 7:831| 7'506( 7479 7454 8
o | 8052 8621 5391 8562 8532 8502 8472 Bdas 8414 8336 9
10| 9613 9579 9516 9318 9450 9447 9-414| 9382 9349 9318 10
1 11057 | 1053 | 1050 | 10°46 | 10-43 | 10:39 | 1035 | 1032 | 1028 | 1025 | 11
15 | 11-85 | 1149 |11-45 | 11+42 | 11°38 | 11-33 | 11°30 | 11'26 | 11-21 | 11118 | 12
13 [ 12440 | 1945 | 1241 | 1236 | 1232 | 1228 | 1224 | 1220 | 1215 | 1211 | 13
13 [13+45 | 13-41 | 1536 | 1381 | 1327 | 13-22 | 1817 | 1313 | 13:08 | 1304 | 14
15 | 1149 | 1497 | 1432 | 1497 | 1422 | 1417 | 1412 | 1407 | 1402 { 1897 | 15
16 | 1588 | 1532 | 15°27 | 1522 | 1517 | 1511 | 15°06 | 15°01 | 1496 | 1401 | 16
17 | 16:34 | 1628 | 1623 | 1617 | 1612 | 1606 | 16:00 | 1595 | 15:89 | 1584 | 17
12 11730 | 17-24 | 1718 | 1712 | 1706 | 17-00 | 1694 | 1689 | 1682 | 1676 | 18
1o | 1896 | 18-20 | 1814 | 1807 | 1801 | 1795 | 1789 | 17°88 | 17°76 | 1770 | 19
50 | 1993 | 1916 | 19-09 | 1903 | 1596 | 18:89 | 18:83 | 1876 | 1869 | 1864 | 20
o1 | 2019 | 2012 | 2004 | 1908 | 1991 | 19'84 | 1977 | 1970 | 1962 | 1957 | 21
55 | 2115 | 3108 | 2100 | 2093 | 2086 | 2078 | 2071 | 2064 | 2036 | 2050 | 22
53 | 2211 | 2203 | 2195 | 21-88 | 21'80 | 2178 | 2165 | 2158 | 21'30 | 2143 | 23
53 | 2307 | 2209 | 22-01 | 2283 | 2275 | 2267 | 2259 | 22:51 | 2243 | 22:37 | 24
55 | 2103 | 23-95 | 2386 | 2378 | 2370 | 2361 | 2354 | 2345 | 2337 | 2330 | 25
o6 | 2500 | 2401 | 24:81 | 2478 | 24'65 | 2456 | 2448 | 24°30 | 24:30 | 24:23 | 26
57 | 9596 | 2587 | 2577 | 25°69 | 2560 | 2550 | 2542 | 25°33 | 2523 | 2516 | 27
of | 2602 | 26-82 | 2672 | 26:64 | 26'54 | 2645 | 2636 | 2627 | 2617 | 2609 | 28
59 | 27-88 | 2778 | 2768 | 2750 | 2749 | 2739 | 2730 | 27°20 | 27°10 | 2703 | 29
20 | 2884 | 2674 | 28:64 | 2854 | 2844 | 2534 | 2824 | 2815 | 2805 | 27°95 | 30
a1 | 20-80 | 2070 | 2059 | 29-40 | 2030 | 20-25 | 29-18 | 2009 | 28:99 | 28:87 | 81
53 | 3076 | 3066 | 3035 | 3044 | 30'34 | 30-23 | 3012 | 3008 | 2002 | 2981 | 83
33 | 3172 | 81°61 | 31-30 | 31-39 | 8128 | 3117 | 3106 | 3097 | 3086 | 3074 | 83 -
a1 | 32:68 | 3257 | 32-46 | 32:34 | 3223 | 3212 | 32:01 | 3190 | 3179 | 3168 | 34
95 | 33-65 | 3353 | 3341 | 33-30 | 3318 | 33:06 | 32:95 | 8284 | 3273 | 3261 | 35
26 | 3461 | 3449 | 3437 | 3425 | 3413 | 3101 | 33:80 | 3378 | 38:66 | 3354 | 36
37 | 8557 | 35'45 | 35°82 | 85°20 | 85708 | 34'95 | 84'83 | 34'72 34'59 | 3447 | 87
25 | 36:53 | 3640 | 3628 | 3615 | 36:02 | 8590 | 3577 | 35°66 | 8558 | 3540 | 88
50 | 37-49 | 3736 | 37-23 | 3710 | 36:97 | 36'84 | 36771 | 36:50 | 8646 | 36:34 | 89
%0 | 3645 | 3532 | 3818 | 38:05 | 3792 | 8779 | 3766 | 8753 | 87°40 | 37-27 | 40
41 | 89+41 | 3928 | 8914 | 3900 | 3887 | 3873 | 38:60 | 8547 | 38:34 | 3820 | 41
45 | 037 | 20-2% | 40-00 | 39-95 | 30°82 | 39°68 | 3954 | 39-41 | 8927 | 3913 | 42
43 14138 | 4119 | 4105 | 40°00 | 4076 | 4062 | 40°48 | 40-35 | 40°21 | 40°07 | 43
11 | 42:30 | 4215 | 42:00 | 41:86 | 4171 | 4157 | 41-43 | 4128 | 4114 | 41-00 | 44
45 | 43-96 | 4311 | 4205 | 4281 | 4266 | 42'51 | 42:37 | 4222 | 42:08 | 4193 | 45
a6 | 4490 | 4407 | 43-01 | 4376 | 43:61 | 4346 | 4331 | 4316 | 4301 | 4286 [ 40
47 | 4518 | 4503 | 4486 | 4471 | 44°56 | 4440 | 4425 | 4410 | 43'94 | 4379 | 47
15 | 1014 | 4598 | 45:82 | 4566 | 4550 | 4535 | 4519 | 4504 | 4488 | 4472 | 48
40 | 4710 | 3603 | 4677 | 46'61 | 46'45 | 46:20 | 4613 | 45:07 | 45°81 | 4565 | 49
50 | 4807 | 4700 | 4773 | 4757 | 47-40 | 47-24 | 47-07 | 4691 | 4675 | 4659 | 50



NORMAL TEMPERATURE AND PRESSURE.

to a temperature of 0° C.—confinued.

a7

100

112

13°

14°

15°

16°

17°

18°

49-03
49°99
50°95
5101
5287
5384
5480
5576
EE'FE
5768
5364
59°6G0
G056
61'53
62°49
63-45
G441
65°37
G633
G7-29
6825
6921
70°17
71'14
7210

7006

7402
7493
75°94
76°90
77°86
7882
7978
8075
8171
82:67
8363
84'59
8556
8652
8748
8844
8940
9036
9133
932:29
93'25
9421
9517
96-13

4569
49064
50°59
51°55
52-50
5346
54°41
55°37
5632
5728
5823
59-19
G014
61°10
6205
63-01
63-96
64-92
65°87
66-82
6777
6573
69-68
7064
7159
7255
7351
7446
7541
76:37
7782
7828
7923
50°19
81°14
82-10
8305
84-01
8496
85'92
8687
8783
8878
8973
9068
9164
92-59
93-55
94:50
9546

4352
4947
50°42
5137
5233
5328
54°23
55'18
56-13
5703
5303
5808
59°03
G083
6184
6279
6374
64°69
G564
6659

-~ R S Tty e B e |
LR Selmoin
- I—'HEMW
HooUn oo o

=R

80°86

@30
5024
5119
52-14
55300
5404
54-93
5593
56°88
5783
5378
6972
6067
6162
62:57
6352
64-46
6541
G636
G67°31
68-26
6920
7015
7110
7205
75°00
7894
74'89
7584
7679
7774
7568
7963
80°58
8153
82-48
8342
8437
8532
86-27
87-22
8816
89-11
9006
91-01
a91-96
92-90
9385
94-80

4818
49-13
50°07
5102
51°96
52-91
5386
54-80
5574
56° GS

o763
5857
5952
6046
6140
6235
63°29
64:23
6518
66-13
6707
6802
6396
6991
7085
7180
7274
7969
7463
75°58
76°52
747
7841
7935
8030
8124
8219
8313
&4-08
8502
8596
86°91
87°85
88-80
8974

9069
o163
9255
9352

0447

4801
45895
4989
50°54
51'78
5272
53°G6
5460
5654
5648
5742
5336
59-30
6025
61°19
6213
63:07
6401
G4:95
6500
66-84
67°78
68-72
69-G6
70:61
71:55
7249
753°43
74-37
7531
7625
77°19
7813
79°08
80°02
8006
8190
8384
8378
8472
85°66
86-G0
8754
85849
8943
9037
91-31
9225
93-19
94:14

4785
4879
4973
5066
51°60
52-54
53°48
542
SRR
56°29

57-23
58'17
5911
6004
60°93
61°92
6286
63-50
6473
6567
66-61
67°55
6549
6942
7087
71°30
7924
7318
7411
7506
76:00
7694
7787
78'81
7975
80°G9
8163
8257
83-50
8144
85'33
8632
87-25
8519
8913
9007
91-00
9194
9288
9382

o3
oo
[

S AT ST STSTSTSTAT

SICRIER B 0o bo

GEE GBS
e I 1

8552
89°45
90°38
9131
092-24
9318

93
99

100
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REDUCTION OF THE VOLUME OF GASES TO
Table for reducing the volomes of gases

AR (T T R i Rl R o
1 0929 0926 0922 0919 0916 0913] 0910] 0907 0-904 1
2 1'857| 1851| 1645 1:839| 1'832| 1826, 1-820| 1814 1808 2
3 2786| 2777| 2767| 2758 2749 2789 2730| 2721l 2712 3
4 3714 3702 36900 3677| 3665 3652 3640 3628 3616 4
5 4643 4628 4612 4397 4581 4566 4551 4535 45200 5
6 5572 5558 5534 5516 5497 5479 5461 5442) 5424 6
7 65000 6479 G457 6'435 6418 6392 6371 6349 6328 7
3 7429 7-404) 7379 7-354] 7-330| 7'305| 7-281| 7256| 7232 8
0 8:357| 8330 8302 8274 8246 8218 8191 8163 8§136| 9
10 9236 9255 9224 9193 9162 9131 9101 9070, 9:040] 10
11 | 1021 | 10-18 | 10°15 | 10-11 | 10:07 | 10-04 | 1001 | 998 | 994 | 11
12 11°14 | 11-11 | 1107 | 11'03 | 10'99 | 10°96 | 10°92 | 10°88 | 10°85 12
13 12°07 | 1203 | 11°99 | 11-95 | 1191 | 11-87 | 11-83 | 1179 | 1175 13
14 | 13°00 | 12'06 | 1291 | 12:87 | 12:88 | 12-78 | 1274 | 1270 | 12:66 | 14
15 | 13°98 | 1388 | 1384 | 1379 | 13-74 | 1370 | 13°65 | 1361 | 1356 | 15
16 | 1486 | 1481 | 1476 | 1471 | 14°66 | 1461 | 14'56 | 1451 | 1446 | 16
17 1579 | 1578 | 15°68 | 1563 | 1558 | 15°52 | 1547 | 15642 | 1537 17
18 | 1671 | 16:66 | 16°60 | 1655 | 1649 | 1644 | 16'38 | 16'33 | 16:27 | 18
19 |17:64 | 1758 | 1753 | 17-47 | 1741 | 17°35 | 1729 | 1723 | 1718 | 19
o) | 1857 | 1851 | 18'45 | 1839 | 1532 | 18'26 | 1820 | 1814 | 1808 | 20
91 | 19°50 | 1943 | 1937 | 1931 | 1921 | 1917 | 19-11 | 19-05 | 1898 | 21
22 | 2043 | 2036 | 20-29 | 2023 [ 20-15 | 20-09 | 20-02 | 1995 | 1989 | 22
23 | 2136 | 21-29 | 2121 | 2115 | 2107 | 21:00 | 20°93 | 2086 | 2079 | 23
94 | 2298 | 22-2L | 22'14 | 22:07 | 21'99 | 21-91 | 21-84 | 2177 | 2170 | 24
95 | 2321 | 23-14 | 23°06 | 2299 | 22-90 | 22-83 | 2275 | 2268 | 2260 | 25
96 | 2414 | 2406 | 23'98 | 2391 | 23-82 | 23-74 | 23°66 | 2358 | 2350 | 26
97 | 2507 | 2499 | 24'90 | 24-83 | 2473 | 24:65 | 2457 | 2449 | 2441 | 27
98 | 2600 | 2591 | 25'82 | 25:74 | 25°65 | 25°57 | 25°48 | 2540 | 2531 | 28
29 | 26'03 | 26°84 | 26'75 | 26:67 | 2657 | 2648 | 2630 | 2630 | 2623 | 29
30 | 2786|2777 | 2767 | 2758 | 2749 | 27'39 | 27°30 | 27-21 | 2712 | 30
31 | 2879 | 2870 | 2859 | 28-50 | 2841 | 2830 | 2821 | 2812 | 2802 | 31
32 | 2972 | 2062 | 20'51 | 2942 | 2932 | 29-22 | 29-12 | 20°02 | 2593 | 82
33 | 8065 | 3055 | 3044 | 30-34 | 30-24 | 3013 | 3003 | 2993 | 29-83 | 33
34 | 3157 | 3147 | 3136 | 31-26 | 31-1G | 31°04 | 3094 | 3084 | 30-74 | 34
35 | 3250 | 3240 | 3228 | 32'18 | 32:07 | 81'96 | 3185 | 31'75 | 31'64 | 85
86 | 8343 | 3332 |'33:20 | 8310 | 8299 | 82:87 | 3276 | 3265 | 8254 | 36
37 | 848G | 3425 | 8412 | 8402 | 83'90 | 3378 | 8367 | 3356 | 8345 | 87
38 | 3529 | 3517 | 3505 | 8493 | 34'82 | 3470 | 8458 | 3447 | 34'35 | 38
30 | 36:22 | 36:10 | 35°97 | 8585 | 8574 | 85°61 | 85'49 | 3547 | 3526 | 39
41) 37°14 | 37°02 | 3690 | 3677 | 8665 | 3G'52 | 3G'40 | 36°28 | 36'16 | 40
41 | 3807 | 87°95 | 37°82 | 37'69 | 8757 | 3743 | 37-31 | 87°19 | 3706 | 41
42 | 89-00 | 3887 | 38:74 | 3861 | 3848 | 88'35 | 3522 | 38:09 | 3797 | 42
43 | 3993 | 3980 | 80°66 | 3953 | 3940 | 39°26 | 3913 | 3900 | 3387 | 43
41 40085 | 4072 | 40059 | 40°45 | 40°32 | 40°17 | 40°04 | 3091 | 3978 | 41
45 41°78 | 4165 | 40°51 | 41'37 | 41°23 | 41709 | 40:95 | 40'82 | 40-63 | 45
46 | 4271 | 42°57 | 4243 | 42:20 | 42-15 | 42:00 | 4186 | 4172 | 4158 [ 46
47 | 48:64 | 43:50 | 4335 | 43-21 | 43:06 | 4291 | 4277 | 4263 | 4249 | 47
43 | 44'57 | 4443 | 4427 | 4412 | 4398 | 43'83 | 4363 | 43'54 | 4339 | 48
49 | 4550 | 45°85 | 4519 | 45°04 | 44°80 | 4474 | 4459 | 4444 | 4430 | 49
50 | 4643 | 46'28 | 4612 | 45-97 | 45°S1 | 45°60 | 45'5L | 45°35 | 4520 | 50
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NORMAL TEMPERATURE AND PRESSURE,

to a temperature of 0° C.—continued.

0° 21° 22° 23° 2° 25° 26° 27° 28° 2g° 0°
51 47-36 | 47°20 | 47°04 | 46°80 | 46°73 | 4657 | 46°42 | 46°26 | 46°10 | 51
52 45°29 | 458°13 | 47796 | 47°81 | 47°64 | 47°49 | 47°33 | 47°16 | 47701 | 52
53 49°23 | 49°06 | 4389 | 48'73 | 48'56 | 4840 | 4524 | 48:07 | 4791 | 53
54 5014 49°98 | 4981 | 49°65 | 49°48 | 4931 | 49°15 | 48'98 | 48'82 | 54
59 51°07 | 5091 | 50073 | 50°57 | 50°39 | 50°23 | 50°06 | 4989 | 4972 | 55
56 5200 | 5183 | 51'65 | 5149 [ 51-31 | 51'14 | 5097 | 50:79 | 5062 | 56
b7 6293 | 52-76 | 52'58 | 5241 | 52-22 | 52:05 | 5188 | 5170 | 5153 | 57
58 5386 | 53°68 | 53°50 | 5332 | 53'14 | 52'97 | 52'79 | 52'61 | 5243 | 58
59 5479 | 5461 | 5442 | 5424 | 54'06 | 53°88 | 563°70 | 53-51 | 563'34 | 59
60 5372 | 5553 | 5534 | 5516 | 5497 | 5479 | 54°GL | 5442 | 5424 | GO
61 5665 | 56°46 | 56'26 | 56°08 | 55'89 | 5570 | 55'52 | 5533 | 5514 | 61
63 97°568 | 57°38 | 57°19 | 57°00 | 56°80 | 56'62 | 56'43 | 5623 | 5605 | €2
63 5851 | 58'31 | 6811 | 57-92 | 57'72 | 57°53 | 57°34 | 57'14 | 5695 | 63
64 9943 | 5923 | 80-03 | 5884 | 5864 | 58'44 | 5825 | 5805 | 57'86 | G4
65 6036 | 6016 | 59°95 | 5976 | 59°55 | 5936 | 59°16 | 5896 | 5876 | 65
66 61°29 | G108 | G0-87 | 6068 | G047 | 60°27 | G007 | 5986 | 5966 | 66
67 6222 | 6201 | 61°79 | 6160 | 61°38 | 61'18 | 60°98 | 6077 | 6057 | 67
68 6315 | 6293 | 6272 | 6251 | 6230 | 62'10 | 6189 | 6163 | 6147 | 68
69 6408 | 63:86 | 63°G4 | 63°43 | 63°22 | 63°01 | 6280 | 6258 | 6238 | 69
70 6300 | 6479 | 6457 | 6435 | G413 | G3'92 | 63°71 | 6349 | 6328 | 70
71 65°93 | 6571 | 65°49 | 65-27 | 65°05 | 64'83 | 6462 | G440 | 6418 | 71
72 66°86 | 66:64 | 66'42 | 6619 | 6596 | 65°75 | 6553 | 6530 | 6509 | 72
73 6779 | 67°57 | 6734 | 6711 | 66°88 | 66°66 | 66°44 | 66:21 | 6599 | T3
74 6861 | €849 | 65°26 | 6803 | 67°80 | 67°57 | 67-35 | 67°12 | 66'90 | T4
7o 69°G4 | 6942 | 69°18 | 6895 | 6871 | 6349 | 6926 | 6803 | 6780 | 75
76 | 70°57 | 70r34 | 70°10 | G9°87 | 6063 | 6940 | 69-17 | 68'93 | 6870 | ¥6
77 7150 | 7127 | 71003 | 70079 | 7054 | 70°31 | 7008 | 6% 34 6961 | 77
78 7243 | 72°19 | 7195 | 71°70 | 7146 | 7122 | 7099 | 70075 | 7051 | 78
79 78'36 | 78°12 | 7287 | 7262 | 7238 | 7214 | 71'90 ?1'65 ?1‘42 79
&0 7420 | 7404 | 7379 | 7354 | 7330 | 73706 | 7281 | 72'56 | 7232 | 80
81 75°23 | 7497 | 7471 | 7446 | 7422 | 78396 | 7372 | 7847 | 7322 | 81
82 76°15 | 7589 | 75'G3 | 7538 | 75'13 | 7488 | 7463 | 7437 | 7413 | &2
83 | 77°08 | 76:82 | 76'56 | 7630 | 7605 | 75°79 | 75'54 | 7528 | 7503 | &3
&4 7800 | 7774 | 7748 | 77-22 | 76:96 | 76°70 | 7645 | 76:19 | 7594 | 84
85 7893 | 7867 | 7840 | 7814 | 7788 | 77°G2 | 7736 | 7710 | 7684 | 85
36 7986 | 7959 | 79°32 | 70°06 | 78'80 | 7853 | 7827 | 7800 | 7774 | 86
87 80-79 | 80°52 | 80°25 | 7998 | 7971 | 7944 | 79°18 | 7801 | 78G5 | &7
83 8172 | 8144 | 81'17 | 8090 | 80'63 | 8036 | 8009 | 79'82 | 7955 | 88
80 82:65 | 8237 | 8209 | 81'82 | 81'56 | 81°27 | 8100 | 8072 | 8046 | 89
90 83'57 | 8330 | 83°02 | 8274 | 82-46 | 8218 | 8191 | 851°G3 | 813G | 90
91 84-50 | 8422 | 83-94 | 8366 | 83°38 | 8309 | 8282 | 6254 | 8226 | 91
93 8543 | 8515 | 84'86 | 84'58 | 84'29 | 8401 | 83°73 | 83'44 | 8317 | 92
93 8636 | 8608 | 8579 | 8550 | 85:21 | 84'92 | 8464 | 84:35 | 8407 | 93
94 B7°28 | B7°00 | 86:71 | 8G'42 | 8613 | 85'83 | 85°55 | 8526 | 8495 | 94
95 88:21 | 87°93 | 87°63 | 87°34 | 87°01% | 86'75 | 8646 | 86'17 | 8588 | 95
96 89-14 | 8885 | 88'55 | 88'26 | 87'96 | 87°G6 | 8737 | 87°07 | 8678 | U6
97 90°07 | 8978 | 89'48 | 80°18 | 88'87 | 8857 | 8828 | 87°U8 | &7 69 a7
98 91-00 | 90-70 | 90-40 | 90-09 | 8979 | 80-48 | 8919 | 8889 | 8859 | U8
99 91°93 | 9163 | 9132 | 9101 | 9071 | 9040 | 90-10 | 8979 | 8950 | 99
100 92:86 | 92'55 | 92'24 | 9193 | 91'62 | 91-31 | 91-01 | 90-70 | 9040 | 100
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TABLE 21.—REDUCTION OF VOLUMES OF
Deduct from the pressure read off at the barometer 1 mm. for temperatures

~1
=]
=

|

L O0~I S O 5 LD

710

712

714

716

718

720

722

728

760

0934
1868
2:803
5738
4672
5607
6540
7474
8409
9:34
10-28
11-21
12-14
1308
1402
14:95
1588
1682
17°76
1868
1962
2055
2149
92-43
23°35
24-29
2523
2616
2710
2803
28:97
20-90
30°83
8177
3271
3364
3457
8550
36-44
8738
38:31
39-23
40°18
4111
4205

42-08
4391
4-1 S84

78
73

b s |

EE’:

0957
1-874
2:310
5747
4685
07621
6:558
7°494
8431
937
10-31
11:24
12'18
1512
14-06
14-99
15°93
16-87
17°81
1874
1968
2061
2155
22'49
2342
24:36
2530
2623
27°17
2510
2001
2008
o0-91
31-85
3279
3373
3466
3560
3654
3748
3841
89°35
40°29
41°22
42°16
4310
4403
4496
4501
46°85

ﬂ 940

E"ﬂ '

2:818
3758
4697
5637
6577
7:516
8456
9:40
10-34
1127
1221
13°16
14:10
1503
1598
16-92
17-86
1879
19-73
2067
2161
22-55
2349
2443
2537
2630
2724
2518

29-12
5006
5100
3194
3288

33-82
3476
35770
3664
37708
38563
30°46
40°40
41°34
4328
4323
4415
4509
4604
4697

0942
1-854
2-826|
87068
4711
5653
6°505
7587
8479|
042
10°36
11-30
12-24
13°19
1413
1507
16-02
16:96
17-90
1584
19-78
20072
2166
22-61
33.# =

2450
2544
26-37
2731
2826
29-20
30°14
31-08
3203
3297
35°01
34°86
35°80
3674
3768
2862
3957
4051
4144
43°39
4334
44-87
45°22
4617
4711

0-945
1-890
2634
3779
4724
5°G6Y
6614
7558
8503
045
10°39
11-34
12-28
13-23
1417
1511
1600
17-01
17°95
1890
19-84
2078
2173
22:G8
2562
24'57
2551
2645
740
2534
29-29
a0 23
8l°17
32-12
3507
3401
8406
8590
306°85
3779
3874
3969
4062
41'56
4252
4546
44-40
4535
4630
4724

0-947
1'805
2842
3 .fE'E‘L
4-736
5684
G631
7578
85526
047
10-42
1137
12-31
13°26
14-21
1515
16:10
1705
1800
1595
1990
2084
2179
297
23G9
2464
25°58
2653
27°48
25842
29-37
30°32
31°26
32:31
3316
24:10
35705
b 00
a6 95
3789
3884
34979
40'73
4163
4263
4358
44°52
4547
4542
4736

0950
1:900|
9850
3800
4750
5700
6650
7600
8550
950
10°45
11-40
12-35
1330
1495
15°20
1615
17-10
1805
19:00
19-95
2090
21'85
9380
9375
2470
9565
2660
2755
9350
920°45
30°40
31-35
39-30
3325
3430
853°15
3610
3705
3800
3895
39-90
40°85
4180
4273

4370
44'55
45°G0
4655
4750

0-938
1916
2-874
4832
4790
5747
6705
7663

8621

9-58
10°54
11-50
12-45
1341
1437
1533
16-28
1724
1821
19°16
20-12
2107
2203
2299
2395
2490
2586
26-82
ar-78
2874
2970
3066
3161
3257
23'53
3449
8545
a6 4
3737
3532

3928
40°23
41-19
42'16
43°11
4406
4503
45'98
4G94
4790

ek ot ot b el
OO O e COBD = S 00~T 0 O W O3 bD
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GASES TO A PRESSURE OF 760 MM.
bet. 0° and 12° C., and 2 mm. bet. 13° and 19° C., 3 mm. bet. 20° and 25° C.

760 710

712

716

718

722

=7
| 5]
Lo E]
=T
=]
=

5l | 47°65
53 | 48'58
53 | 49'52
ol | 50045
65 | 5138
56 | 52-32
57 | 53725
58 | 5419
59 | 55'13
60 | 5607
G1 | 5700
G2 | 5793
63 | 58-87
Gi | 5950
65 | G074
GG | 6167
G7 | 6260
68 | 6354
69 | 6447
70 | 6540

=7

o
bl B ot et o o
Tl =

&
=¥
=
=]
=

86 | 80°34
87 | 8128
88 | 82-21
89 | 8315
90 | 8409
91 | 8502
92 | 8595
93 | 8689
94 | 87:82
95 | 8876
96 | 8969
97 | 9062
98 | 91°56
99 | 92:49
100 | 9342

4779

4872 | 48

4066 | <

50°59
51°53
532-47
5341
54'34
5528
56°22
5715
5300
59-03
59-96
GO-90
ﬁl‘&i

277
63 .rl

65°58
6652
6746
6839
69'33
7027
T1-21
72°14
7307
7401
74°04

7588
"'G 82
7776
i G‘B
i i 63

805

81 ﬂﬂ
82-44
83-38
84-31
8525
8619
8712
8506
859-01
80-04
9087
0182
9275
93-68

4805
4899
49-93
50-87
51:82
5276
5370
5464
5559
5653
5747
5841
5935
60°30
61-24
6218

6406
65°01
6595
66°89
67°83
6877
6972
70°G6
7160
7254
7948
74°42
?5‘3?
7631
77°25
758:19
7913
80-08
8102
8196
82 090
8385
84'79
857

86°6G8
87°62
8356
§9-50
90°45
91-38
92-33
93-26
04-21

4518
4913
50707
5101
51'96
52:91
5385
5479
5574
56'69
5763
5858
59'52
6047
6141
62-35
63-30
6424
6519
G614
67°03
65802
6597
6992
7086
71°80
7275
73:69
7463
7558

7653

7747
75841
7935
80-31
81-25
5219
83713
5408
8503
8598
8692
8787
5581
5075
9070
9164
02'59
0353
94-47

4845
4940
50°35
5130
6225
5320
54°15
55°10
56°05
5700
5795
5890
5985
6050
6175
6270
63 G:J
64 G0
6555
6650
6745
6540
69°35
7030
7125
72:20
73715
7410
75°05
76:00
"G 95

Ell]'

79°80
8075
8170
8265
5360
8455
8550
8645
8740
8885
89-30
90-25
91-20
9315
93°10
9405
9500

&

=

b |

oo
[ WL R B A
S GS L =

(=13
-
&
v
5

il

=7

(w1 ]

=

<i
00 COI~T=T~] ~7
= SUwNS ot

00 go =T~
D
M= e CFr g
HE':H—-
on on OO o
’;rlH.—HEb:'

]

]
oD 0o oD
W1 O

85'25 | 89
8621 | 90
87°17 | 91
8813 | 92
8908 | 93
9004 | 94
91-00 | 95
91-95 | 96
92-91 | 97
93-87 | 98
94:83 | 99
95°79 100
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REDUCTION OF VOLUMES OF GASES
Deduct from the pressure read off at the barometer 1 mm. for temperatures

=

730 | 732 | 734 | 736 | 73 ] 740 | 743 | 744 | 746 | 748 |760

g7 s
0-961 0-963 0066 0968 0971 0974 0976 0970 0-982| 0984

=l hs f=-R - FES E

1921
2:889)
3:842
4503/
5763
6724,
7681
8645
961
10°57
11°53
12-49
1345
1441
1537
1633
1729
1825
19-21
2017
21-13
2909
2303
2401
24-97
9593
2689
27°85
23-82
2078
30°74
3170
3266
33:62
3458
3554
3650
3747
8542
39-58
4034
4130
49-97
43-92
4418
4515
4610
4706
4803

1-936
2-889
3852
4°816
5779
G742
7705
8668
963
1059
1156
1252
1348
14-44
1541
16-37
1733
1820
19-26
20-22
21°19
22-15
23-11
2407
2504
2600
2696
2792
2589
2986
3082
31°78
82775
3371
3467
3563
3660
37°57
3352
59-48
4044
4141
42-38
4334
4430
45°26
46°23
4719
45°16

1:932
2-808
3864
4-830
2796
6762
7'728
8693
966
1062
1159
1255
13:52
1448
1545
1641
17:38
18'35
1932
2028
2185
2221
25-18
24-14
2511
26°07
27:04
2500
2897
20-04
091
3187
3284
43°80
3177
3073
36:70
3767
3864
39°60
4056
4153
4250
4346

44-42
4539
46°36
4732
4530

1-937
2005
3874
4-842

5810|

6779
7747
8716
968
1065
11-62
12°59
1356
1452
1549
1646
1743
1840
19-37
2034
21-31
22-97
23:24
24°21
2518
26°14
2712
2803
29-03
3002
30°99
31:96
3293
3389
34°86
3583
3680
37°77
3874
3971
4068
41°G 1
42:62
43'58
44-54
4352
46°49
4744
4842

1'542
2013
3°884
4855
5826
6797

|

7768

8739

971
1068
11°65
1262
15°59
14°56
1558
1650

747
1845
19-42
20-39
2136
22-33
2530
2427
2524
26-21
27°18
23:15
20°13
8010
3107
3204
S5:01
5398
5495
35°92
3690
3787
3884
39'81
40°78
41'75
42:73
4369
4166
4564
4661
4757
48'55

1-047
2921
3895
4808
0842
6°516
7790
8'763
074
10-71
1163
12°G6
13-G3
14°60
15°58
16°55
1752
1850
1947
20044
2142
22-39
25-36
24'34
2531
26°28
2726
2823
2021
30°18
51°15
32:13
33°10
3407
3505
36°02
37700
8707
83'95
3992
4089
41'86
42-84
4381
44-73
457
46°73
477
45°G3
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TO A PRESSURE OF 760 MM.—Continued.

between 0°and 12° C.,2 mm. between 13°and 19° C., 3 mm. betwaen 20° and 25° C.
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REDUCTION OF VOLUMES OF GASES
Deduct from the pressure read off at the barometer 1 mgp. for temperaturea

760, 750 | 752 | 754 | 756 | 758 | 762 | 764 | 766 | 768 | 770 | 760
1| 0987 0989 0992 0995 0997 1003 1:005 1-008] 1°011] 1-018 1
2| 1974) 1979 1°934] 1989 1995 2005 2011 2016 2021 202 3
3 | 2960 2968 2-976| 2934 2992 3:007| 3016 8024 3032 3039 3
4| 3947 3958 3968 3979 3-990 4010 4021 4032 4042 4052 4
5| 4934 4047 4960 49?41 4987| 5013 5026 5040 5033 5066 5
6| 5921 5037 5952 5068 5984 6016! 6032 6047 6063 6079 G
7 | 6008 6926 6911 6063 69082 7018 7037 7055 7074 7092 7
8| 7894 7016| 7'936| 7-058 7979 8021 8042 8063 8084 8105 8
9 | 84881 8905 8920/ 8952 8977| 9023 9045 9071 9095 9119 9
10| 987 | 989 | 992 | 995 | 997 | 1003 | 1005 | 1008 | 10-11 | 1013 | 10
11 | 1085 | 10-88 | 1091 | 1094 | 10-97 | 1103 | 1106 | 11°09 | 11-12 | 1114 | 11
12 (11°84 | 11°87 [11-90 | 11-94 | 1197 | 1204 | 12-07 | 1210 | 1213 | 1216 | 12
13 11283 [ 1286 [12-89 [ 1293 | 12:96 | 13-04 1307 | 13°10 | 13°14 | 1217 | 13

14 113°82 | 1385 | 1388 | 1392 | 13'96 | 14-04 | 1407 | 1411 | 1415 | 14°17 | 14
15 |14:81 | 14°84 | 14°87 | 14°92 | 14°96 | 1504 | 15°08 | 15°12 | 1516 | 15°19 | 15

16 | 1579 | 1583 | 1587 | 1591 | 1595 | 16:05 | 16709 | 16'13 | 16:17 | 16°21 | 16
17 [ 16°78 | 16'82 | 1686 | 1691 | 16'95 | 17:05 | 1709 | 17°14 | 17:18 | 17-22 17
18 | 17°77 | 17-81 | 17°85 {1790 | 17°95 | 18:05 | 1810 | 1815 | 1819 | 1823 | 18
19 | 18-75 | 18°80 | 18-85 | 1890 | 1895 | 19:05 | 19:10 | 1915 | 1920 | 1925 | 19
20 | 1974 11979 | 1984 | 19°89 | 1995 | 20:05 | 20°11 | 20°16 | 20°21 | 20026 | 20
21 | 20072 | 20-77 | 2083 | 2089 | 2094 | 2105 | 21-11 | 21117 | 21-22 | 2127 | 21
28 [ 21'71 21'?6 21-82 | 21'88 | 21'94 | 22:06 | 22'12 | 2218 | 2223 | 22-28 | 922
23 | 22°70 | 2275 | 22'81 | 22-88 | 2294 | 23:06 | 2312 | 23-18 | 23-24 | 23-30 | 28
24 | 2369 | 23 ?4 23-80 | 23°87 | 23-93 | 2406 | 24'13 | 24°19 | 24:25 | 24-31 | 24
25 | 2467 | 2473 243!] 24°87 | 24'93 | 25706 | 25°13 | 2520 | 2526 | 25°32 | 95

26 | 25°66 | 25'72 79 | 25°86 | 2593 | 2606 | 2614 | 26-21 | 26°27 | 2634 | 26
27 12665 | 26°71 Eﬁ'?ﬂ 26°86 | 2693 | 2707 | 27°15 | 2722 | 27°28 | 27°35 | 27
28 | 27°G3 | 27°70 | 2777 | 27°85 | 27°92 | 2807 | 28-15 | 2823 | 28'29 | 2836 | 28
29 | 28'62 | 28'69 | 2876 | 27°84 | 28'92 | 20°07 | 2016 | 2924 | 20-30 | 29-37 | 29
30 | 20'60 | 20°68 | 2976 | 29'84 | 29°92 | 30°07 | 30°16 | 3024 | 30-32 | 3039 | 30

3l | 30'50 | 3067 | 80-75 | 80°84 | 30-92 | 31'08 | 31'17 | 81'25 | 3133 | 31-41 | 81
32 | 31'58 | 31°G6 | 3174 | 31'83 | 31'92 | 32'08 | 32-17 | 32'26 | 3234 | 32'42 | 32
33 | 32-56 | 3265 | 32'73 | 32'82 | 3291 | 3308 | 33'18 | 3327 | 3335 | 3343 | 33
34 | 3355 | 33'64 | 3373 | 3382 | 8391 | 3409 | 3418 | 3428 | 3436 | 3445 | 34
85 | 34'54 | 34°63 | 3472 | 34'82 | 34°0L | 3509 | 8519 | 35°28 | 3537 | 8546 | 35
86 | 35'52 | 35°62 | 3571 | 35°81 | 85'91 | 8609 | 36°19 | 3620 | 36-38 | 36'47 | 36
87 | 3651 | 36°G1 | 86'71 [ 36'S1 | 8690 | 3709 | 37°20 | 3730 | 87°39 | 3749 | 87
33 | 37°50 | 3760 | 37-70 | 37°80 | 3790 | 88'10 | 33'20 | 38:30 | 3840 | 3850 | 8

99 | 3849 | 38'59 | 38-G9 | 3880 | 3890 | 3910 | 39-21 | 39-31 | 3941 | 39-51 | 39
40 | 3947 | 39°58 | 39:G8 | 3979 | 8990 | 40°10 | 4021 | 40°32 | 4042 | 40 52 | 40
41 | 40°46 | 4056 | 4067 | 40°79 | 40°89 | 41°11 | 41'22 | 41°33 | 4143 | 4154 | 41
42 | 4144 | 41°55 | 4166 | 4178 | 41'89 | 4211 | 42-23 | 42:34 | 4244 | 49:55 | 42
43 14243 | 4254 | 42°G6 (4278 | 42'89 | 4311 | 43°23 | 4335 | 43'45 | 4356 | 43
44 (4343 | 43'53 | 43°G5 | 4377 | 4389 | 4413 | 44°23 | 44°35 | 4446 | 4458 | 44
45 (4440 | 4452 | 4464 |76 | 4488 | 45°12 | 4524 | 45°36 | 4547 | 45°59 | 45
46 | 4539 | 45751 | 45°G3 | 45°76 | 4588 | 46°12 | 46:24 | 4636 | 4648 | 46°G0 | 46
47 | 46°38 | 46°50 | 46°G3 | 4676 | 4688 | 47°12 | 47°25 | 47°38 | 47-49 | 47°61 | 47
48 | 47-36 | 47°49 | 47-62 | 47°75 | 47°87 | 45°13 | 48:35 | 48:39 | 4851 | 43'63 | 48
40 | 48°35 | 4848 | 48°G1 | 4874 | 48-87 | 49:13 | 49°26 | 49°40 | 49°52 | 49-G4 | 49
50 | 49°34 | 4047 | 49°G0 | 4974 | 49°87 | 5013 | 50°26 | 5040 | 50°58 | 50-G6G | 50
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A PRESSURE OF

45
760 MDM.—Continued.

between 0°and 12° C., 2 mm. between 13° and 19° C., 3 mm. between 20°and 25° C.
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TABLE 21e.—FACTORS FOR REDUCING A GIVEN VOLUME
OF GAS TO NORMAL TEMPERATURE AND PRESSURE.

0° Centigrade, and 760 millimetres, or 32° Fahrenheit, and 2992 inches
barometric pressure.

Centigrade, | 00 i 11 22 33 44 66 67 7B 890
Fahrenheil, 32° 34" 36° 39* 40" 43° 48 48" 48°
Milli-

In. | metre.

27°5| 698'5 | '9191 | ‘9154 | 9116 | *9079 | 9043 | 0007 | 8972 | 8036 | *8399
27°6| 701°0 | 9224 | 9188 | *9149 | 9112 | ‘9076 | 0039 | 9005 | '8069 | 'R032
27°7| 7036 | -9258 | 9221 | ‘9183 | ‘9145 | 9100 | ‘9072 | 2037 | '9001 | 8964
27°8| 706°1 | 9291 | 9254 | *9215 | 9179 | -0142 | -9105 | 0070 | -9034 | ‘8996
27°9| 7056 | "9325 | -9288 | ‘9249 | 9212 | 9174 | 9138 | ‘9102 | -9067 | 9029

|

28:0| 711-2 | -0358 | +9321 | 9282 | ‘9244 | 9208 | ‘9170 | ‘9135 | 0099 | -0061
28'1( 7187 | '9391 | 9354 | ‘9315 | ‘9278 9241 | +9203 | ‘9167 | -9131 | -9098
28'2| 7163 | '9425 | 9387 | ‘9343 | '9310 | -9273 | ‘923G | 9200 | ‘9164 | ‘9125
25'3| 718'8 | ‘D458 | -0421 | -9382 | -0344 | *9306 | -9269 | ‘9233 | -0197 | -9158
284 721'3 | 0491 | 0454 | 9415 | '9377 | *0339 | -0301 | 9265 | '9229 | 9190
285| 7239 | 0525 | 0487 | 9448 | 0410 | 0372 | 0334 | '9298 | ‘D262 | -9223
28'6| 7264 | 9558 | 05320 | -0481 | D443 | '9405 | 9367 | ‘9331 | -9204 | 9255
28°7| 7289 | 9592 | 9554 | "9514 | 9476 | ‘0438 | ‘0400 | 9364 | ‘9327 | -9287
28°8| 731°5 | 9625 | ‘0387 | ‘9547 | 9509 | 9471 | 0432 | 9396 | 9359 | 9320
28'9 | 734°0 | -9659 | 9620 | ‘9580 | 9542 | 9504 | 0465 | 9429 | 9393 | ‘9352
2000 | 736°G | 9692 | +9654 | "9613 | 9575 | 953G | -9498 | ‘9462 | ‘0424 | ‘0385
2011 7391 | 9725 | 0687 | 9647 | ‘9608 | 9569 | ‘0531 | ‘9494 | 0457 | 0417
292 | 741'6 | 9759 | -9720 | 0680 | 9610 | 9602 | 9563 | ‘9527 | ‘0489 | 9449
29°3| 744'3 | 9792 | 9753 | 9713 | ‘0674 | 9635 | ‘9596 | ‘9559 | ‘0522 | 9481
204 | 746°7 | 9826 | -9787 | 9746 | "9707 | ‘9668 | '9629 | ‘9592 | 9554 | 9514
29°5| 7493 | 9859 | 9820 | -0779 | -9740 | ‘9701 | -9662 | 9624 | 9587 | 9546
206 | 751°8 | '0893 | 9853 | 9812 | ‘0773 | 9733 | 9694 | ‘9657 | 9619 | ‘9578
2007 | 75643 | 9926 | 9887 | ‘9845 | 0806 | 9766 | 9727 | ‘9690 | 9652 | ‘9611
2008 | 756°9 | 9959 | 9920 | ‘9879 | 0839 | 9800 | ‘9760 | 9722 | 9584 | ‘9643
2000 7594 | 9993 | -9954 | 9912 | -9872 | 9832 | 0793 | 9755 | 9717 | ‘967
3000 7620 (10026 | 9987 | 9945 | 9905 | ‘9865 | 982G | -9788 | 9749 | -9708
30°L| 7645 (10060 |1:0020 | 9978 | 9938 | 0808 | 0858 | 9320 | 9782 | ‘9740
5021 767°0 (10093 |1°0053 [1-0011 | -9971 | 0931 | -9891 | 9853 | -9514 | 9773
80°3 | 7696 (10126 |1°00S6 |1:0044 (1-0004 | 9964 | 0924 | 9885 | 0846 | 9505
30°4| 772'1 | 10160 |1-0120 |1°0078 |1°0037 | 9997 | 9957 | -9918 | 0879 | 9837
3005 | {747 11°0194 [1+0153 11°0111 | 1'0070 [1'0030 | *9989 | 9950 | *9911 | 9870
306 | 777°2 |1°0227 |1°0186 | 1:0144 (1-0103 (10063 1:0022 | 9933 | 9941 | -9902
30°7 | 7797 |1°0260 [1:0220 |1-0177 |1°0136 [1:0096 |1-0055 |1:0016 | 9976 | 9935
S0°8 | 7582:3 (10294 |10253 [1°0210 |1°0169 (10128 | 1°0087 |1°0043 |1:0009 | 9967
3009 | 784'8 (10327 [1°0286 |1°0243 |1:0202 |1:0164 |1-0120 | 1:0081 |1-0041 |1-0000
31°0| 7874 |1-0360 [1'0319 |1:0276 |10235 |1°0194 |1-0153 |1°0114 | 10074 |1:0032
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FACTORS FOR REDUCING A GIVEN VOLUME OF GAS TO
NORMAL TEMPERATURE AND PRESSURE.—(Continued.

0° Centigrade, and 760 millimetres, or 32° Fahrenheit, and 2992 inches
barometric pressure.

Centigrade. 1000 111 12:2 13:3 144 156 16°7 178
Fahrenheit. &0® 5% 54 66° 6e? Go° G2 Gy
Milli-

In. | metre.
270 | 6985 | "BB67 ‘8832 | '8 9? 8763 8728 | 8695 ‘8661 ‘8628
276 | 7010 | 8900 3864 'SS 8795 8760 8726 "BOU3 ‘8660
277 | 7036 | 8932 *8897 *5561 3827 8792 ‘8758 | '8724 | ‘8691
278 | 706°1 | 8964 8928 | 85893 8859 ‘8523 8790 | 8756 8722
279 | 7086 | 8996 8960 | 8925 *8890 ‘B85S ‘8821 | 8787 87 04
280 | 711'2 | 9029 *85902 8957 8922 8857 ‘8853 | 8819 "8785
281 | 7137 | '90G0 | 9025 8089 ‘8054 ‘8019 | -8884 | -8850 | ‘8816
252 | 7163 | 9093 9057 | 9021 80956 8951 ‘3016 | -8882 8848
283 | 7188 | 9125 0089 53 0018 *S083 8048 8013 8879
284 | 721°3 | 9157 0121 0085 9050 0014 8079 *50945 ‘8011
285 | 7239 | '09189 ‘0153 ‘0117 0082 0046 09011 *8976 ‘8942
28'6 | 7264 | D222 ‘0185 ‘0149 ‘0114 | 9077 | 9043 9008 ‘8073
28'7 | 72589 | 93254 ‘9218 9151 0145 9109 | ‘9074 | 9039 0005
28'8 | 78156 | 9286 0250 9213 | 9177 0141 9196 | 0071 0036
28'9 | 7340 | 0318 0282 9245 0209 9173 | 9138 | 9102 D067
200 | 736G | 9351 0314 0277 0241 9205 0169 0134 | 9099
201 | 7891 | 9353 ‘0346 0309 9273 0236 0201 D165 0130
202 | 7416 | “M15 0378 0341 D305 ‘0268 0233 0197 ‘0162
293 | 7442 | ‘9448 9410 | 9373 | 9336 0300 0264 ‘0228 ‘0193
2004 | 746°7 | (9480 | 9443 | ‘9405 | 9368 | ‘9332 | 0206 9260 0224
205 | 7493 | 9512 ‘0475 0437 0400 | 9363 | ‘9328 | +9291 0256
296 | 7518 | ‘D544 ‘9506 0469 0432 ‘0395 09359 | 0323 9287
207 | 7548 | 9577 9539 | 9501 ‘0464 0427 0390 0354 ‘0318
208 | 756°9 | 9609 | -9571 | 9533 | 9496 | 9459 | -9423 0386 0350
299 | 7594 | 9641 9603 0565 9528 0400 | 9454 0417 0381
300 | 7620 79 0635 | 9507 0560 0522 0486 | 9449 ‘0413
301 | 7645 | ‘9706 “OG67 0629 0591 Dobd | 0617 0450 O:bbb
302 | 7670 | 9738 0700 | 9661 ‘0623 ‘0586 | -9549 ‘0512 0475
3803 | 7696 | 9770 078l 9603 9655 9617 | 9580 | -9543 0507
804 | 7721 | 9802 9764 | 9725 ‘0687 0649 | 9612 89575 ‘0538
305 | 7747 | 9835 9796 0757 9719 ‘0681 0643 0606 0569
806 | 7772 | '9867 ‘0328 0789 9751 0712 0675 ‘0638 0601
30:7 | 7797 | 9899 0860 ‘0821 0782 0744 0707 ‘0669 ‘0632
308 | 7823 | 9931 ‘0892 ‘0853 08156 0776 | 9738 0701 D664
400 | 7848 | 99638 09924 0885 0846 09807 | 9770 | 9732 0695
310 | 7874 | 9096 0956 0917 0873 0840 | -9801 0764 | 9726




FACTORS FOR REDUCING A GIVEN VOLUME OF GAS TO
NORMAL TEMPERATURE AND PRESSURE.—Continued.

0° Centigrade, and 760° millimetres, or 32° Fahrenheit, and 2992 inches barometric

pressure.
Centigrade. ‘ 159 20 211 22:2 233 244 250 26°7

Fahrenheit. I (i{i% 63° Fo® 7o T4 76" i B0°

Milli-
In. I metre.
27°6 | 6955 | 8595 5568 8530 ‘8408 ‘8466 ‘8435 ‘8403 8372
27°6 | 7010 | -8626 ‘Ba4 ‘8561 8529 ‘8497 *B465 ‘8434 8403
277 | 708'6 | 8658 8625 8592 ‘860 ‘8528 8496 ‘3464 ‘8433
278 | 7061 *SG80 8656 8623 8591 8559 ‘8527 8495 8463
279 | 7086 | ‘8720 8687 8654 8622 8589 8557 *B525 *8404

280 | 711-2 | -8751 | "8718 | '8685 | 8653 | 8620 | -8538 | '8556 | 8524
281 | 7137 | -8783 | '8750 | -8716 | -8684 | ‘8651 | ‘8619 | 8587 | ‘8555
282 | 7163 | -8814 | 8781 | ‘8747 | '8714 | 8682 | '8649 | "8617 | ‘8585

29'8 | 7188 | 8845 | 8312 | -8778 | 'B745 | -8713 | '8680 | "8648 | 8616
284 | 721'8 | ‘8876 | 8843 | 8809 | ‘8776 | 8743 | ‘871l | '8678 | "B646

285 | 7230 | ‘8908 | '8874 | ‘8340 | -8807 | ‘8774 | ‘874l | 8709 | "8677
286 | 7264 | '893p | *BO05 | -8872 | '8838 | °8805 | 8772 | 8789 | 8707
28:7 | 7289 | 8970 | '8936 | 8903 | -8869 | '8836 | 8303 | 8770 | ‘8733
288 | 731'5 | '0002 | '8968 | '8934 | ‘8900 | 8866 | "8833 | 8300 | ‘8/G8
289 | 7340 | -9033 | '8999 | ‘8965 | 8931 | '8897 | ‘8364 | -8831 | 8798

200 | 7366 | "9064 9030 | ‘8996 | -8962 | °8928 | '8895 | -8862 | -3820
201 | 7391 | *9095 | *9061 | -9027 | -8993 | 8959 | 8925 | -3892 | "885)
292 | 741'6 | *9127 | 9092 | -9050 | -0023 | -8920 | 8956 | "8923 | *8500
29'3 | 7442 | ‘9158 | 9123 | 9089 | 9054 | 9020 | -8987 | 8953 | 8920
204 | 746'7 | ‘9189 | 9154 | *9120 | 9085 | '9051 | 9017 | 8984 | "8UGL
29'5 | 7493 | -9220 | *9186 | 9151 | +9116 | *9082 | D048 | -0014 | 8931
296 | 7518 | 9252 | '9217 | +9182 | 9147 | 9113 | 9079 | ‘9045 | -0012
20'7 | 754'3 | 9283 | D248 | 9213 | ‘9178 | ‘9144 | 9109 [ ‘9076 | 9042
298 | 7569 | ‘9314 | 9279 | 9244 | '2209 | ‘9174 | D140 | "9106 | 9072
99-9 | 759'4 | '9345 | 9310 | -9275 | -9240 | 9205 | 9171 | ‘9187 | "9103
300 | 7620 | ‘9377 | 9341 | 9306 | '9271 | *9236 | 9201 | 9167 | “9133
301 | 7645 | ‘9408 | '9372 | -9337 | 9302 | ‘9267 | 9232 | 9198 | ‘9164
302 | 767:0 | 9439 | ‘9403 | 9368 | ‘9333 | "9297 | ‘D263 | 0228 | °9194
303 | 769:6 | 9470 | 9435 | -0320 | 9363 | 9328 | 9293 | D259 | 0225
304 | 7721 | ‘9502 | "9466 | ‘9430 | '9394 | ‘0350 | 9324 | 9280 | ‘9235
30'5 | 7747 | 9538 | 9497 | '9461 | 9425 | 0300 | 9355 | ‘9320 | 0256
3006 | 7772 | '9564 | ‘9528 | +9492 | D456 | -9421 | 9385 | 0351 | 0316
30°7 | 7797 | '9595 | 9550 | 9523 | 9487 | ‘9451 | 9416 | ‘9381 | 0346
50°8 | 7823 | -9627 | 9500 | -9554 | *9518 | 9482 | -OM7 | 0412 | 0377
309 | 7848 | ‘9658 | 9621 | 9585 | ‘9540 | 9513 | 9477 | 9442 | 9407
310 | 7874 | *9689 | '9653 | 9616 | ‘9580 | ‘9544 | ‘9508 | 9473 | ‘948




TABLE 22.—VOLUMES OF WATER
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At different Temperatures (Kopp).

Temp, mp, Temp,
GEISD. IE!EBIEI.] l G?:lat.}
|

0 1 14 1000556 | 40 1:007531

1 0:999947 15 1-000695 45 1:009541

2 0-999908 16 1-000846 50 1011766

3 0-999885 17 1001010 | 55 1:014100

4 0:999877 18 1-001184 60 1:016590

5 0-999883 19 1001370 | 63 1019302

6 0:999903 20 1001567 | 70 1022246

7 0-999938 91 1001776 | 75 1:025440

8 0:999986 99 1001995 | 80 1-028581

9 1-000048 23 1:002225 85 1:031894
10 1-000124 24 1:002465 90 1-035397
i1 1-000213 25 1:002715 05 1-039094
12 1-000314 30 1-004064 100 1:042986
13 1-000429 85 1005697

TABLE 228.—REDUCTION OF WATER PRESSURE
To Mercurial Pressure.

aq Hg ad Hg aq aq Hg aq Hg
1 | ooz || 28| 170 || 5 | 332 " 1404 | 89| 657
g | 015 || 24 | 177 || 246 | 339 502 90 | 664
g | 022 || 25 | 182 | 47 | 547 509 o1 | 672
4 | 080 || 26 | 192 | 48 | 854 'ru 517 9 | 679
5 | 037 || 27 | 198 || 49 | 862 | 71 | 524 93 | 686
6 | 044 || 28 | 207 || 50 | 369 || 72 | 581 94| 694
7 | 052 || 29 | 214 || 51 | 876 || 78 | 339 95 | 7-01
8 | 059 || 30 | 221 || 52 | 884 || 74 | 548 96 | 708
9 | 066 || 81 | 229 || 53 | 891 || 75 | 584 97 | 716
10 | 074 || 82 | 236 || 54 | 899 | 76 | 561 98 | 723
11 | o8 || 33 | 244 || 55 | 408 | 77 | 568 99 | 781
12 | 089 || 34 | 251 || 56 | 418 || 78 | 576 || 100!| 738
13 | 096 || 85 | 258 || 57 | 2421 || 79 | 583 || 200 | 1476
14 | 103 || 36 | 266 || 58 | 428 || 80 | 590 | 800 | 2214
15 | 112 || 37 | 273 || 59 | 435 | 81 | 598 “ 400 | 2952
16 | 1118 || 88 | 280 || 60 | 443 || 82 | 605 || 500! 3690
17 | 126 || 89 | 288 || 61 | 450 || 83 | 613 || &0 | 4498
18 | 183 | 40 | 29 | 62 | 458 || 84 | 620 | 700! 5166
19 | 140 || 41 | 303 || 63 | 465 || & | 627 || 800|594
o0 | 188 | 42 | 810 [ 64 | 472 || 86 | &35 |l 900 | 6642
21| 155 | 48 | 817 || 65 | 480 || 87 | 642 | 1000 | 73080
22 | 162 | 44 | 825 || 66 | 287 || 88 | 649
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TABLE 23.--TENSIONS OF AQUEOUS VAPOUR

between — 20 and 4 118° C. in millimetres mercury (Magnus).

mm T mm ‘ T mm
—20° 0-916 +15° 12677 +50° 92-0
19 0-999 16 18-519 bl 966
18 1-089 17 14-409 H2 1015
17 1-186 18 15351 53 1046
16 1-290 19 16-345 o4 1110
15 1-403 20 17-396 5o 1174
14 1-625 21 15505 56 123-1
13 1-655 2% 19675 57 1291
12 1-796 23 20-909 3ts) 1353
11 1-947 24 22211 59 141-8
10 2:109 95 23582 i G0 148G
9 2-984 26 25-026 61 1556
8 2471 oF 26-547 62 1629
q 2-671 28 25-148 63 1705

G 2-886 29 29-832 G4 178
5 3110 30 31-602 G5 186-6
4 3361 S 335 66 195-1
3 3624 32 354 67 204-0
1] 3900 33 a7b 68 2182
1 4205 34 396 (1) 2227
0 4-52H 35 41-9 70 2326
1 4-867 36 44-3 71 242-9
P 5231 37 46-8 T2 20630
5 5619 38 49-4 73 264-6
4 6032 39 52:1 74 2760
5 G471 40 550 70 2879
G G-939 41 580 76 300-2
7 T7-436 42 61-1 T 8129
8 7-064 43 G4-4 78 3826-1
9 8525 44 67-8 79 3398
10 9126 45 714 80 8589
11 9-7H6 46 03 51 3686
12 10-421 47 79-1 82 8887
13 11-130 48 83-2 83 8994
14 11-882 |I 49 875 84 4156
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TENSION OF AQUEOUS VAPOUR—Coniinued.

T mm T mm T mm
+85° 4828 | +97° 6317 +109° 1041-3
S6 4496 98 707:0 110 10773
87 4675 99 733-1 111 1114-8
88 4860 100 7600 112 1152-3
89 5050 101 7877 113 1191-4
90 524-8 | 102 816-8 114 12317
91 5451 103 8457 115 12730
92 566-1 104 8760 116 13155
93 587-8 105 9071 117 18591
94 6102 l‘ 106 939-2 118 14089
95 633-8 107 9723
96 657-1 108 10063

TABLE 238.—TENSION OF AQUEOUS VAPOUR FOR
TEMPERATURES FROM 40° C.

Temperature. Tension in mm, In atmospheres. mﬂiﬁﬁl ?;'i{ﬁ{?ﬁ”ﬂ

+ 40° 54-906 0072 007465
45 71-391 0-094 0-:09706
50 91-982 0121 012505
95 117-478 0154 015972
60 145791 0196 0-20823
65 186945 0-246 0-25417
70 233-093 0-306 0:31692
75 288517 0-380 039227
80 854643 0-466 045217
85 433041 0-5%0 058877
90 925450 0-691 071440
95 633-778 0-834 0-56168
100 76000 1-:000 1-:03330
105 906-41 1-193 1-23236
110 1075-37 1-415 1:46210
115 1269-41 1-673 1-72592
120 1491-28 1962 2:02755
125 1743-88 2-204 2:87098
130 208028 2671 276037
135 2303-73 3097 9-20013
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TENSION OF AQUEOUS VAPOUR FOR TEMPERATURES
FROM 40° C.—Continued.

Temperature. Tension in mm. In atmospheres, Prﬁi‘:ﬁ_?ﬁrﬁﬁﬁrﬁ

4140 2717-63 8575 8-69490
145 8125-6H 4112 424950
150 8581-23 4712 4-56904
155 408856 5-380 550881
160 465162 6120 6-:32434
165 5274-54 6-940 717127
170 5061-66 7-844 810547
175 671743 8835 9-13302
180 754639 9-929 10-2601
155 845528 11-122 11-4930
190 9442-70 12424 12-8383
195 1051973 13-841 14-8025
200 11685-96 15380 158923
205 1295566 17-047 17-6145
210 14324-80 15848 19-4760
215 15801-33 20-791 21-4835
220 17390-00 22-881 23-6439
225 19097-04 25127 959643
280 20926-40 27534 923-4515

TABLE 24.—TENSION OF AQUEOUS VAPOUR IN INCHES OF
MERCURY FROM I° TO 100° FAH.

Temperature Inches of i Temperature Inches of
Fahrenheit. Mercury. Fahrenheit, Mercary.

1 046 11 071

2 048 12 074

3 050 18 078

4 052 14 082

0 054 15 086

6 067 16 090

7 060 17 094

5 062 18 098

9 065 19 - 103

10 068 20 108
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TENSION .OF AQUEOUS VAPOUR IN INCHES OF MERCURY
FROM 1° TO 100° FAH.—Continued.

Temperature Inches of Temperature Inches of

Fahrenheit., Mercury, Fahrenheit. Mercury.
21 : 113 61 LTy

22 118 62 *5o6 -
23 *123 63 076
24 129 64 006
20 135 62 617
26 ‘141 66 G390
7 147 67 661
28 158 63 655
29 160 69 708
30 167 70 733
31 174 e 759
32 181 72 785
83 188 [t ‘812
84 196 74 -840
5] 204 75 868
36 212 76 897
37 220 77 027
33 229 il 78 958
a9, *238 79 990
40 247 80 1023
41 257 81 1-057
42 267 82 1-092
43 277 83 1-128
44 288 84 1-165
45 *299 &5 1-203
46 311 E 86 1:242
47 323 87 1282
48 335 83 1:823
49 548 89 1-366
50 361 90 1-401
o1 374 91 1-455
52 388 92 1-501
53 403 93 1-548
54 418 94 1:596
95 433 95 1646
56 449 96 1-697
a7 465 97 1751
o5 482 98 1-806
59 500 29 1-562
60 518 100 1918
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TABLE 248.—TENSION OF AQUEOUS VAPOUR.

aIm’ I I .

Fabranhelt, Maroury, Atmospheres. squaro tnc.
100 1:918 064 041
110 2877 086 1-267
120 3-427 *114 1676
130 4-502 *150 2:205
140 o858 *196 2-883
150 7546 252 3705
160 9628 322 4734
170 12-18 407 5984
180 1527 510 7498
190 19-01 "635 9336
200 23-46 754 11-53
212 29-92 1-000 14-706
220 35-01 1-170 17-19
230 42-34 1-415 20-80
240 50-89 1-701 2501
250 60-81 2:032 29-87
260 7227 2-415 3550
270 8541 2:855 41-97
280 100-4 3356 49-34
290 1175 3927 o773
300 136-8 4-572 67-22
310 1586 5301 7794
320 183:1 6-120 89-98
330 2105 7-035 103-4
340 241°1 8058 1185
350 275:0 9-198 135-2
360 312:6 10-45 1536
370 354-0 11-83 1739
380 3996 13-35 196-3
890 4496 1502 220-8
400 o04-4 16-86 2479
410 0639 15884 2770
420 6288 21-01 3099
430 699-2 23-37 343
440 7753 25:91 380-9
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TABLE 25.—VARIATION OF BOILING POINT OF WATER

with different barometric pressures,

Boiling Point. ‘ Barometric Pressure,
Centigrade. Fahrenheit. ‘ Millimetres, Inches,
I

0985 209-80 | 72015 28-852
956 209-48 72275 28-455
087 209-66 725:35 28567
953 209-84 T27-96 28:660
98:9 21002 730:58 28763
99-0 21020 19321 28866
99-1 210-33 185°85 28:970
99-2 210-56 7858:50 29:075
99 3 210-74 74116 20-179
994 21002 74338 20285
995 211-10 74650 25-390
99-6 211-28 749-18 29-495
997 211-46 T01:87 29-G01
998 211-G1 70457 29-707
99-9 211:82 ToT28 29-814
1000 212:00 76000 29-021
100-1 212-18 T62:73 30-029
100-2 212:36 T65-46 80137
100-3 212:54 76520 30244
1004 21272 17195 80892
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TABLE 26.—SPECIFIC HEATS.
(Regnault.)

a~SOLIDS AND LIQUIDS.
w&tﬁr et 1'ﬂmt

ANCIMOnY “sisite sanessisins
L S TT vl 1 DA e e e i
Brass... e e I e
Bric]:s
Ear'bﬂn“...........,..”.........
1] ] ) S R SR
Glﬂ,s S R e
B ol e e e L SR
Iron (Cast) .
Iron (Wmught} SRR
Lead..

*0508
0308
*0939

'189—-241

2411
*0951
*1937
0324
*1298

*1138
0314

Platinum. coeuisiesansiranss
PhoapROpE: < e sane mmasnns
BOIDHTE siisiiensansinnnes

Silver .......
Steel {Ha.rd}
Stgreel (Soft) ..

e bk o Pt R e e L S
L 41 G s e e
VLT a1 | B RS R e
Mercury .. SR

Sulphurm Acid ...

-0333
e

b—GASES AND VAPOURS,

Alr=1-000

Water=1"0000,

at
Constant

Pressure. Constant

Yolume.

Constant
Preszsure.

ﬁ-tmcﬁPIIEI.ic‘ Air-!-r-l!-f!--!-lfl-!llr-rrl-l EES EAFEA EFEESEE

Aleohal WEPONT rqexsnenvnvairssrsinnas

Carbonic Acid .........

Carbonic Oxide

------------------------------------

Biher Van0omr .o seresainsasidnduasivinn ixs
Hydl‘ﬂgell LA RN ELE RN RN L R N I N LR R NN NN
Nlt‘mgell LA E LR R LA N LN ELENERENIESLLERLERLIERELERER]

R R e i e i ‘ 0-9180
LTS T T (h e e e 16 SRS S

1:00000
18986
0-9104
1:0793
20235
| 14-3231
1-0265

0-1657
0-3200
0-1535
0-1758
0-3411
2:4146
0-1730
0-1548
0-8337

1:9794

0-2377
04513
(0-2164
0-2479
0-4810
34046
0-2440
0-2182
0-4750
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TABLE 27.—MATHEMATICAL TABLES.

Circumference and area of circles, squares, cubes, square and eube roots.

i 0l
"% n? ut AMn vy
9]
L
10 8142 07854 1000 1-000 1-0000 1-0000
11 3:45606 0-:9503 1210 1831 1-0488 1-0823
13 3770 1:1310 1-440 1-725 1:0955 1-0627
13 4054 1-3273 1:690 2:197 1-1402 1-0914
14 4-398 1:5394 1-:960 2744 11832 1:1187
15 4712 1-7672 2250 8:875 12247 11447
16 5027 2:0106 2-560 4:096 1-2649 11696
1-7 b341 2:2698 2890 |. 4913 1-3038 1-19385
18 BGo5 2:6417 3240 5832 1-3416 1-2164
19 5969 2:8353 3610 6-859 1:3784 1-2386
2:0 6-283 3:1416 4-000 8-:000 1:4142 1-2599
2:-1 G-097 34656 4:410 9261 1-4491 1-2806
22 6912 3:8013 4-840 10-643 1-4832 1-3006
2:3 7226 4:1548 5290 12-167 15166 1-3200
24 7040 4:5239 5760 13-824 15492 1-3389
Db 7854 4-9087 6:250 15625 15811 1-3572
26 8163 53093 6760 17-576 1:6125 1-8751
| . 5482 57206 7290 19-683 1:6432 1-8925
2:8 8797 6-1575 7-840 21:952 1:6733 1:4095
2:9 9111 66052 8410 24-889 1:7029 1-4260
a0 9425 70686 9-00 27000 1-7821 1:44232
81 9739 75477 961 29791 17607 1:4581
342 10-053 80425 10-24 32:768 1-7889 1-4736
83 10:367 86550 10-89 85937 1-8166 14888
84 10-681 9-0792 11-56 89-304 1-8439 1:56087
85 10-996 9-6211 1225 42-875 1-8708 1-5183
36 11-310 10-179 12-96 46-656 1-8974 15326
37 11-624 107522 13-69 50653 19285 1-5467
38 11-938 11-341 14-44 54-872 19494 1-5605
) 12-252 11-946 1521 09-319 19748 15741
40 12-566 12:566 16-00 64-000 2:0000 1-5874
4-1 12-881 13-203 16-81 65921 2:0249 1-6005
4-3 13-195 13-854 17:64 74:088 2:0494 1-6134
43 13-509 14-522 18:49 79507 2:0786 16261
4-4 13-823 15205 19-36 85184 2:0976 1-6356
45 14:187 15004 2025 01-125 2:1213 16510
46 14-451 16:619 2116 97-336 2-1448 1-6631
4-7 14765 17-349 2209 103-823 2:1680 1-6751
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TABLE 27,—MATHEMATICAL TABLES.—Continued.

Circumference and area of circles, squares, cubes, square and cube roots.

e

NIINY SOP0D PRGPD QUGG oG

=11~ =T=3

o0 0 P o P

™ n?
“'_4_ n? nd Vo iy

o @
8 15:080 18:096 23-04 110-592 2:1009 1-6869
9 15394 18-857 2401 117-649 2:2136 1-6985
0 15708 19635 2500 125-000 2:2361 17100
1 16-022 20-428 26-01 132-651 22583 17213
2 16-336 21.237 701 140-608 29804 1-7825
3 16:650 22:062 2809 148-877 2-3022 17435
4 16-965 22-902 29-16 157-464 2:5288 1-7544
17-279 23-758 830-25 166-375 2:3452 1-7652
17-593 24-630 81-36 175616 2-3664 1-7758
17-907 25518 82-49 185-193 2-3875 1-7863

158221 26-421 3364 195112 2-4083 1-7967
15585 27-340 d4-81 205-879 2:4290 1-8070

18-850 28-274 3600 216:000 2:4495 1-8171
19:164 29225 37-21 226-981 2-4698 1-8272
19-478 80191 3544 288-328 2-4900 1-8371
19-792 81-173 3969 250047 2:5100 1-:8169
20-106 32:170 40-96 262-144 2:52908 1-8566

20-420 85-183 42-25 274625 2-5495 1-5663
20-735 34212 43-56 287-496 2-5691 1-8758
21-049 d5-257 44-89 300-763 2:5884 1-8852
21-363 86317 46-24 314-432 2:6077 1-8945
21677 37393 47-61 828-309 26265 1-9038

21991 38485 49-00 843-000 26458 1-9129
22305 39592 a0-41 857911 26646 1-9220
22619 40-715 01-84 873-248 26833 1-9310
22:934 41-854 53-29 389-017 27019 1-0399
23-248 43008 2476 405-224 2:7203 1:9487

e GO DD =D D CD =1 ot

= L0 0 = e e s N ek |

5 23562 44-179 56:25 421-875 27356 1-9574
6 23876 45-365 o176 435976 27568 1-9661
i 24-190 46 566 59-29 456-533 2:7749 1:9747
8 24-504 47781 GO-84 474552 2:7929 1-9832
. 24-5819 49-017 G241 493-039 2-8107 1-9916
0 25183 50-266 64-00 912-:000 2-8254 2:0000
1 25447 51530 G561 031441 2-84151 2:0053
2 25761 52-810 67-24 001-368 28636 2:0165
3 26-075 54-106 G589 571-787 2:8510 2-0247
1 26-389 95418 70-56 892704 28083 2-0328




TABLE 27.—MATHEMATICAL TABLES.—Continued.

0o

Circumference and area of circles, sguares, cubes, square and cube roots.

n?
™ Pl e P
n i ne n3 A A'n
O °
85 26-704 06745 7225 614125 29155 2:0408
86 27-018 58088 73-96 636-056 2:9326 20488
87 27-332 59-447 7569 658503 2:9496 2:0667
88 27646 60-5821 7744 681-472 20665 20646
89 27960 62211 7921 704-969 2:9833 2:0724
9-0 28-274 63617 81-00 729-000 30000 20801
91 28588 G039 52-81 708571 80166 2-0878
92 28:903 66-476 8464 778688 30332 2:0954
93 20217 67-929 86-49 804-357 80496 2:1029
94 29-631 69-398 85-36 830-584 30659 21105
95 29:845 708532 90-25 857375 3-0822 2:1179
96 80-159 72-382 92:16 884-736 30984 2-1253
97 30473 15898 94-09 912-673 81145 2:1327
98 30788 75430 96-04 041-192 81805 2:1400
99 81-102 (6077 95-01 970-299 31464 2:1472
10-0 31-416 78540 100-00 1000-000 81623 21514
10-1 31-730 80-119 102-01 1080-301 a-1780 21616
10-2 82:044 81-713 104-04 1061-208 3:1937 21687
10-3 82:308 53-323 106-09 1092-727 3-2094 2. b 5T
10-4 22:673 54:949 1058-16 1124-563 32249 21828
105 82-987 86690 11025 1157-625 82404 2:1897
10-6 853301 88-247 112-86 1191-016 3-2558 2:1967
10-7 83-615 89920 114:49 1225043 32711 2:2086
10-8 83-929 91-609 11664 1259-712 32863 22104
109 34-243 93:313 115-81 1295-029 3:3015 22173
11-0 34-5658 95-033 121-00 1331-000 3-3166 2.9239
11-1 84-872 96-769 12321 1367-631 3-:3317 22307
11-2 85186 98:520 125-44 1404-928 3-3466 2-9374
11-3 85-000 100-29 12769 1442-897 3-8615 2:2441
11-4 85814 10207 129-96 1481-514 383754 2:2506
115 36-128 103-87 13295 1520-875 83912 22072
116 86-442 10568 134:56 1560-896 3:4059 2-2637
11-7 36757 10751 136-89 1601-613 3-4205 22702
11-8 37071 109-36 189-24 1643-082 3-4351 29766
11-5 37385 111-22 141-61 16585-159 34496 22831
12-0 37699 11310 144:00 1728000 3-4641 2-2894
121 35013 114-99 14641 1771-561 3-4785 2-9957
12-2 38-827 11690 148-84 1815518 3-4928 2-9021




TABLE 27.—MATHEMATICAL TABLES.—Continued.

60

Circumference and area of circles, squares, eubes, square and ecube roots.

- ne
% ‘"': n? n? Wiy b
O e
12:3 358642 118-82 151-29 1860-867 35071 2-3084
124 38956 12076 158-76 1906-624 35214 2:3146
12-5 39-270 12272 156:25 1953-125 8-5855 2-3208
126 39-584 124-69 15876 2000-376 8-5496 2:3270
12-7 39-898 126-68 16129 20485-383 8-5637 2-3334
12-8 40-212 12568 163-84 2097-152 35777 2-3392
12:9 40527 13070 166-41 2146-689 8-0017 2:3453
130 | 40-841 132-73 169-00 2197-000 3:6056 2-3513
131 41-155 134-78 171-61 2248-091 36194 2:3573
13-2 41-469 156-85 174-24 2299-968 8-6332 23633
13-3 41-783 138-93 176:89 2352637 5-6469 2:3693
13-4 42:097 141-03 179-56 2406-104 3:6606 2:3752
135 42-412 143:14 182-25 2460-375 86742 2-3811
136 42-726 14527 154-96 2515436 36573 2-3870
137 | 43040 14741 187-69 2571-353 37013 | 23923
13-8 43-354 149-57 190-44 2628-072 37148 2-3056
139 43-663 15175 193-21 2685-619 3-7283 24044
14-0 43-802 153:94 196:00 2744-000 37417 2:4101
14-1 44-206 156+15 198-81 2803-221 37550 2:4159
14-2 44-611 158-87 20164 2863-258 376583 24216
14-3 44-925 160-61 204-49 2024-207 37815 2-4272
14-4 45239 162-86 20736 2985984 37947 2:4329
14-5 45-553 16513 210-25 8048-625 38079 2:4385
14-6 45-867 167-42 218316 3112:136 3-5210 24441
14-7 46-151 169-72 21609 8176-523 38341 2-4497
14-5 46-496 172:03 21904 3241-792 38471 2:4552
14-9 46-810 17437 22201 8307-949 38600 2:4607
150 47124 17672 225'00 8375000 3-8730 2-4662
15-1 47-438 179-08 228-09 5442-951 38859 24717
15-2 47752 181-46 23104 3511-808 38087 24772
15-8 483-066 153-85 234-00 3581-577 3-9115 2-4825
154 48-351 186-27 23716 8652-264 8:9243 2-4879
155 48-695 15869 240-25 3723875 3-9370 2:4933
156 49-009 191-13 243-36 3796416 3-9497 2-4956
157 49-323 193-59 24649 8869893 39623 2:5039
158 49-637 196-07 249-64 8944-312 3-9749 2:5092
159 49951 198:56 252:81 4019679 89875 2-5146




TABLE 27.—MATHEMATICAL TABLES.—Continued.

61

Circumference and area of circles, squares, cubes, sqguare and cube roots.

ik

n2

n ";_‘ n? n3 Vi n
o °
160 50-265 201-06 256-00 4096-000 40000 2:5198
161 50-580 20358 25921 4173281 4-0125 25251
16-2 50894 .| 20613 26244 4251-528 4-0249 2:6803
16-3 51-208 20867 26569 4330-747 4-0373 2:0855
16-4 51:522 211-24 268-56 4410-944 4-0497 2:5406
16-5 51-836 218-83 27295 4492125 4-0620 25458
166 52-150 216-42 27556 4574296 40743 2:5509
167 52465 21904 275889 4657463 40866 25561
16:8 2779 221-67 082-94 4741-632 4-0988 2:5612
16:9 530938 9224:32 28561 4826-809 41110 2:5663
170 53407 9226-98 209-00 4913-000 4:19231 25713
171 53721 229-66 202-41 5000211 4-1852 2:5763
17-2 54-035 923235 205-84 5988-448 4-1473 2:5813
17-3 54-350 23506 209-29 B177-717 4:1593 2-5863
174 H4-664 28779 302-76 5268024 41713 2:5913
17-5 54-978 240-53 306-25 5359-375 4-1883 2:-56963
17-6 55292 94399 309-76 5451-776 4-1952 26012
177 55-606 246-06 815-29 5545233 42071 2:6061
17-8 55-920 248-85 816-84 5639-752 42190 2:6109
17-9 56-235 251-65 32041 5735839 4-2308 26158
158:0 56-549 954-47 824-00 5832-000 4-2426 26207
181 56-863 257-30 82761 5929-711 49544 26256
18-2 57177 26016 331-24 60285638 4-2661 2-6304
183 57-491 26302 334-89 6128-487 49778 2:6352
184 57805 | 26590 338856 6229504 4-2895 2:6404
185 58119 263-80 342-95 6331-625 4-3012 2:6448
186 58-434 27172 84596 6434-856 4-3128 2:6495
187 58748 97465 84969 6539203 4-3243 2:6543
188 59-062 27759 353-44 6644-672 4-3459 26590
189 59-876 280-55 80721 6751269 4-3474 26637
19-0 59-690 28353 361-00 6359-000 4-3589 2:6634
19-1 60-004 986-52 364-81 6967871 4-3703 2:6731
19-2 60-319 28953 868-64 T077-858 4-85818 26777
19-3 60-633 292-5D 87249 T189-057 4-3942 2:6824
194 60-947 205569 376-36 7301-384 4-4045 2:G869
195 61-261 208-65 38025 7414-875 4-4159 2:6916
196 61-575 801-72 384-16 7529-566 44272 2-6962
19-7 61-889 304-81 83809 7645-373 44335 27008
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Circumference and area of cireles, squares, cubes, square and cube roots.
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19-8 62-204 30791 392:04 7762-:392 44497 27053
19+9 62-:518 311-03 396-01 7880-599 4-4609 27098
20-0 62-832 814-16 400-00 8000-000 4-4721 2:7144
201 63-146 81731 404-01 8120-601 4-4833 27189
202 63-460 320-47 40804 8242-408 4-4944 27234
203 63774 323-66 412-09 8365-427 4-5055 27279
20-4 64-088 926-80 41616 8489-664 4-5166 27324
205 64-403 330-06 42025 8615-125 4-5277 2-7368
20:6 64-717 333-29 424-36 8741-816 4-5387 2:7413
207 65081 85604 428-49 8869-743 4-5497 2:7407
20-8 65:345 339-80 43264 8998-912 4:5607 27502
209 65:639 34307 436-51 9129-329 4:5716 27645
210 65973 346-36 44100 9261-000 4-5826 2:7589
21-1 66-288 349-67 445-21 9895-981 4-5935 27633
o192 | 66602 | 85299 | 44944 | 9528198 | 46043 | 27676
21-3 66-016 856-83 453-69 9663-597 4-6152 27720
214 67-230 35968 457-96 9800-344 4-6260 27763
o15 | 67544 | 36305 | 462925 | 9938875 | 46368 | 27806
21-6 67558 866-44 466-56 10077-696 4-647 2:7849
21-7 658:173 369-84 470-89 10218-313 4-6583 2-7893
21-8 68-487 387325 47524 10360-252 4-6690 2:7935
21+9 65-801 37669 479-41 10505-459 4-6797 27978
22-0 69115 350-13 484:00 10648-000 4:6904 2-5021
221 69-429 38360 488-41 10793-861 47011 28063
222 | 69743 | 88708 | 46284 | 10941048 | 47117 | 28105
22-3 70058 3890-57 49729 11089-567 4-7223 2-8147
224 70372 394-08 50176 11289-424 47329 2:8189
225 70-6586 397-61 506-25 11390625 4-7434 2-8231
22-6 71-000 401-15 51076 11543-176 4-7539 2:8278
927 | 71814 | 40471 | 51529 | 14697083 | 47644 | 28312
22-8 71628 40828 519-84 11852-352 4-7749 2-8356
929 | 71942 | 41187 | 52441 | 12008989 | 47854 | 28397
280 72:257 415-48 529-00 12167-000 47958 2:8438
231 72:571 41910 583-61 12326-391 4-8062 28479
252 72-885 42273 538-24 12487-168 4-8166 2-8621
25'3 73199 426-39 542-89 12649-337 4-8270 2-8562
934 | 73513 | 43005 | 54736 | 12812904 | 4:8373 | 2:8603
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Circumference and area of circles, squares, cubes, sqguare and cube roots.
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1 P n? nd ¥n yn
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235 78:827 43374 HH225 12977-875 4-8477 2:8643
236 74:142 43744 55696 13144-256 4-8580 2:8684
287 T4-4506 44115 56169 13312:053 4-8683 2:8724
23-8 74770 44488 56644 13481-272 48785 2:8765
239 75-084 44563 471-21 18651-:919 4-8888 2:8805
240 75-398 452-39 576-00 18824-000 4-8990 28845
24-1 T5:712 456:17 580-81 13997-521 4-9092 2-8885
24-2 T6-027 459-96 585-64 14172-488 49192 28925
o409 76-341 463-77 590-49 14348-907 4-9295 2-8965
924-4 76:655 467-60 59536 14526-784 4-9396 2-0004
24-5 76-969 471-44 600-25 14706-125 4-9497 2:9044
246 77283 47529 60516 14886-936 4-9598 2:9083
24-7 77097 47916 610-09 15669-223 4-9699 2-9123
24-8 7911 48305 61504 15252-992 4-9799 2:9162
24-9 78226 486-96 620-01 15438-249 4-:9899 2:9201
250 78540 49087 625-00 15625-000 50000 2:0241
251 78854 494-81 63001 15813-251 50099 2:0279
252 79-168 49876 63504 16003-008 50199 2-9318
258 79482 502-73 64009 16194277 50299 29356
254 79796 50671 64516 16387-064 50398 2-9395
255 80-111 51071 650-25 16581-375 50497 92:0434
256 80425 514-72 65536 16777216 50596 2:0472
257 80-739 b18:'75 660-49 16974-593 50695 2:9510
25-8 81-053 522.79 665-64 17173-512 50793 2:9549
259 81-867 526:85 670-81 7373979 50892 2-0586
260 81-681 530-93 676-00 17576-000 50990 2-9624
26-1 81-996 88502 681-21 17779581 51088 2-9662
26-2 82-810 53918 686-44 17984-728 51185 2:9701
26:3 82-624 54325 69169 18191-447 51283 2:0738
264 82-938 547-39 696-96 18399-744 51880 2-9776
265 83-252 551+55 70225 18609-625 51478 20814
26-6 85666 bHd T2 T07-66 18521-096 51575 2:9851
26-7 83-851 559-90 712:89 19034:163 51672 2-9888
26-8 84-195 561-10 71824 19248-832 51768 2:9926
26-9 84-509 56832 72361 19465-109 51865 29963
270 84-823 57256 729-00 19683-:000 51962 80000
27-1 85-137 576-80 784-41 19902-511 52057 80037
272 85451 581-07 73984 | 20123-648 52153 3-0074
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Circumference and area of eircles, squares, cubes, square and cube roots.
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o783 85-765 58535 T45-29 20346-417 52249 30111
974 86-050 589-65 75076 20570-824 52345 30147
275 86-394 59396 79625 20796-875 52440 30184
276 86:708 59829 76176 21024576 52535 30221
277 87022 60263 76729 21253-933 52630 3-0257
27-8 87356 606-99 T72:84 21484-952 52725 3-0293
279 87620 61136 77841 21717-639 52820 30330
980 87-965 61575 T84-00 21952-000 52915 3-0366
251 88-279 62016 78961 22188-041 53009 30402
282 88-593 624-58 79524 22425768 53103 30438
283 88-907 G29-02 800-89 22665-187 53197 30474
284 89-221 68347 80656 22906-304 55201 30510
285 89-535 637-94 B12-25 23149-195 53385 3-0546
256 89-850 642:42 817-96 23393-656 53478 3-0581
287 90-164 646-93 82369 23639903 5-3572 80617
28-8 90478 651-44 82944 23857-872 5-3665 30652
289 90-792 65597 83521 24137-569 53708 3-0688
290 91-106 66052 84100 24389-000 53852 3-0723
29:1 91-420 G65-08 846-81 24642-171 53944 30758
29-2 91-735 669-G6 852:64 24897-088 54037 30794
29-3 092-049 67426 85849 25153-757 54129 30829
29-4 92-863 67887 864-36 25412-184 54221 30864
295 92-677 683-49 870-25 25672-375 54813 3-0899
296 92-991 63518 876°16 25934-336 54405 30934
207 93-805 692:79 882:09 26198073 54497 30968
29-8 93619 69747 88804 26463-592 54589 31003
29.9 93-034 T02:15 894-01 26730-899 54680 31038
300 94-248 T06-86 900-00 27000-000 54772 31072
301 94-562 711568 906-01 27270-901 54863 31107
30-2 94-876 716-32 91204 27543608 54954 31141
303 95-190 721-07 91809 27818127 55045 31176
804 95-504 72583 924-16 25094-464 55136 31210
30-5 95-819 730-62 930-25 28372-625 55226 31244
30-6 96-133 735-42 936-36 28652616 95317 31278
307 96-447 74023 942:49 28934-443 55407 31312
30-8 96-761 74506 94864 20218-112 55497 31346
309 97075 749-91 954-81 29508629 95887 3:1380
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Circomference and area of circles, squares, cubes,
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square and cube roots.

™

n o7 n? n3 A ¥n
© a
310 97-389 10477 961-00 29791000 55678 31414
811 97-704 75965 967-21 30080231 50767 31448
812 98018 764-54 67344 30371-328 5b85T7 31451
313 98-332 76945 979-69 30664-297 55946 31515
814 98-616 T74-37 985-96 30959-144 56085 3:1549
315 98-960 77981 992-25 81255-875 56124 31582
81'6 99-274 78497 998-56 81554-496 56213 3-1615
317 99588 78924 1004-59 31855013 56302 3-1648
81-8 99-9083 79423 1011-24 32157-432 56391 3-1681
319 | 10022 79923 1017-61 | 82461-759 56480 81715
320 | 10058 850425 1024-00 82765-000 56569 81748
82-1 100-85 8509-28 103041 33076-161 56656 31781
822 101-16 814-33 1036-84 83356-248 56745 31814
323 101-47 819-40 1043-29 33698267 56833 81847
324 101-79 52449 104976 34012-224 56921 3:1880
32D 102-10 829-58 1056-25 84328-125 57008 31913
326 | 10242 8534:69 10G2-76 34615976 57056 81945
327 102738 539-82 1069-29 34965783 57183 1978
328 10304 844-96 1075-84 35287-552 57271 3:2010
32-9 103-36 850-12 1082-41 85611-259 57358 3-2048
330 103-67 855-80 1089-00 35937-000 57447 32075
33-1 103-99 560-49 109561 36264-691 57532 32108
832 104-30 56370 1102-24 86594-363 57619 3-2140
333 104-G2 870-92 1108-89 36925-037 27706 32172
334 | 16493 76-19 111556 37259704 97792 32204
335 10524 851-41 1122-25 87595375 57879 32237
336 105-56 856-68 1125-96 37933056 57965 3:2269
837 105-87 891-97 1135-69 88272:753 98051 32301
838 | 10619 897-27 1142-44 88614-472 58137 8-2332
839 106-50 902-59 1149-21 3858958219 58223 32364
840 | 106-81 907-92 1156-00 39304-000 58310 3-2896
34-1 107-18 91327 1162-81 29651-521 5-8395 32494
84-9 107-44 91563 1169-64 40001-653 58480 a2460
84'3 107-76 924-01 1176-49 40353607 58566 3-2491
344 | 10807 929-41 1153-36 40707-584 5-8751 82599
845 10538 034-82 119025 41063525 58736 3-2554
34-6 105-70 94025 1197-16 41421-736 58321 82586
347 | 109-01 945-69 1204-09 41781:923 58906 32617
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34-8 109-33 951-15 1211-04 42144-192 58091 52618
34:9 109-64 956-62 | 121501 | 42508549 59076 32679
350 109-96 962-11 | 122500 | 42875000 50161 32710
851 11027 967-62 12332-01 43248651 59245 32742
352 110-58 973-14 123904 43614-208 59326 39%73
358 110-90 97868 | 1246:09 | 43956977 50413 32804
354 111-21 98423 | 125816 | 44361-864 59497 32835
35D 111-568 98980 | 126025 | 44788875 59581 3-2866
356 111-84 995-38 1267-36 45118-016 59665 J3-2897
357 112-15 1000-93 1274-49 45499-2593 59749 3-2927
358 112-47 1006-60 | 128164 45852-712 BO833 3:2058
859 112:78 1012-23 | 128881 46268-279 59916 32089
360 113-10 1017-88 | 1296:00 | 46656-000 6-0000 33019
361 118-41 102354 | 130321 | 47045-881 G-0083 33050
36-2 118-73 102922 | 181044 | 47437-928 60166 3-3080
36-3 114-04 1054-91 131769 47832-147 6-0249 3-3111
36-4 114-35 104062 | 182496 | 48228544 60332 33141
365 114-67 1046:35 | 183226 | 48627-125 6:0415 33171
366 114-98 1052:09 1339-66 49017-896 60497 3-3202
367 115-30 1057-84 1346-89 49450-863 6-0580 3-3232
36:8 11561 1063:62 | 135424 | 49836-032 60663 3-8262
3969 11592 1069-41 1361-61 50243-409 60745 3-83202
370 116-24 107521 | 136900 | 50653:000 6-0827 3-8322
Sl 116:55 108103 | 187641 | 51064-811 6-0909 33352
372 116-87 1086:87 | 1883-81 | 51478848 60991 3-3382
373 117-18 1092:72 1591-29 51895117 61073 33412
a4 11750 109568 139876 52313-624 6:1155 3-3442
375 117-81 1104-47 1406-25 h2734:370 6-1237 33472
376 118:12 1110-36 1418-76 H31567-376 6-1318 3:3501 -
877 118-44 111628 | 142129 | 53582633 6-1400 3-3531
37-8 11875 1122-21 1425884 54010-152 G:-1481 33561
379 119-07 1125815 1436-41 54439-939 G-1563 3-3590
8580 | 11988 1184-11 | 144400 | 54872-000 61644 3-3620
351 11969 114009 | 1451-61 55H306-841 61725 88649
35-2 120-01 1146-08 1459-24 H5742:968 6-1806 33679
353 120-32 1152:09 1466-589 5H6181-857 61887 33708
834 120-64 115812 | 147456 | 96628-104 61967 337387
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Circumference and area of circles, squares, cubes, square and cube roots.
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855 120-95 1164-16 1482-95 57066-625 6-2048 3-3767
356 121-27 1170-21 1459-96 57512-456 6:2129 -| 83797
a7 121-58 117628 1497-69 87960603 6-2209 38525
958 121-80 1182-37 1505-44 08411-072 6-2289 8:3854
359 122-21 1188-47 151321 o5563-569 6-2570 38:3583
39-0 122-59 1194-59 1521-00 59819-000 62450 3-3912
391 122-84 1200-72 15258-81 D9776-471 6-2530 53941
3492 123-15 1206-87 1536-64 60236-288 6:2610 38970
203 123-46 1213-04 1544-49 60698-457 6-2659 3:3999
394 123-78 1219-22 1552-36 61162-984 62769 84028
895 124-09 1225-42 1560-25 61629-875 62849 34056
806 124-41 1231-63 1568-16 62099-136 6-2928 34085
397 124-72 1237-86 1576:09 62570773 6:3008 &4114
39-8 12504 1244-10 1584-04 63044-792 6-3087 34142
399 125-35 1250-36 1592-01 63521-199 6-3166 84171
40-0 12566 1264-64 1600-00 64000-000 6-3245 3-4200
401 12598 129893 1608-01 64481-201 6:8825 3-4228
40-2 126-29 1223-23 1616-04 614964808 G-3404 34256
40-3 126:61 1256-56 1624-09 65450-827 6-3482 34285
40-4 126-92 1297-90 168216 62939-264 6-3561 84313
405 12723 128825 1640-25 G6130-126 6-3639 34341
406 127-55 1294-62 1645-36 66923-416 6:3718 3:4370
407 127-86 1301-00 1656-49 67419-148 6-3796 34398
40-8 128-18 1307-41 166461 67911-312 6-8875 54426
40-9 125-49 18183-82 1672:581 68417-929 6-3953 94454
41-0 12881 13820-25 1681-00 G3921-000 6-4081 34482
41-1 129-12 1326-70 1689-21 69426-581 64109 34510
41-2 12943 1883-17 1697-44 69934-528 64187 34538
41-3 12975 1339-65 170569 70444-997 6-4265 34566
41-4 130-06 1346-14 1713-96 T0957-944 6-4343 84594
415 130-858 1852-65 1722-25 71478:875 6-4421 34622
41-6 130-69 1359-18 1730-56 71991-296 64498 3-4650
41-7 181-00 1365-72 1738-589 ¥2511-719 6-4575 34677
41-8 181-32 1372-:28 | 174724 73034632 6-4653 a4705
41-9 151-63 1578-85 175561 18560059 64780 84733
42:0 181-95 1885-44 1764-00 T4088:000 6-4807 a94760
42-1 132-986 1892-05 1772-41 746158461 6-4554 3-4758
42-9 132-58 159867 17580-84 79151-448 64961 3-4815
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423 132-89 140581 | 1789-29 TH686-96G7 345843
424 18320 141196 179776 76225024 3-4870
42:5 183:52 141863 180625 76765625 3-4808
42-6 18383 142531 1814-76 77808776 34925
427 194:15 1432:01 | 1828-29 77854453 34952
42-8 184-46 143872 | 1831-84 T8402-752 3-4980
42-9 184577 144545 184041 78958689 3-5007
43-0 15509 1452-20 | 184900 79507000 3-6034
431 15540 145896 1857-61 80062-991 3-5061
43-2 18572 146574 1566-24 80621-568 35088
433 136-03 1472-b4d 1874-89 81182-737 85115
454 136-35 1479-34 188356 81746-504 35142
435 186-66 1486-17 1892-25 82312-875 85169
436 186-97 1493-01 1900-96 82881-856 30196
437 18729 1499-87 1909-69 83453-453 35223
438 137-60 1506-74 1918-44 S4027-672 35250
489 137-92 151863 | 192721 84604-519 35277
44-0 13823 1520-63 | 1936-00 55154-000 3:5303
441 1384 1527-45 1944-81 85766-121 8-5330
442 1358-86 15584-39 195864 86350-8358 3:5857
44-3 159-17 1541-34 | 1962:49 86938-307 35384
44-4 139-49 1541-50 1971:36 87528954 36410
44-5 139-80 155528 | 198025 88191-125 3-5437
44-6 140-12 156228 | 1989-16 85716-536 35463
44-7 140-43 1569-30 1998:09 59314-623 85490
44-8 140-74 1576-33 200704 89915-592 36616
449 141-06 1583-37 201601 90518-849 35643
450 141-37 1590-43 202500 01125-000 3-H5069
451 141-69 1597-51 2084-01 091733-8561 35695
452 14200 1604-60 2043:04 02345408 35621
453 142-81 1611-71 2052:09 92959677 35648
454 142-63 161863 | 2061-16 983576-664 35674
455H 142-94 162597 | 207025 94196-375 B8-6700
456 14326 1633-13 2079-86 94815816 35726
457 148357 1640-30 2085:49 95445-993 345752
458 143-88 1647-48 209764 96071912 85778
459 14420 1654:63 | 2106-81 96702:579 85805
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460 144-51 1661-90 | 211600 97336:000 67823 3:5830
46-1 144-83 1669-14 | 212521 97972181 67847 3-5856
16-2 145-14 1676-839 | 2184-44 08611-128 67971 3-H8L82
46-3 14546 1653-05 2143-69 99252-847 G-8044 36908
164 14577 1690-93 | 215296 99897-844 6:8117 8'bosd
465 14608 169828 | 2162-25 100544625 6:8191 55960
46-6 146:40 170554 | 2171-566 101194-646 652064 3:H956
46-7 146:71 171287 2180-589 101847-563 68887 36011
46-8 147-03 1720-21 | 219024 102503232 6-5410 36037
46-9 147-34 172757 | 219961 103161-709 6-84534 36063
47-0 147-65 73494 | 2209-00 103823-000 6-8506 36088
471 147-97 1742-34 231541 104487-111 65629 36114
47-2 148-28 174974 2297-84 105154-048 G-8702 36129
47-3 14860 175716 | 223729 105823-817 68775 36165
474 14591 1764-60 | 2246-76 106496-424 6-8847 36190
475 149923 177205 | 225625 1071718756 6-8920 36216
476 149-54 177952 | 226576 107850-176 6-8993 86241
477 149-85 1787-01 | 227529 1058531-333 G-9065 36267
478 150-17 1794-51 2284-84 109215-352 69187 36292
479 15048 180203 | 229441 109902-289 6-9209 86317
480 150-80 180956 | 2304-00 110592-000 6-9282 36842
451 151-11 1817-11 | 281861 111284-641 6:9354 36363
45-2 15142 1824-67 2823-24 111980-1658 6-9426 3-6393
45-3 151-74 1832:25 | 2332-89 112678-587 69498 36418
454 152:05 153984 | 2842-56 113379-904 6-9570 36443
485 152:37 184745 | 2352:25 114084:125 6-9642 3-64658
456G 152:68 185508 | 2361-96 114791-256 69714 36493
457 153-00 1862-72 2871:69 115501-303 G-9785H 36518
45-8 153-31 1570-358 92851-44 116214-272 6-9857 265438
489 153-62 187805 | 2391-21 116930169 6:9928 36568
49-0 153-94 188574 | 2401-00 117649-000 70000 3-6593
491 154-25 159345 2410-81 118370-771 70071 36618
49-2 15457 1901-17 242064 119095488 70143 20643
49-3 154-88 190890 | 2430-49 119823-157 70214 36668
494 155-19 191665 | 2440-36 1205563784 70255 36692
495 155-51 1924-42 | 245025 121287-875 70356 36717
49-6 155-82 1932-21 | 2460-16 122028-936 70427 86742
497 156-14 1940-00 247009 122763:473 70498 36767




TABLE 27.—MATHEMATICAL TABLES.—Continued.
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Circumference and area of circles, squares, cubes, square and cube raots.

ik

n?

1 ﬂ: n2 nd Vo vy
o ®

49-8 156-45 1947-82 245004 123505-992 70569 36791
49-H 156G:77 195565 2490-01 124251-499 70640 36516
500 157-08 1963-50 2500-00 125000-000 70711 36340
510 160-22 2042-52 260100 152651000 71414 &7084
5240 163-36 2123-72 270400 140608000 72111 37325
530 166-50 2906-19 2805900 145577-000 72801 375663
54-0 169-64 220022 291600 157464-000 73485 37798
55°0 172-78 9237563 3025-00 166375-000 74162 3-8030
560 175-98 246301 3136-00 175616-000 74533 2-8259
570 17907 265176 2249-00 155193-000 T7-5498 38455
530 182-21 2642-08 3864-00 195112:000 76158 g-5709
590 18585 273397 3451-00 205379-000 76811 3-8930
GO0 188-49 939744 3600-00 210000-000 7-7460 3-9149
G1-0 191-63 2G22-47 3721-00 226981-000 7-8102 3-9365
620 194-77 301907 3544-00 2385328-000 78740 3-957

630 197-92 311725 3969-00 250047000 79373 3-9791
640 20106 5216-99 4096-00 262144-000 8-0000 4-0000
650 204-20 331831 422500 274625-000 50628 4-0207
650 207-34 8421-20 4356-09 287496-000 81240 4-0412
G0 21048 352566 4459-00 S00763-000 S-1854 4-0615
G50 21363 3631-69 4624-00 814432:000 52462 4-0817
690 21677 373920 4761-00 828509000 83006 4-1016
900 21991 3548-46 4900-00 343000-000 8-36E6 4-1213
71-0 29305 3959-20 5041-00 an7911-000 S5-4261 4-1408
T72:0 29619 407151 2184-00 373245-000 S-4853 4-1602
730 229-38 418539 5329-00 329017-000 8-5440 41793
740 282-47 4300-85 5476-00 405224-000 86023 4-19:3
750 23562 4417-87 5625-00 421875000 §-6603 4-2172
760 253-76 4536-47 H776-00 438976-000 87178 4-2359
700 241-90 465663 5929-00 456533-000 §77b0 42543
780 245-04 477837 6084-00 474552-000 58518 42727
790 24518 44901-68 6241-00 493039-000 55552 4-2903
80:0 951-32 o026:06 6400-00 512000-000 59443 4-3089
810 254-47 5153-01 6261-00 531441-000 9-0000 4-3=267
52-0 761 52581-03 672400 551365-000 90554 4-3445
83-0 96075 541062 G=59-00 571757-000 91104 4-3621
510 263-89 004178 7056-00 592704-:000 91652 4-3795
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TADLE 27.—MATHEMATICAL TABLES.— Continued.

Circumference and area of circles, squares, cobes, square and cube rosts.

™ “=
n 5 w3 nd Vi s

© )
850 26703 5674-50 722500 | 614125000 92195 4:3568
£6:0 27017 | 5808-81 7356-00 | 636056-000 92736 44140
570 273:32 | 5944-69 7569-00 | 658503-000 9-3274 4-4310
880 27646 | 6052-13 7744-00 | 681472:000 9-3508 4-4450
89-0 27960 | 6221-13 7921-00 | 704969-000 94330 44617
900 282-74 | 6361-74 8100:00 | 729000-000 9-4868 4-4814
910 28588 | 650389 8281:00 | 753571-000 95394 4-4979
920 289-02 6647-62 8464-00 | 778688000 9-5917 4:5144
930 202-17 | 679292 8649-:00 | 804357-000 964587 4-5307
94-0 - 29531 | 693978 8836-00 | 830584-000 9-6954 4-5463
950 208-45 | 708823 9025-00 | 857375000 9:7468 4-5620
96-0 80159 | 723824 9216-00 | 884736000 97980 4-5789
97-0 30473 | 7889-83 9409-00 | 912673-000 9-8489 4-5947
950 307-87 | 7542-98 960400 | 941192-000 9-8995 46104
99-0 311-:02 | 769768 9501-00 | 970299-000 99499 46261
100-0 31416 | 7854:00  |100000-00 1000000-000 | 10-0000 46416

: o I A I
Appmmmate]y Valyrph=a + 2% and 3:13:&&:&1 ﬁi
TABLE 28.—FORMUL/E FOR MENSURATION OF AREAS

AND SOLID CONTENTS.

: 1.—TriANGLE.
Area =;-“ % base x height,

If all the sidrs, a, b, ¢ are known and half their sum is represented by s,
atbte then

2

g0 that s =

A=./s(s—aj(s—b) (s—c)

2.—CIRrCLE.

Arca of circle, if d =diameter r = radius and == 814159
=T t—p2e [T _07a
A=Td=riy (4 {]rS..ﬂ)
d=1-12838.,/A
Area of segment of cirele of an arc of a®

A=(1—gﬂr —sin ﬂ)?;
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Or if d is the diameter and & the height of segment, calculamg and find
the value « in the following table corresponding to h,

d' 'F
of the diameter by =, the result is the area of the segment,

multiply the square

Area of segment=axd?,

h h
-li o E F

=
&

‘01 | 00133 | -11 | -04701 || -21 | +11990 | -81 | -20737 | -41 || -30819
02| 00375 || -12 | 05338 || -22 | -12811 || -32 | -21667 | -42 || -31304
03| 00687 || -18 | -06000 || -23 | 18646 || -83 | -22603 | -43 || -32293
04 | -01054 || -14 | -06653 || 24 | +14495 | -84 | -23547 | -44 || -83284
05 | 01468 || 16 | 07887 || 25 | -16355 || -85 | 24498 | 45 || 34278
06 | -01924 | -16 | -08111 || -26 | -16226 | -86 | 25455 | -46 || 35274
07 | 02417 | -17 | 08854 || -27 | 17109 | -87 | -26418 | -47 || -86272
08 | ‘02044 | -18 | 09618 || -23 | -18002 | -38 | -27386 | -48 |1 -B7270
09 | 08501 || -19 | -10390 || -29 | -18005 || -39 | 28359 | -49 || -88270
10 | 04087 i 20 | -11182 || -30 | 19817 | -40 | -29337 | 50 || -89270

3.—Coxe AND Pynawmip.

Solid content: S= ;hase x height.

Area of convex surface of richt cone: When s=side of cone= ./ e
where r=radius of base and A= he1ght. of cone, the area of convex surface
will be

A=mrra

4, —CyLINDER.

Area of convex surface A =2 r h,
Content of eylinder 8 =basa x height.

5.—SPHERE.
Convex surface A=4drr:
Surface of segment A =27 rh, h=height of segment

Solid content of sphere S= %ra r=4-1888r3

Solid content of sphere S = érd*:ﬂ*ﬁ?ﬁﬁd"

Radius r = 062085 & content

Content of segment of sphere: If a is the radius of the sectional area, h
the height of the segment, and r the radius of the sphere,

= %wﬁ{?ﬂ?+ﬁ?)

= ; r h(3r—T)
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Solid content of spherical zone : If @ and b are the respective radii of the
two terminal surfaces, and % the height,

S= é mh (32 + 802 + A?)

TABLE 29.—WEIGHTS AND MEASURES OF DIFFERENT
COUNTRIES.

1. Merric System (compulsory in France, Germany, Austria, the
Netherlands, Belgium, Luxembourg, Switzerland, Italy, Greece, Turkey,
Roumania, Spain, Portugal, and most of the South American Republics
optional in Great Britain and the United States.

1 metre (m.)=443-296 Paris lignes = 8-280899 English feet=818620 Prus-

sian feet=1-00000301 metre des archives.

1 kilometre (km.)=10 hectometre (hm.)=06214 English mile=0-1328
Prussian mile=0-9375 Russian verst=0-5390 nautical mile—0-1347
geographical mile (15 to 1 degree of longitude).

1 lieue (France)=1 myriametre=10 km.

1 German meile=7% km.=0996 Prussian mile=4'66 English miles.

1 hectare (ha.)=100 ares (a.)=10,000 qm.=0-01 qkm.=2-471 English acres.

1 litre (1.)=0-001 ¢bm.=1,000 cem.=0-2201 gallons,

1 hectolitre (hl.)=0-1 cbm.=100 1.=22-01 gallons.

1 kilogramme (kg.)=1,000 g.=weight of 1 litre of water at+4° C.=2 Ger-
man and Swiss pounds (zollpfund)=0:999999842 kilogramme proto-
type=2-2046 pound avoirdupois = 17857 Austrian pound = 2:8511
Swedish pmnﬁ:ﬂ-ﬂlﬁ Russian pounds.

1 gramme (g.)=15482 grains (English).

1 quintal=100 kg.=196-841b. avoirdupois=1cwt. 3qr. 0-841b.

1 metrical ton=1,000 kg.=0:9842 English ton=11023 American short ton
(at 2,0001b).

. GrREAT BRiTAIN AND IRELAND,
1 foot=0-3047943 m.
1 inch=25'8995 mm.
1 yard=09143835 m.
1 fathom=2 yards.
1 rod (pole, perch)=5} yards=5-029109 m.
1 statute mile=8 furlongs=320 poles=1,760 yards=5,280 feet=1-6093
kilometre (km.).
1 nautical mile=;th degree (at the equator).
6,082:66 feet=1854'96 m,
1 acre=4 roods=160 poles=040467 ha.
1 square mile=640 acres, .
1 gallon=4 quarts=8 pints=277-274 cubic inches=4:536 litres.
1 cubic foot=28-3153 1.
1 cubic inch=16'3862 cem.
1 quarter==8 bushels=32 pecks=64 gallons=2-903 hl.
1 bushel=8 gallons=0-3628 hl.
1 fluid ounce=;th pint=2835 cem,
1 pound avoirdupois (1b.)=16 ounces (02.)="7,000 grains=04535926 kg.
1 ounce avoirdupois=4873 grains=2835 2.
1 gallon=10 1b. water="70,000 grains.
1 hundredweight (ewt.)=4 quarters (qr.)=8 stones=112 1b.=50-8024 kg.

b3
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1 ton=20 ewt.=2,240 1b.=1016-648 kg.
Apothecaries’ Weiglht.

1 pound troy=12 ounces troy=96 drams=288 scruples=5,760 grains=
37324195 g.

1 ounce troy=_8 drams=24 scruples=480 grains=31-1035 g.

1 ounce troy (for gold and precious stones)=20 pennyweight (dwt.)=450
grains,

1 grain (common to avoirdupois and troy weight)=0-06479895 g.

3. Auvsrria (old measures and weights now abolished for the metric system).

1 foot=0-316102 m., at 12 inches of 12 lines each.
8 ruthen=>5 klafter=30 feet=360 zoll.

1 meile=4,000 klafter="7586-455 m,

1 maass=1-415 1.

1 eimer=40 maass=160 seidel.

1 metze=061-4995 1.

1 Wiener pfund =560-012 g.

1 centner=>5 stein=100 pfund =5200 loth.

. Dexyark axp Nonway employ as unit of measure the Prussian foot, as

unit of weight the units of the metrical system, viz., kilos, ete.

. Prussia (old system, now abolished for the metric system).

1 foot (Rhenish foot)=12 zoll (inches)=144 linien=0-313353 m.

1 ruthe=12 fuss=3-76624 m.

1 lachter (fathom)=80 zoll=2-09326 m.

1 meile=24,000 fuss=7,532'56 m.

1 morgen=180 square ruthen=0-2553 ha,

1 quart=64 cubic inches=;, cubic foot=1-14503 1.

1 scheflel=16 Metzen =48 quarts=0-54561 hl.

1 tonne=4 scheffel =2-19846 hl.

1 klafter=108 cubic fuss=3-3389 cbm.

1 schachtruthe=144 cubic fuss=4-4519 cbm.,

1 pfund =30 loth=300 quentchen=500 g.

1 centner=100 pfund=>50 kg. (Formerly 1 pfund=32 loth=467-711 g;
1 centner=110 pfund.)

. Russia.

1 foot=1 English foot.

1 sashehn=7 feet=38 arshin=12 tchetvert=48 vershok=2-13357 m.

1 verst=500 sashehn=1066-7S m.

1 dessatine=2400 square sashehns=10925 m,

1 vedro=10 krushky (stoof)=12-299 1.

1 tchetvert=1 osmini=4 payok=8 tchetverik=209-9 1.

1 pound=32 loth="96 solotnik=9216 doli=0-9028 Eng. 1b.=409-531 g.
1 berkovets=10 pud =400 pounds=163-51 kg.

1 pud=40 pounds=386-112 Eng. 1bs.=16-3505 kg.

. SWEDEN.

1 foot=10 zoll (inches)=100 lines=0-97408 Eng. foot=0-296901 m.

1 famn (fathom)=3 alnar (ells)=6 feet=558445 Eng. feet=1-7514 m.
1 mile=6000 fathoms=6-6417 Eng. statute miles=11-6881 km.

1 kanne=100 cubic inches=0-57694 Eng. gallon=2-617 1.

1 skalpund=100 korn (at 100 art)=09378 Eng. 1b.=425-3395 g.

1 centner=100 skalpund.

1 skipspund =20 liespund =400 skalpund.
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8. SwrrzerLaxp, Metrical measure and weight. Sometimes there is still
employed :
1 fuss=0-3000 m.=09848 Eng. ft.
1 juchart=36 are=083956 Eng. acre.
1 maass=1'561 1.
1 saum =100 maass=151 L.

9. Usitep States. Weights and measures as in Great Britain, but along-
side the “long ton" (gross ton) of 2,240 lbs. more frequently the
“short ton " (net ton) of 2,000 lbs.=907-1852 kg.=0-89285 long ton is
employed.

Sqvare Feer, SQuaRe METRE. :

1 square metre (qm.)=10-761 square feet (English and Russian)=10:003
square feet (Austrian)=10-152 square feet (Prussian and Danish)=
11-344 square feet (Swedish).

1 square foot (English and Russian)=009290 square metre.

Cusic Feer, Cusic METRE.
1 cubic metre (cbm.)=35-316 cubic feet (English and Russian).
1 " n =3l i (Austrian). _
1 " n =o02:316 1 (Prussian and Danish).
1 0 w _ =88209 " (Swedish).
1 cubic foot (English and Russian)=0-028315 cubic metre.

1 KrrocraMme PER Runxise METRE
=06719 English pound per running foot.
=06277 zollpfund per Prussian foot.

1 KrLoGrRAMME PER SQUARE CENTIMETRE.
(for steam pressure)
=14-233 English pounds per square inch,
=13-651 zollpfund per Prussian square inch.
=13-578 zollpfund per Austrian square inch.

Horse Powers (per second).

e Austria. Prussia. England. Sweiden. Rassin,
o foot-ponnds. l foot-pounds. | foot-pounds. | foot-pounds. | foot-pounds.

7D 474-53 477-93 542-47 593:90 60085

T6-041 481-11 48156 ool 602-14 609-19

75 kilogram-metres taken as unit.
550 English foot-pounds taken as unit.

=1 Admiralty horse power per second ;
or, 33,000 foot-pounds per minute,



TABLE 30.—TABLES FOR REDUCING ENGLISH TO METRICAL

WEIGHTS AND MEASURES, AND VICE VERSA.

REDUCTION OF METRICAL MEASURE TO ENGLISH MEASURE.

Metor,
Sor.-M.
Cub.-M.

Feat.

Inches.

Square
Feet.

Bonare
Inches.

Cuhic
Feet.

Cuabie
Iuches.

OO =1y =R

32500
6:5618
9-8427
13-1285
16-4044

19-6853
22-:9662
262471
20-5280

39-3706
787412
1151118
157-4524
196-8530

236-2237
2755943
314-9649
354-3355

10-7642
21-5284
82-:2926
43:0568
53:8210

64-5852
oM
56:1136
96-8778

1550-05
3100-09
4650-13
620018
75023

9300-27
10850-31
12400-36
13950-40

358161
706322
1059483
141-2644
176-5805

211-8966
247-2126
282-5287
317-8448

61026-2
1220524
1530786
244104-9
3051311

366157-3
4271835
455209-7
5492359

ENGLISH FEET=METRES.

0-0000
40479
60959
9-1438
12-192

15°240
18288
21356

213584 |

27432

30°479
33527
36575
30623
42671

45719
48767
51815
a 1863
a7 011

03048
33527
6-4007
94486
12497

15545
18592
21640
24-685
27736

30784
33-832
36-880
39928
42976

46024
49°072
52:120
557168
58216

24 993
25041

31-089
24-137
37185
40233
43251

46°329
49°377
52425
55473
58521

0-9144
3 9623

5 | 70103

10°058
13-106

16-154

7119202
5 | 22-250

25°208
258346

31-394
4442
37°490
40°538
435586

46°634
49°642
52729
55777
58825

1-2192
42671
78151
10° 363
13-411

16-459
19-507
22555
25603
28651

31°699
34747
37790
40°842
43°890

46935
49956
33 0534
56052
40°130

1-5240
45719
776199
10-668
13-716

16764
19-812
22-8360
25-908
25955

32:003
35051
38099
41147
44°195

47243
50291
55339
56387
59435

1-8288
48767
79247
10973
14021

17068
20°116
23164
26-211
29260

32-308
35356
35404
41452
44°500

47548
50596
a3 GG

56692
89740

21336
51815
82295
11-277
14-325

17-373
20421
23460
26°517
29565

32613
35661
35709
41°757
44805

47853
50901
53043
56097
60045

24384
54863
8:5342
11°552
14°630

17°678
20726
23774
26:882
29-870 | 30°175

32018 | 33-223
35-966 | 367271
29 l.lll 39-318
42-062 | 42366
45110 | 45414

48158 | 48162
51205 | 51°510
54253 | 54558
57301 | 57606
60°349 GOG34

2:7432
57911
| 88300
11:857
14'935

17983
21031
24079
27127




ENGLISH INCHES=MILLIMETERS.

Inches.

Millimeters,

Inchaa.

Millimeters.

Inches.

Millimeters.

n'ﬁ_j

S0 O e 00 BD

Bt =i

N b S =] % b
£ S o
W O3 b 00

7
8
9
10
11
12

17

78
2052
228°6
2540
279°4
3048

ENGLISH SQUARE FEET=SQUARE METRES.

1

2

0-1858
1-1148
20438
2-9728
39018

4'8308
57508
6-6588
76178
85468

0-2787
1-2077
2:1367
30657
o 0047

4:9237
58527
67817
7°7107
86397

03716
1-3006
2:2296
31586
4087

50166
59456
6-8746
78036
87526

04645
1:3935
2:3225
32515
41805

51095
60385
69675
78965
8:8255

05574
1-4564
2:4154
3 3444
4-2734

52024
61314
70604
79804
89184

06503
15793
2-5083
34373
4'3663

52053
62243
71533
80823
00113

0-7432
16722
2:6012
35302
4°4592

53882
63172
72462
8:1752
91042

ENGLISH SQUARE INCHES=

SQUARE CENTIMETRES.

1 ns..

10
20
30

50
Gi)
70
80

00000
64514
12903
19354
25805

322-57
38708
451°60
516°11
38062

64514
70965
135748
199-99
264-51

320-02
393°53
45805
522 56
58707

12903
77416
14193
206-44
27096

33547
399°98
46450
525701
593°53

19-354
83868
148-38
212-90
2774

341°92
40644
47095
53546
av9-93

25°805
90-319
15483
219°35
25386

34857
412:89
47740
54191
G06-43

32-257
96771
161-28
225°80
20031

354'83
41934
483-85
54837
612-88

38708
10322
16774
23225
296°76

361-28
42579
490-50
Dod-82
G19-33

45160
10967
174:19
23870
30321

36773
432:24
496°76
56127
62578

51611
116-12
18064
24515
S09-67

37418
43569
503821

a6772
63223 |

558062
122-58
1587:09
25160
316°12

35063
41514
20869
57417
63566
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ENGLISH CUBIC FEET =CUBIC METLELS.

Cal.
el UL 1 2 3 4 5 6 7 8 9

0 | 0°:0000 | 0°0283 | 0°0566 | 0-0849 | 0°1133 | 0°1416 | 0°1699 | 0-1982 | 0°2265 | 0-2548
10 | 0-2832 | 0-3115 | 0-3398 | 0-3681 | 0°3964 | 0°4247 | 04530 | 0°4814 | 0-5097 | 0-5380
20 | 05663 | 0°5946 | 06229 | 06513 | 0°6796 | 0°7079 | 0-7362 | 0-7645 | 07928 | 0°8211
30 | 08494 | 0-8778 | 0°9061 | 09344 | 0°9627 | 0°9910 | 1°0194 | 10477 | 1'0760 | 1°1043
40 |1°1326 | 1'1609 | 1-1892 | 1'2176 | 1'2459 | 1'2742 | 1"3025 | 1'3308 | 13591 | 1'3875

50 | 1'4158 | 1°4441 | 14724 | 1'5007 | 15290 | 1'5573 | 1'6857 | 1'6140 | 1-6423 | 16706
G0 | 16989 | 1'7272 | 1'7555 | 1'7839 | 1-8122 l 8405 | 1-8688 | 1'8971 | 1-9254 | 1'9538
70 | 1'9821 | 20104 | 20387 | 20670 | 2:0953 | 21236 | 2:1520 | 2'1803 | 2°2086 | 2°2369
80 | 2:2652 | 2-2935 | 2:3219 | 2:3502 | 2'3785 | 2'4068 | 2'4351 | 24634 | 2°4917 | 2°5201
90 | 2-5484 | 2:6767 | 2:6050 | 2:6333 | 2:6616 | 26900 | 27183 | 27466 | 27749 | 28032

ENGLISH CUBIC INCHES = CUBIC CENTIMETRES.

Cuh.

Tuch 0 1 2 3 + a 6 7 8 B

0 | 0°0000 | 16°386 | 32772 | 49159 | 65-545 | 81'931 | 98°317 | 114'70 | 13109 | 147°43
10 | 163°86 | 180-25 | 19663 | 21302 | 229-41 | 245°79 | 262°18 | 27856 | 20495 | 311°34
20 | 827:72 | 34411 | 36050 | 376788 | 393°27 | 40965 | 426°04 | 442°43 | 455°81 | 475°20
30 | 491°59 | 507-97 | 524:36 | 540°74 | 557°13 | 57352 | 589-90 | 606-29 | 622-67 | 63906
40 | 655°45 | 671°83 | 68822 | 704 ﬁl 72099 | 737°38 | 753°76 | 770015 | 786°54 | 80292

50 | 819-31 | 83569 | 852-08 | 865847 | 884'85 | 90124 | 91763 | 93401 | 95040 | 96678
60 | 983-17 | 999-56 | 10159 | 10323 | 10487 | 1065°1 | 10815 | 1097-9 | 11143 | 11306
70 | 1147-0 | 1163-4 | 1179:8 | 1196'2 | 12126 | 12290 | 1245°3 | 1261°7 | 1278°1 | 12045
S0 | 13109 | 13273 | 13437 | 13601 | 13764 | 1392-8 | 14092 | 14256 | 1440°9 | 1458'4
90 | 1474°8 | 14911 | 1507-5 | 15623-9 | 15403 | 15567 | 1578°1 | 1580 5 | 16058 | 1622°2

ENGLISH POUNDS = KILOGRAMMES.

Lba. 0 1 2 3 4 1 ] 7 8 9

0 | 00000 | 04536 | 09072 | 1-3608 | 1-8144 | 22680 | 2:7216 | °1751 | 3-6287 | 4°0823
10 | 45359 | 4°9895 | 5:4431 | 5-8967 | 6°3503 | 6:8039 | 7-2575 | 7°7111 | 8-1647 | 86183
20 | 90719 | 9°5254 | 99790 | 10-433 | 10-886 | 11°'340 | 11°793 | 12247 | 12°701 | 13'154
50 | 13:608 | 14061 | 14°515 | 14:969 | 15-422 | 15876 | 16°329 | 16-783 | 17°237 | 17°690
40 | 18'144 | 18597 | 19051 | 19504 | 19958 | 20°412 | 20°865 | 21°319 | 21'772 | 22:226
50 | 22680 | 23'133 | 23 58? 24-040 | 24494 | 24948 | 25°401 | 25°855 | 26 308 | 26°762
60 | 27-216 | 27-669 | 28 123 | 28'576 | 29-030 | 20-484 | 29937 | 30-391 | 30-844 | 31'296
70 | 31751 | 32-205 | 32:659  83°112 | 33-566 | 34°019 | 34-473 | 34927 | 85380 | 35334
S0 | 36287 | 36°741 | 87°195 | 37-648 | 38102 | 38555 | 39-009 | 39-463 | 39916 | 40°370
90 ' 40-823 | 41°277 | 41731 | 42'184 | 42638 ; 43091 | 43°545 | 45998 | 447452 | 44006




LNGLISH TONS = EILOGRAMMTIS.

ELEZ2Z ggg;# ['I'UDH:

0-0000

10161
20321
30452

50503
60964
71125
81285
91446

1016
11177
21337
31493
41659

51819
61950
72141
82302
92246

2032
12193
22353
32514
42675

52835
62096
73157
83317
93478

3048
13209
23369
33530
43691

53851
64012
74173
84333
91491

4064
14225
24386
34546
44707

54868
65023
75189
85346
95510

5030
15241
25402
35562
45723

558814
Go044
76205
S6366
96526

6095
16257
26418
86578
46739

56900
G7 0G0
77221
87382
97542

7112
17273
27434
87594
47755

57916
63076
78237
83398

03558

8129
18239
28450
45610
45771

58032
69092
79253
80414
09574

9145
19305
20466
U627
40787

59948
70103

269
00430

1n0G90

ENGLISH GRAINS = GRAMMES.

Grai

n-, i

10
20
a0

50
G0
70

ﬂﬁn
1 361

2657
3-305
3953
4'601
5249
5897

'1296 ‘194

'542

2074 | 2138
2721 | 2786
3369 | 3:434
4015 | 4082
4666 | 4730
5314 | 5878
5962 | 6:026

259

907
1'555
2:203
2851
3499
4147
4795
5443
6091

324

972
1620
2-268
2:016
8564
4°212
4-860
5°508
6156

‘389
1037
1635
2-333
2981
3629
4277
4-925
5573
6:221

518
1166
1-514
2452
3110
3758
4 I-{'.II!"
5054
5702
G350

GRAMMES = ENGLISH GRAINS.

Ciraimines,

b

]

Mg~ o

15°432
30864
46296
61728
77160

1'543
16975
32407
47°839
63271
78703

3036
18518
33:050
49382
64°514
80-245 3

4629 |

200061
35493
50°925 |

6172
2]

52468

1604 |
37036

06375 | 67000 | 69444
SL78) 83332 81876

9259
24°G91
40123
55'655
70°987
56419

10-802

26-224 |

41°GG6
67098
72:530
87062

12:315
27777
43-209
A5G
74073
80505

13-808
20°3.0
44752
6151
707616
91045




80

TABLE 31.—WEIGHT OF SHEET METALS.
WEIGHT OF A SUPERFICIAL FOOT.

Tg:;:: : Wf?‘;]]ﬁm I(:.ﬁ;t: Steel. Copper. Brass. Lead. Zinc.
Inches. Lhb. Lb. Lhb. Lh. Lb. T.h. T.h.
o5 .58 2-34 2:0b 2-89 2-73 371 2:34
= 505 4-69 510 78 547 742 469
=2 ThS 703 766 B8-67 5-20 11-13 703
.]!. 1[] 10 9-33 10-21 11:76 10-94 14-83 9:33
& 12:63 11-72 12:76 14-45 13-67 15-54 11-72
2 1516 | 1406 | 1581 | 1734 | 1641 | 2225 14-06
-]—7“— 768 16-41 1787 20-23 19-14 2596 16:41
= Eﬂ 21 1875 20-42 23-13 21-88 20-67 1875
F= 92-78 21-09 20-97 2602 24-61 33:38 21-09
2 2527 03-44 2552 2891 S84 3708 23-44
1i 27-79 2578 2807 81-80 | 8003 | 4079 25T
3 30-31 2513 30-63 84-69 3281 44-50 95-13
12 32-84 30-47 8318 37-58 3255 48-21 30-47
i 3587 32-81 8273 4047 35828 51:92 32-81
1s 87-90 3516 3828 43-36 41:02 5563 35°16
1 40-42 8760 40-53 4625 4375 59-33 37-00
TABLE 32.—COINAGE OF DIFFERENT COUNTRIES.
Exact Value in
AvusTRIA— Ly 0 e
1 Vereins Thaler (=1 former Prussian Thaler) ........ 0 2| 11-24
1 Gulden=100 Neukren2Zer ... iicsessssisnsmmsasassssnines 0 1| 1149
1 Maria Theresia Thaler .......ccossienssmmsasassssssnssisasss 0 4 1-46
T 11 < e 0 9| 478
4 Gulden Gold=10 Francs ; 8 Gulden Gold =20 Francs
BeLcium=France.
BraziL—
1 Milreis=1,000 Reales.....ceivuerirusiansnreannas 0 2| 348
CHiLi—
1 Peso=100 Centa VOB, cocvassissassmmssnsinsassnsansasasansasassas 0 3| 1158
DeENMARK—
1 Rigsbankdaler=6 Marks=90 Sklllmws ............... 0 91 267
1 Ixrone—lﬂﬂ NS iy et ia 0 1| 082
EasTt InpIa—
1 Rupee==16 ANNAs......cccornrrmreraiesniens 0 21 O
Ecyrr—
1 Bag of Gold=380,000 Piastres ......cceemmmniiinis 273 2110
1 Pinstre=—=30 PATA coverrrscceararsnsssarssassssarancsasasansnanaes 0 0| 26
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TADLE 82.—COINAGE OF DIFFERENT COUNTRIES. —Continued,

Fxnet Value in

FraNcE— .
1 Frane=100 Centimes
The 20-Franc piece contains 58063

The 5-Franc piece contains 22:5 g. fine silver .........

GErMAN Enring—
1 Mark=100 Pfennig............
The 20-Mark piece contains 7-

GrREAT Britain—

1 Pound Sterling econtains 7-3224 g. fine gold............

1 Shilling contains 5231 grms. fine
GRrEECE—

1 Drachma=100 Lepta=1 Frane (=France) .cuieeess

ItaLy—

1 Lira=1 Franc (=France) ...............

JAPAN—

1 Silver Itzebue=100 Cents

Ve e e S TR ) T
1 Silver Yen=100 Sen .......
MEexico—

1 Piastre (Peso, Mexican Dollar)=8 Reales=100 Cents

1 Doblon=16 Piastres ...
NETHERLANDS—

1 Guilder=100 Cents................ B R A i e e

1 ‘Erillemsd’ol‘llil'tlllil-l. " Ll

17k i R SRR SR S e

ORWAY— A
1 Krone=100 Qere ..........

1 Species Daler=120 Sknlllhg5 -

ERSIA—

1 Toman=10 Keran .......... Y T

1 Rupee Silver...........cooeerei..
ERU—

1 Sol (Peso)=10 Dineros=100 Centavos .......

Porrugar—
1 Milreis (in accounts)
1 Milreis (silver)

1 Tostao=100 Rms S

OUMANIA—

1 Piastre=1 Franc (F rance)
Russia— :

1 Silver Rouble=100 Kopeks .......

1 Half-Imperial=5 Rouble Gﬂld——.:lﬂSTg fine guld

1 Paper Rouble .........
SERVIA— -

1 Dinar=1 Franc (=France) .......
Sparv—

1 Pessta=1 Frane (=France) .......

1 Duro (Spanish Dollar)=2 Escudos:bPaet&s:ﬂG |

Reales ............
SWEDEN—
1 Kronor=100 Qere .......

1685 g. fine old oo,
The 5-Mark piece contains 25 g. fing gilver ......c.coruns.

g. fine gc-‘{l

BLLVEr  ..ccveenien

EEERAA NS SR R R R
CEEY
®

Faam

LEE LY Y mEE A

0
0

=

s!

0
15
b

0
19

d.

9-516
10-31
11-58

11745
6:56
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TABLE 82.—COINAGE OF DIFFERENT COUNTRIES.—Continued.

Exact Valus in
SwiTZERLAND==France, £ s.| d.
TurgREYy— i

1 Piastre=40 P&I‘&.=12E| A.EP-EI‘ e e o o 0 0 21

1 Turkish Pound (Yuslik) .ecocermmirmimiimnnn. 0 (18] 1
UNITED STATES—

1 Dollar=10 Dimes=100 Cents ....ccceeerrerrsoarassnnsssans 0 &1 115

1 Eagle=10 Dollars=150463 g. fine gold.....cc.ecvuenen. 2 1| 5116

TABLE 33.—AIR-COMPRESSION.

The following table is compiled with a view to facilitate calculations of
problems connected with the application of com ressed gases. The table
‘s strictly correct for air only, but is applicable also to other gases, such as
lime-kiln gases. The tablerelates to 1 cub. foot of atmospheric air measured
at 60° F. and 2992 inches barometric pressure, and shows the volume,
temperature and pressure after adiabatic compression; also the height of
a column of water which the compressed gas will just balance, and the
power required to compress the air in foot-pounds (83,000 ft.-1bs. per minute
—1 indicated horse power), and the mean pressure on the air piston.

Final Pressure| Column of Volnme of | Temperature MEnn Foot-pounds
e ﬂ:;:,g' o thf;;'rt:ﬁﬁll compressed L : pressareon | mfp o
Atmosphere. balance. Alr, COTOHIREION piston. . cuh. foot
ThR: foet, cub. feet. F. 1bs. per&q.in. | o4 oaph. air.
10 23-12 0-692 144-5 823 1156-3
12 2775 655 16581 958 18557
14 82:37 622 1710 10-86 1564
16 a7-00 593 1840 12-08 1739
18 41-62 667 196:0 1323 1907
20 4625 044 2073 14-35 2066 .
232 o057 523 2183 1542 2220
24 5550 504 2286 1545 2363
26 612 456 239-0 17-43 2510
28 64:75 469 249-0 18:39 2647
30 69-37 454 25582 19-32 2782
32 74:00 440 2675 2021 2910
M 7562 428 2764 21-07 3054
36 825 416 2853 2192 8156
a8 8787 404 293-5 2274 3275
40 9250 804 8018 23-58 3339
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1. FUEL AND FURNACES.
A.—FUEL.

Should be tested in the case of lignite, peat, coal, coke. Refer to the
Appendix as to sampling.

1. Moisture.—Heat 100 to 200 grms. of coal to 105° C. (not above), for two
hours, preventing access of air as much as possible. At a higher tempera-
ture the result might be too high, owing to escape of volatile matters, or too
low, owing to a partial oxidation. The moisture sample should be broken
up quickly into pieces not smaller than a bean, otherwise too much water
would evaporate during the process. Lignite and peat are heated to 100°C,
for five or six hours, and repeatedly weighed, till no further diminution of
weight takes place. Coke is heated to 110° C. for two hours.

2, Residual Coke (Fixed Carbon)—One grm. of finely-powdered eoal is
placed in a platinum crucible at least 13}in, deep, provided with a tightly
fitting cover, The crucible should then be heated by means of an ordinary
Bunsen burner, the flame of which should not be less than 7 in. high. The
erucible should be supported on a triangle of thin wire, and it should be so
placed that the space between the bottom and the top of the burner is not
more than 1} in. The heating ought not to last longer than a few minutes,
but must be continued as long as any appreciable quantity of inflammable
matter escapes, If the flame be smaller, or the crucible be supported by a

Fig, 1.

stout wire triangle, the yield of coke will be.too high. The results should
always be caleulated upon coal or coke free from ash, in order to render them
comparative. Good coal for reverberatory furnaces should yield from 60 to
70 per cent. of coke.

8. Ash.—This estimation is very simple for lignite or peat ; coke requires
a very high temperature; coal which cakes presents most difficulties. The
latter must be powdered very finely, and heated up gradually, so that the
volatile matters may escape before the powder can form a cake., If an
analysis is only occasionally required, 1 to 8 grms. of finely-ground coal is
heated in a platinum crucible, which is fitted in a holeinto astoneware slab,
or better, in asbestos board. (Fig.1.) This is placed in a slanting position
on a tripod stand. The slab serves to separate the air required for oxidation
from the gases of the burner, and greatly hastens the combustion, which is
thus completed in two hours, whereas without the slab it frequently re-
mains incomplete even after 8 or 10 hours’ heating. It is not advisable to use
a blow-pipe, because the chance of mechanical loss is thereby greatly in-
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creased, If determinations have to be made frequently, it is preferable te
effect the combustion in a mu file furnace, or still more quickly in a platinum
boat placed in a heated porcelain tube, through which a current of oxygen
is passed. When using the latter, the coal or coke should be broken in
small pieces, and not ground fine, or else the oxygen does not come suffi-
ciently into contact with the lower strata.

B.—FURNACES.

L. Chimney Gases.—In these, CO,, O, CO, and N (the latter by difference)
are most conveniently estimated by means of Orsat’s apparatus, consisting
of a gas burette divided into 100 cub. centim., from which the gas can be
forced by raising a water bottle connected by an indiarubber tube with the
lower end of the burettes into three separate U-tubes, closed by glass taps
at one end and open to the atmosphere, or preferably closed by a thin india-
cubber ball at the other end. These U-tubes are filled with different ab-
sorbing reagents ; for CO, with solution of caustic potash, of Spec. grav.
1'20—1-28; for O with very thin sticks of phosphorus, obtained by sucking
phosphorus, melted under water, into a glass tube }in. wide, or with very
small and irregular pieces of phosphorus obtained li)_‘j? shaking up melted
phosphorus under water—the whole to be always kept under water, pro-
tected from light, from any tarry matters, etc., and never to be employed
below a temperature of 18° C. (if the temperature of the working room is
below this, the absorption is too slow, but can be started at once by cau-
tiously warming the tube with a spirit flame). For CO serves a mixture of
10 grms. cupric chloride, 90 cub. cent. concentrated hydrochloric acid, 20
cub. cent. of water, and sheet copper sufficient to reduce it, the whole
brought together at least 24 hours before using it. This reagent also ab-
sorbs any ethylene present, which would thus be estimated as CO; but this
is quite immaterial in chimney gases, in which it is usually quite sufficient
to estimate only the CO, Itshould be frequently renewed.*

2. Gas from Producers (Generators).—As & rule only CO, and CO are
estimated by means of Orsat’s apparatus (see preceding paragraph). Any
C.H, present would be absorbed and estimated together with the CO. II
can be estimated in the residue by mixing it with a measured volume of
air, and passing the mixture over gently-heated platinum or palladium
ashestos,| most conveniently in Lunge’s modification of Orsat’s apparatus,
fitted with a capillary tube for receiving the asbestos, a small spirit lamp
turning on a pivot, and an extra U-tube filled with water, into which the
gas is forced through the capillary tube containing the asbestos, and from
which it is drawn back again into the gas burette. The gas freed from
CO,, CO, C.H,, and from O, if present, is mixed with as much air as the gas
burette will admit of. This will suffice for a quantity of hydrogen corres-
ponding to ;% of the employed volume of air (i.e., twice the volume of
oxygen contained in thatair), If more H be present, which will only oceur
with “ water gas,” either less than 100 cem. of gas must be employed at the

* A formula for calculating the efficiency of fire-places from estimations of the percentage
of CO, in the chimney-gases ig given on p. 181.

t This ean be obtained ready made from Mawson & Swan, at Newcastle-on-Tyne, or is pre-
pared by soaking a few threads of long soft asbestos in a strong solution of platinom or
palladinom chloride, mixed with a saturated solution of sodium formiate and enough sodinm
carbonate to produce alkaline reaction. After one hour’s soaking the asbestos ig dried com-

letely in a water bath, whereby the metal is precipitated in an extremely minute state of
Eivisinn* The goluble salts are then washed out by hot water and the asbestos dried again.
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commencement for the analyses, or the residual gas is mixed with oxygen
instead of with air. The capillary tube is heated very gently and the
gaseous mixture is quickly passed once through it and back again, when
one end of the platinum asbestos should become red hot. The residual gas
is measured once more, and 2 of the diminution in volume caleulated as
hydrogen. If methane (marsh gas, CH,) is to be estimated, the residue from
the last operation is mixed with more air and burnt by means of an electrie-
ally-glowing palladium or platinum wire, enclosed in a capillary tube. If a
capillary platinum tube is employed, filled with a few platinum wires, so
as to leave a very small space for the gases to pass through, the electric
%eating may be replaced by a broad gas flame, producing a strong red
eat.

3. Speed of Draught.—A convenient apparatus for measuring this in
chemical works, where any fine mechanism would soon be ruined, is
Fletcher’s anemometer, based upon the movement of a column of ether in a
- U-tube (described in “ Lunge’s Sulphuric Acid and Alkali,” 1. 830; I11.,361).
Fig. 2 shows this in the simpler form, leaving out the microscopes, which

i

ERE

%ﬁ’” o
i

erl

Fie. 2. Fic. 3.

are quite unnecessary for reading the divisions of the seale or the vernier.
The ends of the glass tubes @ b should be placed rather less than one-sixth
of the diameter of the flue from its inner wall. The straight end of a ought
to be as exactly parallel as possible to the direction of the draughts; the
end of b ought to be exactly at a right angle to this, and so that the
current would blow into it. Without this precaution a mistake is made,
which is avoided by the arrangement shown in Fig. 8, and proposed by
Hurter, viz., employing tubes with ends bent in opposite directions. U'he tubes
a b communicate with the ether tube ¢ d ; the Sra,ught causes the ether to
rise in @ by aspiration, to fall in & by the pressure of the air blowing into
the tube. The difference of level between ¢ and d is read off by means of
the scale and vernier. Now the sliding disc e is turned 180°, whereby
the currents are reversed. There will now be a difference of levels in the
opposite direetion, but equal in amount to the first, if the observation is
correct, The sum of these two differences is meant by the “anemoun_ tor
readings ” in the tables.
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The following tables show the application of the readings of the Anemo-
meter for caleulating the speed of draughts, both for instruments graduated
on the inch scale and for those on the metrical scale.

a.—TABLE TO SHOW THE SPEED OF CURRENTS OF AIR,
At a temperature of 15° C.=60" F. ; Barometer, 700mm.=2902 inches,
A.—READINGS IN INCHES.

Anemo- Bpeed Anemo- Bpeed Anemo- | Speed Anemo-| Speed
metber Feet | meter Feet meter Feet meter Feet
Reading per | Reading per Reading per Reading| per
Lnches. Becond. I Inches. | Second. Inches. Second, || Imches. | Second.
|
01 285 || 18 11-42 32 16°15 95 | 2783
032 4053 ‘17 11°77 B4 16°6G5 1:00 2535
03 4 145 ‘18 12-11 ) 7713 1'25 31 93
04 5710 19 1245 38 1760 1-50 S4U7
U5 G484 20 1277 40 1306 175 STTT
(6 6003 21 13:08 45 19°15 200 40037
07 7654 22 13:39 5l 2018
08 5075 23 1370 32 2117
04 8565 24 13°99 Gl 22-13
‘10 9023 25 1428 ‘0d 2302
11 9-4G9 i 26 1456 T 2380
*12 9801 I o8y 14°84 ) 2473
13 10°29 28 1511 S0 25°54
*14 10°G8 29 1538 -85 26-32
15 1106 a0 1564 90 [ 27708
| |
D.—RBREADINGS IN MILLIMETERS.
F - | : |
'Reafl-l Speed. | Read | Speed. R_-&ad-! Speed. .iﬁemla! Speed.| Rend- | S.eed. : Read- Speed.
ing. ing ing.  ing. ing, ing.
mm.| m. | mm.| m. min. m. J| mim, m. || mm. m, mm, | m.
01 | 0575 || 14 | 2:040 || 27 | 2:833 J 50 | 3855 | 1000 | 5452 || 190 | 7515
02 | 0771 || 1'56 | 2111 || 28 | 2:885 '| 652 | 3931 |' 105 | 5586 || 2000 | 7-71D
03 | 0944 || 1°6 | 2:151 5| 20 | 2:935 | 54 | 4006 | 110 | 5718 || 21 7900
04 | 1°090 || 1°7 | 2248 || 8°0 | 2986 | 5°G | 4080 | 11'5% 5846 || 22 8086 .
05 | 1'205 || 1'8 | 2313 || 32 | 3077 | 68 | 4152 | 120 | 5972 || 28 5268
06 | 1:341 || 1'9 | 2376 || 84 | 317 |, 60 | 4223 | 125 | 6095 | 24 8446
07 | 1442 || 20 [ 2438 || 36 | 3271 65 | 4395 | 130 | 6216 || 25 8G20
08 | 155 21 | 2498 || 88 | 53861 | 70 | 4561 | 135 | 6334 || 30 0443
0'9 | 1636 || 22 | 2557 || 4'0 | 8448 | 75 | 4721 | 140 | 6450 || 35 [10°199
10 {17724 || 23 | 2615 || 42 | 83469 | 80 | 4876 | 15'0 | 6667 ‘ 40 10-903
171 | 1808 || 24 | 2671 || 44 | 3616 | 85 | 5026 | 160 | 6896 | 45 11°555
12 | 1°880 || 25 | 2726 |46 [ 3693 (90 | 5172 | 170 | 7108 || 50 12190
13 | 1966 || 26 | 2779 |48 | 8777 | 95 | 5314 | 180 | 7314 ‘
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B.—CORRECTIONS FOR TEMPERATURE.

Colurm @ shows the temperature of the chimney or flue, column b the
factor for multiplying the figure found in Table a in order to arrive at
the real speed of the current of gas,

A.—READINGS IN DEGREES FAHRENHEIT.

Fa'ir. b P b ' a b | @ b

i | ‘

o | 10634 a0 | 0ore3 180 | 09012 as0 | o7s6s
5 10577 95 09679 1585 08977 E 07763
10 1:0520) 100 0-9636 190 0-5913 25 0 7663
15 10464 105 09593 195 0-3909 450 07556
o0 | 10109 | 110 | 09551 200 | 08875 45 | 07454
o5 | 10335 || 115 | o00500 210 | 08308 500 | 07356
50 | 10302 | 120 | 09168 920 | 08743 525 | 07261
a5 | 10250 | 125 | 09498 230 | 08680 550 | 07171
a0 | 10108 | 130 | 09388 210 | 0614 575 | 0-7085
45 | 1018 | 135 | 09388 950 | 0-S557 || 600 | 07000
s0 | 10008 | 140 | 09309 %0 | 08197 650 | 06841
55 | 10019 | 145 | 09270 270 | 08438 700 | 06891
60 | 10000 | 150 | 00232 250 | 08380 750 | 06352
65 | 09952 | 155 | 00194 200 | 0324 800 | 06120
70 | 09905 || 160 | 09136 300 | 0269 850 | 06207
75 | oosss | 165 | 0om9 a0 | oSz | 900 | o6ist
g | oosiz | 170 | 09083 310 | 08060 950 | 06070
&5 | o967 | 175 | 00047 360 | 07960 ' 1000 | 05964

B.—READINGS IN DEGREES CINTIGRADEL.

il il (i 8 i 1 i)
t°C b Vo b 0 b &0 b t°C b | vl b
|

—~10 | 1016 | 18 | 00995 || 42 | 0-936 66 | 0922 || 140 | 0835 || 260 | 0-735

- 51026 | 20 | 00991 || 44 | 0953 63 | 0°919 || 150 | 0825 || 270 l]'.rES
0711027 | 22| 00938 || 46 | 0°930 70 | 0°916 || 160 | 0-815 || 280 | 0721
211023 | 24 | 00935 || 45 | 0°947 75 | 00909 || 170 | 0806 || 290 | 0-715
4 | 1020 || 26 | 0931 || &0 0944 80 | 0°903 || 180 | 0°797 || 300 | 0°709
611016 || 23 | 00978 || 53 | 0-941 85 | 00897 || 190 | 0°788 || 320 | 0697
81012 | 30 | 0975 || 54 | 0°938 00 | 00890 || 200 | 0780 || 340 | 0°685
10 | 1:009 || 32 | 0972 | 56 | 0-935 95 | 00884 || 210 | 0772 || 360 | 0676
12 | 1°005 || 34 | 0963 || 58 | 0933 || 100 | 0°878 || 220 | 0764 || 400 | 0°G54
14 | 1:003 || 36 | 0963 || 60 | 0930 || 110 | 0:867 || 250 | 0756 || 450 | 0°G31
15 | 1000 || 33 | 0-962 || 62 | 0927 || 120 | 0°856 || 240 | 0°749 | 500 | 0GOS
16 | 0993 | 40 | 0959 || 64 | 0924 | 130 | 0°845 || 230 | 0°742
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A very simple and cheaper instrument is also
Seger’s Differential Anemometer, Fig, 4. The
U tube A is surmounted by two enlargements, B
and C. D is a sliding scale, adjustable by slits aa
and screw-pins bb. The tube is filled with two
not mixable liquids ; for instance paraffin oil and
dilute spirits of wine (colourcd), of nearly equal
specific gravity. The line of contact, at X, is
marked by the zero point of the scale D. If an
aspirating force is acting on the surface of the
liquid in C, the level of the liquid will be raised
in C, and the point X will be lowered at a mul-
tiplied ratio, corresponding to the difference in
the sectional area of the narrow part of A and
the enlargements in C, say 1:20.

C.—TEMPERATURE.

None of the ordinary pyrometers are reliable
for any length of time, not even that of Siemens,
whose high price and inconvenient shape prevent
its general use. We mention, of more recent
pyrometers—

1. Gauntlett’s metal pyrometer, manufactured
by Schiffer and Budenberg (Magdeburg and
Manchester). This can be used up to 900° C., or

Fis. 4. 1,600° F., but the metallic parts must be well pro-
tected.

2. Steinle and Hartung’s (of Quedlinburg, Germany) graphite pyrometer,
graduated up to 1,200° C. (say 2,000° F.) This, as well as Gauntlett’s or
other pyrometers, must be controlled from time to tune, preferably by a
calorimeter.

8. Fischer's Calorimetric Pyrometer consists (1) of a wrought-iron box
fitted with a lid, and welded to the end of a long rod, by means of which it
can be placed in the space whose temperature has to be taken ; (2) of a
small eylinder of wrought iron, copper,* or platinum, say 2ec. long by le.
diameter, which is accurately weighed and exposed to the heat of the
furnace, ete., within the above iron box; (3) of the calorimeter itself, viz.,
a vessel made of thin sheet copper, about 6c. wide by 15c. deep. This is
surrounded by a thick wooden jacket (preferably having a space in between
which can be filled up with loose wool, fur, and the like), and can be mani-
pulated by a wooden handle without grasping the jacket itself. The wvessel
1s fitted with a brass cover provided with two holes, one allowing a fine
thermometer (graduated in tenths of degrees) to pass through, the other, 2c.
wide, for dropping in the hot metal cylinder. Through this hole also passes
the wire handle of a copper disc, a little less in diameter than that of the
calorimeter, which serves as a stirrer, This vessel is filled two-thirds with
an accurately weighed or measured quantity of water. The operation is
performed by exposing the metal cylinder No, 2, enclosed within the box
No. 1, long enough to assume the temperature of the furnace at least for 20
minutes; then quickly take out the box, remove the lid by a foreeps, and

* Copper does not, however, last well, scales of CuD forming the first time it is used,
while iron can be used daily for three months without Ereat error.,
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drop the hot eylinder into the calorimeter No. 8, whose temperature=¢® has
been ascertained just before, The eylinder falls upon the disc of the stirrer,
which is rapidly moved up and down, constantly observing the thermometer.
When this is at its maximum, it is read off. This temperature we will call
t'. We must further know the weight of the metal eylinder=p; its specific
heat=c (this is 0-094 for copper, 0114 for wrought iron, 0:082 for platinum,
but increases with the temperature, so that there is here a source of in-
accuracy); the weight of the water within the calorimeter, added to the
water-weight of the copper vessel and stirrer itself=p! (water-weight means
the actual weight multiplied by the specific heat. i.e., 0:094 for copper ; the
thermometer, if very slender, may be left out of the calculation). The
temperature of the hot eylinder T is found by the formula—

T=¢ 4 p! (111"
be
If p' and p are constant, the magnitude

Pl

rec
can be converted into a factor, by which the difference of thermometer
readings is multiplied, thus at once yielding the temperature sought, after
the first temperature ¢! has been added to the product. For practical pur-
poses it is convenient to choose the quantities so that this factor becomes a
simple number., For very high temperatures the value

Fl

pe
should not be less that 50. For lower ones it will be sufficient if it is 25,
but it should not be chosen less than 25. The same factor will, with the
same apparatus, yield Fahrenheit degrees if a Fahrenheit thermometer is
used instead of a Centigrade one. The mean specific heat of iron between
0° C. and £ C. is G=0105340-000071 ¢* (Béde). By means of this value for

the mean specific heat of iron, the temperature can be calculated according
to the following formula :(— .

i \/(p-(.a:_;mpp{&1na3+n-nuoﬂf1:1;. 2 4c 92) :
0-000071p 263080 - utan

Siemens’ copper pyrometer, which is on the same principle, gives the
degrees corresponding to the readings of the thermometer without any
caleulations by means of a special scale; but the indications of this instru-
ment are very rough.

2.—SULPHURIC ACID MANUFACTURE.

A.—BRIMSTONE.

1. Moisture—~In order to prevent the evaporation of moisture during
grinding, an average sample of the unground or only mughly—ﬂrusheﬁ
materials weighing 100grms. is dried at 100° C. for some hours in an oven
or water-bath.

2. ﬁsé’!es.wlﬂgrms. are burnt in a tared porcelain dish, and the residue
weighed.

B.g Direct Estimation of Sulphur.—(Macagno, Chem. News, v. 43, p. 192).
50grms. of the finely-ground brimstone are dissolved in 200c.c. earbon
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bisulphide by digesting in a stoppered bottle at the ordinary temperature,
and the specific gravity of the liquid=s is estimated. This must be reduced
to the specific gravity at 15° C.=8 by means of the formula (valid up to 25°
C.) S=s+00014 (¢—15°). The following table gives for each value of S the
percentage in this solution, which number must be multiplied by 4 to
indicate the percentage of sulphur in the sample of brimstone :—

SPECIFIC GRAVITIES OF SOLUTIONS OF SULPHUR IN CARBON

BISULPHIDE,
| |

Soec. | % |/ Spee.| % ||Spee. | % | Spee y | Spec /|| Spec

Grav. | =] | Grav, | 8 ]Ggﬂ-v. é G!;ELV - G!mv g GE&? %
1271 | 0 ‘ 1-292 | 50 ||1-:313 | 102 || 1-334| 152 || 1-355 | 204 || 1-376 | 281
1272 | 002 || 1293 | 58 || 1'314 | 104 || 1'835 | 15'4 || 1'356 | 206 || 1377 | 2585
1-273 | 04 ||1:294| 56 (1315 | 106 || 1336 | 156 | 1'357 | 21-0 || 1-373 | 290
1274 | 06 ([1-295| 58 |(1816 | 10'9 (| 1-337 | 159 || 1'353 | 21'2 (| 1-379 | 297
1:275 | 09 || 1:295| 60 || 1'317 | 111 || 1'338 | 16°1 | 1:359 | 21-5 || 1-380 | 30-2
1276 | 1'2 || 1297 | 63 |[1'318| 11°3 ||1-339| 164 || 1'360 | 21'8 || 1'381 | 308
1:277 | 14 |(1-298| 65 || 1319 | 116 || 1340 | 166 || 1-361 | 22-1 || 1-382 314
1278 | 1'6 || 1°299 | 67 || 1320 | 11-8 |{1'341 | 169 | 1-362 | 22-:3 || 1383 | 819
1-279 | 1-9 ||1-300| 70 || 1820 121 ||1-843( 171 | 1363 | 227 || 1384 | 32°6
1230 | 21 |[1°300L| 72 || 1822 | 123 || 1343 | 174 | 1-364 | 23-0 || 1'385 | 832
12681 | 2411302 75 ||1323| 126 || 1344 | 176 || 1865 | 232 || 1'386| 338
1-282 | 26 || 1303 | 78 ||1'324 | 128 || 1'345 | 17'9 || 1°366 | 23-6 || 1°387 | 345
1-283 | 20 ; 1'304 | 80 || 1325 131 |[1°346| 181 | 1367 ' 2470 || 1-388 | 352
1-284 | 81 || 1°305| 82 || 1'326 | 13'3 || 1-347 | 184 | 1'368 | 24:3 || 1'389 | 36°1
1:235 | 34 | 1306 | 85 (| 1°327 | 13'5 || 1-348 | 186 || 1'369 | 24'8 || 1-390 | 367
1-286 | 36 | 1307 | 87 (| 1323 | 138 ||1-349| 189 || 1-370 | 251 || 1391 | 372
1287 | 89 ‘ 1308 | 89 ||1-329 | 140 || 1350 | 190 | 1'371 | 256 || (saturated)
1-288 | 41 |{1°309) 92 ||1'330| 142 ||1-351 | 193 | 1372 ' 26-0

1289 | 44 |[1°310]| 94 ||1331 | 145 || 1-352| 196 || 1'373 | 26°5

1290 | 46 || 1°311 | 97 || 1332 | 147 || 1'353 | 199 |l 1"374 ! 269

1291 | 48 |/ 1312 99 | 1333 | 150 || 1354 | 2ul || 1375 274

B.—SPENT OXIDE OF GASWORKS.

This is contaminated with saw-dust, tarry matters, and variable quantities
of lime, ete., which latter retain part of* the sulphur in burning, hence a
method is employed which estimates only the recoverable portion of the
sulphur (Zulkowsky, Dingler's Journal, v. 241, p. 52). The sulphur of the
spent oxide is burnt with the aid of platinized asbestos (comp. p. 86), the
oases are passed into a solution of caustic potash and potassium hypobromite,
and the sulphurie acid there condensed or formed is estimated by precipi-
tation with BaCl,, The combustion takes place in a combustion tube (Fig.
b) 2ft. long, narrowed at @, and drawn out at the end into a long tubs, not
too thin, and bent downwards., B:tween ¢ and b there is a layer of asbestos
8in. to 10in. long, and at a distance of 3in. or 4in. from this a porcelain
boat with about 0-4grm. spent oxide. The end of the tube at & is connected
with an oxygen gasholder. The absorption takes place in the two 3-bulb
tubes ¢ and d (5lin. high) and the tube e, filled with glass-wool. The
absorbing liquid is made by dissolving 180grms. caustic potash (purified
with aleohol from sulphate) in water, adding 100grms. bromine, taking care
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to keep the mixture eool, and diluting to 1,000c.c. 80c.c. of this suffice for
estimating O-5grm. sulphur. The tube e ought also to be moistened with it.
First heat the portion of the tube between a and b, passing moist oxygen
through it at the same time ; then heat the boat from the right to the left,
lastly the tube, up to the place f. The current of gas must be much
stronger than for an organic analysis, lest any sulphur should escape un-
burnt, but not so strong as to draw off any SOz unabsorbed. So long as

Fia. b

any dew appears at k it must be driven into the receiver with a Bunsen
burner. When this ceases (usually in about an hour) the experiment 1s
finished. The receivers are then taken off, washed out, and the acid re-
maining in & is recovered by aspirating several times water through it.
All the liquids are united, supersaturated with HCI in order to decompose
the potassium hydrate and hypobromite, heated, concentrated if necessary,
and the sulphuric acid is precipitated with BaCl,, as directed in the follow-
ing paragraph (C 2).

In lieu of the bromine solution proposed by Zulkowsky, hydrogen
peroxide can be used; but it must be free from sulphuric acid, or else the
sulphurie acid contained in it must be allowed for. In this case the analysis
may be performed volumetrically by means of caustic soda solution.

C.—PYRITES.

1. Moisture—The ground pyrites is dried at 105° C. till the weight re-
mains constant. For the following tests the pyrites is not employed in the
dried state, but the finely-ground average sample, as it is kept in a well-
sealed bottle. Compare the Appendix as to drawing and reducing an
average sample,

92, Sulphur.—About 0-5grm. of pyrites is treated with about 10c.c. of a
mixture of 8 vols. nitric acid (specific gravity 1-4) and 1 vol. strong hydro-
chloric acid, both ascertained to be absolutely free from sulphuric acid.
Avoid all spurting. Heat up the mixture now and then, evaporate to
dryness in a water-bath, add 5c.c. hydrochlorie acid, evaporate once more
(no nitrous fumes ought to escape now), add lc.c. concentrated hydrochloric
acid and 100c.c. hot water, filter through a small filter, and wash with hot
water. The insoluble residue may be dried, ignited, and weighed. It may
contain, besides silicic acid and silicates, the sulphates of barium, lead, and
even caleinm, whose sulphur, as being useless, is purposely neglected. The
filtrate and washings are saturated with ammonia, avoiding much excess
of it and keeping the hot liguid about 10 or 15 minutes before filtration,
but net boiling till all the ammonia is expelled (in which case the preci-
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pitate contains some basic sulphate). The precipitated ferric hydrate is
filtered and washed, This can be done in from half to one hour, by em-
ploying the following precautions: (1) Filter hot, and wash on the filter
with hot water, avoiding channels in the mass, but so that the whole
precipitate is thoroughly churned up with the water each time (washing
by decantation would produce too great a bulk of liquid); (2) employ
sufficiently dense but rapidly-filtering paper; (3) use funnels, made at an
angle of exactly 60°, whose tube is not too wide, and is completely filled by
the liquid running through. A filter pump may also be employed with
the usual precautions. Wash till about lc.c. of the washings on addin
BaCly shows no opalescence even after a few minutes. The filtrate an
washings should not exceed 200¢.c., or else should be concentrated by
evaporation. Acidulate with pure HCI in very slight excess, heat to boiling,
remove the burner, and add a solution of BaCl, previonsly heated to boiling.
(A large excess of BaCl, must be decidedly avoided.) For O-5grm. pyrites,
20c.c. of a 10 per cent. solution of BaCl, is always more than sufficient.
This is roughly measured off in a test-tube provided with a mark, and
heated in the same tube., After precipitation the liquid is left to stand for
half an hour, when the precipitate should be completely settled. Decant
the clear portion as well as possible through a filter, pour 100c.c. boiling
water on the precipitate, and stir up. Wait two or three minutes, when
the liquid ought to have settled completely, and decant, again. Repeat
the treatment with boiling water, and the decantation three or four times,
till the liquid has lost its acid reaction. Wash the precipitate on to the
filter, dry, and ignite. It shounld be a perfectly white and loose powder.
One part of it is equal to 0118734 sulphur (factors on pp. 14, 15).

3. Copper (Process employed at the Duisburg Copper Eaxtraction Works).—
1grm. of pyrites, finely powdered and dried at 100° C., is treated with con-
centrated nitric acid, and then evaporated to dryness. Pour concentrated
sulphuric acid over the residue, and heat on a sand-bath till the free acid
is driven off. Let it cool down, boil up the mass with water, allow it to
cool, add quarter of the bulk of spirit of wine, let stand for 12 hours, and
filter. The residue on the filter is washed with a mixture of 1 part alcohol
and 2 parts water till no more copper can be found. The dilute filtrate is
saturated with H,S and allowed to stand for some hours. The precipitate
(containing the sulphides of copper, arsenic, antimony, and bismuth) is
washed with a solution of H,S containing a little sulphuric acid, dried,
mixed with the ashes of the filter and with pure sulphur (reerystallized
from CS,), ignited in a Rose’s crucible in a current of hydrogen or coal gas,
and weighe::f_ In this operation arsenie is completely volatilised ; antimony
and bismuth remain along with the copper, Spanish pyrites contains an
almost constant quantity of 0:05 per cent. Sb and Bi, of which 0-0005grm.,
together with the weight of the filter ashes, is deducted from the Cu,S (1
part Cu,0=0-79874 Cu).*

4. Zinc is sometimes estimated in pyrites, because the sulphur combined
with it is hardly recoverable for acid making. The following method
(Schaffner’s modified) is employed at the Vieille Montagne and the Rhenish

* The el=ctrolytical method has not been adopted at Duisburg, because copper precipi-
tated the first time is not pure, and two precipitations cause more trouble than the ahnve-
described method. But at the copper works the purity of the Cu,2 is checked by tha
electrolytical method. The Duisburg method, as given in text, is open to the objection of
being rather lengthy, and of deducting a econstant quantity of Sb and Bi, which cannot
be quite correct in all cases; but as it is accepted as binding upon buyers and sellers in
Germany, we have given it as it stands,
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Zineworks: 0-5grm. of the ore is dissolved as described on p. 94, All nitrie
acid is destroyed in the same way. Any metals precipitable by H,S from
an acid solution are removed by this reagent. The filtrate is freed from
H,S by boiling, and oxidized by a little aqua regia. The ferric oxide is
precipitated with 80c.c. of liquor ammonig (if Mn is present, the liquor is
allowed to stand for six hours, when the Mn will be precipitated as well),
filtered, dissolved on the filter (as it always contains zinc) in a little HCI,
without previous washing, precipitated once more with NHj, and filtered
again, Both filtrates are united, diluted to half a litre, and titrated in a
tall beaker by a solution of pure crystallized sodium sulphide, of which 1ec.c.
ought to be as nearly as possible=0-01 Zn. With more dilute liquors the
results are not so good. Add the liguid, constantly stirring, till a paper
soaked with a basic solution of ferric chloride, half dipping into the liquid,
is blackened. The paper is either attached to the side of the beaker or sus-
pended from platinum wire, The Na,S solution is standardized exactly in
the same way by weighing off pure zine, dissolving, and supersaturating
with NH,;. But exactly the same dilution and excess of ammonia must be
used as in the former operation, in order to employ the same excess of Na,S
for blackening the iron paper in both cases, and the degree of blackening
should also be the same. The solution of sodium sulphide should not be
more than a fortnight old.

Fia. 8.

5. Carbonic Acid (calcium carbonate, ete.) is sometimes estimated, because
the bases combined with it make a corresponding quantity of sulphur use-
less in the form of sulphates. As the quantity is always small, the CO, is
estimated gravimetrically by expelling it by strong acids and absorbing
it in soda lime in the apparatus, Fig. 6. The flask @, holding 200c.c.,
is closed with an indiarubber cork. Through this passes the swan-neck ®
tube b, reaching down to the bottom of @ and connected outside by means of
a pinch-cock joint, either with a small funnel or (at the end of the upemtimlz
with a U tube filled with soda lime. In a second perforation of the cork 13
fixed the delivery tube ¢, cut obliquely at the lower end, and enlarged above
the cork into a bulb. The latter is connected with a series of U tubes, which
are once for all put together and hung with wire loops from a carrying rod
fixed in a stand, so that the whole is ready for use at any time. The tube
No.1 (7in. long, gin. wide inside) contains only a little caleium chloride
(absolutely free from alkaline reaction) in its bend. No. 2 (same size) is
filled with calcium chloride. No. 8 (same size) with pumice, boiled with a
concentrated solution of copper sulphate, dried, and heated to the point



96

where all water is driven off for the absorption of H.S and HCL* The tubes
Nos. 4 to 7 are 4}in. long and 4in. wide. No. 4 contains calcium chloride ;
Nos. b and 6 about 20grms. granular soda lime, except the upper third of
the second limb, which is filled with granular ealeium chloride: No. 7, in
the first limb calcium chloride, and in the second soda lime, Nos. 1to 4
serve for removing from the gas its moisture and HCl; Nos. 5 and 6 for
absorbing the CO,, the CaCl, preventing any escape of moisture from the
soda lime. No. 7 is a guard-tube hgainst CO, and H,0 entering from with-
out. Only Nos.5and 6 are weighed (both together) before and after the
experiment. The contents of No. 1 must generally be renewed after each
experiment; those of No. b pretty frequently, according to the CO, present;
those of No. 6 ve?r rarely. The apparatus is tested in the usual way for its
gas-tightness, and serves for all estimations of CO, by weight. For making
a test, put the weighed substance into the flask a, along with 50c.c. of water;
gradually run in through b a sufficient quantity of dilute HCl or SO,H,
(compare footnote), take away the funnel, connect & with the soda-lime
guard-tube, and aspirate from the other end, at the |J tube No. 7, a steady
current of air, free from CO,, through e, whose contents are at the same
time heated, but not to the boiling point. The process of absorption can be
followed by the progressive rise of temperature in the soda-lime tube No. 5.
When this has become quite cold, the eurrent of air is passed through
another 20 minutes, after which the experiment is finished. The contents
of @ ought never to be heated strongly enough to make the calcium chloride
in No. 1 deliquesce. (This estimation requires a great deal of practice and
care to avoid errors. An easier, quicker, and more reliable method of
estimating CO, by the volume of the gas has been worked out by Lunge
and Marchlewski, Zeitsch. f. angew. Chem., April, 1891, p. 229),

D.—BURNT PYRITES (CINDERS).

1. Sulphur is estimated by John Watson’s methed (S.C.I., 1888, pp. 305, 730).
Place exactly 2 grams bicarbonate of soda of known alkalinity in a nickel
or platinum crucible; add 3:200 grams of the powdered sample of burnt
ore; mix intimately with a flattened glass rod; heat gently over a low
Bunsen flame for five or ten minutes ; stir up the mixture again; continue
the heating over a stronger flame for ten or fifteen minutes longer; wash
the contents of the crucible into a beaker; boil for ten minutes; filter and
wash the insoluble portion, till all alkaline reaction has ceased ; allow the
washings to cool ; add methyl-orange and titrate with normal hydrochloric
acid ; each c.c. of which saturates (-053 Na, CO;, and indicates 0:016 S.
If we call the number of c.c. of that acid, consumed by 2 grams of the
bicarbonate employed, @, and the number of c.c., consumed on retitrating
after the test, b, the number 2(a - b) expresses the percentage of sulphur in
the burnt ore.

2. Copper is estimated as on page 94, but the solution of the sample (1 grm.)
is made by means of hydrochloric acid, with a few drops of nitrie acii A
deduction of 007 per cent. for Bi and Sb is made from the percentage of Cu
found.

* If the carbonates can be decomposed by dilute enlphurie reid, and if at the same tima
no sensible quantity of H,8 can escape (e.q., in estimatic GD_,, in canstic soda), it is pre-
ferable to employ dilute sunlphuric acid for driving off the %{J, in the flask a, and to leave
out the tube No. 3, which omigssion will lessen the chance of error cansed by any trace of
waler lefu in the copper sulphate,
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E.—GASES.

1. Burner Gases.—S0, is estimated by Reich’s method (Lunge's Sulphuric
Acid and Alkali, vol. 1., p. 251; wvol. iii,, p. 852). The gas is aspirated
through a solution of iodine, contained in a wide-necked 200c.c. bottle, and
coloured blue by starch solution, till the colour has been just discharged.
This bottle is connected with a larger bottle, converted into an aspirator by
a tap near its bottom, or by a siphon fitted with a pinch-cock., Water is
run from this into a graduated 250c.c. jar. All this time the iodine bottle is
shaken up, and at the moment when the colour is discharged the tap of the
aspirator is closed, and the volume of water in the jar is read oft, It is equal
to that of the gas aspirated through when increased by that of the SO, ab-
sorbed, The absorbing bottle is charged with 10c.c. of a decinormal sol.-
tion of iodine (127 grms. iodine per litre, preparation and examination in
the Appendix), along with about 50c.c. of water, a little starch solution, and
a little sodium bicarbonate. The above quantity of iodine is=0032grm.
50,=11"14c.c. at 0° C. and a pressure of 760mm. The latter fizure, multi-
plied by 100 and divided by 11ec.c.+the volume of the water run out, yields
the percentage of S0, in the gas by volume,

This caleulation is saved Ly the following table, in which the lle.c. are
already taken into account.,

c.c. Water in the Per cent. 80, ¢.c. Water in the Per cent. 80,
Measuring Jar. by Volume. Measuring Jar. by Volume.
82 TTRETT 12.0 128 T e B'D
806 115 138 T
90 11:0 148 70
95 e wee 1{}'5‘ ].ﬁl} wae P 6'5
100 s Ik 10-0 175 60
106 95 192 Eom 55
113 90 212 50
120 R 85 — o5 —

In this no notice is taken of temperature and barometer. If these are to be
observed, the volume read off is reduced to 0° and 760mm. by the tables 20
and 21 or 21B, and then looked up in the above table.

Total Acids (SO;+50,) are estimated in exactly the same way, and caleu-
lated as SO,, by employing, in lieu of iodine and starch, a decinormal caus-
tic soda solution, coloured by phenolphthalein, and passing gas through it
with constant agitation, until the liquid is just decolorized. A very suit-
able form of a‘fparat.us is that in which the inlet gas-tube is closed at the
lower end, and is provided, below the level of the liquid, with many pinhole
openings, which break up the current of gas into as many fine streams,

2. Chamber Gases.—These are analysed like No. 3.

3. Chamber Exit Gases as Oxygen.—Before estimating this the acids are
removed from the gas by washing with a solution of potash or soda. Single
samples can be taken at odd times during the day, but it is recommended to
take an average sample for the whole day, by aspirating at least 10 or 20
litres of gas, and analysing a portion of this.” The estimation of oxygen is
best made by moist phosphorus in an Orsat apparatus (page 86) with two
absorbing tubes, one of wEich is filled with potash solution for removing the
acids, the other with small pieces of phosphorus. The manipulation is
exactly as in testing fire gases, but it should be observed that the tempera-
Lulxji zinust be at least 16° better 18° C., otherwise the tube must be warme-d
a little,

4. Sulphur and Nitrogen Acids.—The different acid compounds of sulphur

H
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are estimated together, as well as those of nitrogen, whatever degree of oxi-
dation they may possess. The following prescriptions agree in the main
with those published by the British Alkali Makers' Association in 1878, A
continuous test over 24 hours is taken of the gases escaping from the exit
pipes of the Gay-Lussac towers, aspirating at least one cubic foot per hour
by means of any aspirator acting at a constant rate and recording the
volume of gas=V by meansof ganging the aspirator or by a gas meter. The
volume V is reduced to (° C. :‘mg 760mn. pressure (=382° F, and 29-92 inches*)
by the tables 20 and 21 or 21s, and is now called V!, In order to allow
comparisons, the number of cubic feet of chamber space per pound of sulphur
burnt and passing into the chambers is recorded, excluding towers, but in-
cluding tunnels, the amount of sulphur being taken by the weekly average,
each firm to state the distance of the testing hole from the point at which
the gases leave the Gay-Lussac towers. The absorption apparatus consists
of four bottles or tubes, containing not less than 100c c. of absorbing liquid,
with a depth of at least 3in. in each bottle, the aperture of inlet tubes not
to exceed in. in diameter, and to be measured by a standard wire. The
first three bottles contain each 100c.c. of normal caustic soda solution (31
grms. per litre), the fourth 100c.c. distilled water. The caustic soda used
must be free from nitrogen acids. The gases are tested (1) for total acidity,
stated in grains of SO, per cubic foot of gas, elsewhere in grammes per eubic
metre. (2) Sulphur acids. (3) Nitrogen acids, both stated in grains of 8 and
N per cubic foot (or grammes per cubic metre). The analysis is carried out
as follows: The contents of the four bottles are united, taking care not to
unnecessarily augment the bulk of the liquids, and are divided into three
equal parts, one of which is reserved for accidents, etc. The first part is
titrated with normal sulphuric acid (49 grms. SO,H, per litre), to ascertain
total acidity. The number of cubic centimetres of acid necessary for neun-
. tralization is called z. The second part of the liquid is gradually poured

into a warm solution of potassium permanganate, strongly acidified with
pure sulphuric acid. A small excess of permanganate must be present, and
must be afterwards reduced by the addition of a few drops of sulphurous
acid solution, until only a faint red tint is visible. Now all Nitrogen acids
are present as HNO;, but no excess of 80,. The HNO; is estimated by its
action on F, SO,. 25c c. of a solution, containing per litre 100 grms. crystal-
lized ferrous sulphate and 100 grms. pure sulphuric acid (the same solution
which is used for estimating MnO,) are put into a flask, 20c.c. to 25c.c. pure
concentrated sulphurie aciﬁ is added, the mixture is allowed to cool, and
the other mixture, treated with permanganate, etc., is added, The flask is
closed by a cork with glass tubes. A current of CO, passes through and
issues beneath the surface of some water, to prevent entrance of air. First,
all the air is expelled in this way by means of an apparatus evolving CO,
with constant action ; then the solutions are introdueced, and the contents of
the flask are heated to boiling, till the dark colour produced by the for-
mation of NO has changed to a clear light yellow. This lasts a quarter of
an hour to one hour, according to the quantity of NO,H present and that of
the sulphuric acid added. The unoxidized ferrous sulphate is titrated by a
seminormal permanganate solution (yielding 0-004 grm. oxygen per cubic
centimetre—compare Appendix). The cubic centimetres used=y. Since
the titre of the iron solution changes pretty quickly, it should be tested

* The law prescribes the eubic feet to be measur=d at 60° F. and 30 inches, which neces-
mitates the use of nther tables or factors than those mentioned in the text, but the differ-
ence should be hardly perceptible, and certainly within the limits of experimental error,
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daily by taking out 25c.c. with the same pipette as serves for the above-

described operation, and ascertaining the amount of permanganate required

for oxidizing it=z c.c. The magnitudes sought are found by the following
equations :(—

1. Total Acidity in grammes per cubio 1. Total dcidity in pgrains per cubic
metre= foot =
0-120/100—z 1-8521 100 —2

80,= 2 80,— ‘
L \'E
2, Sulphur in grammes per cubie 2. Sulphur in grains per cubic
metre= foot=
_0008,600 —6x—z+ ) g 012846 (600 —6z—z+y)
8= 7, R T W 57 Vi
3. Nitrogen in grammes per cubie 3. Nilrogen in grains per cubic
metre = fout =
N=ﬂ-0{}7fz— ) _010803.z2—y)
L LA

The legal limit for total acidity is 4 grains of SO; per cubic foot.*

For the purposes of the Alkali Aect, it is sufficient, in lieu of the just-
described separate process, to estimate total acidity only by the test described
on p. 97, employing decinormal soda solution and phenolphthalein,

5. Nitric ngide (NO) can be present in the exit gases after passing through
the absorbing bottles. If it is to be estimated, an absorption tube (Fig,
7) T is interposed between the tubes of the last-described apparatus and the

Fia. 7.

aspirator. This tube contains 30c.c. of semi-normal permanganate and 1e.ec.
of sulphurie acid, specific gravity 1:25, The gas is passed through for 24 hours,
and the tube emptied and washed out. Now add 50c.c ferrous sulphate
solution, corresponding to 2z (fe:manga.na.te (compare last paragraph), and
retitrate the decolorized liquid with permanganate. The quantity of the

latter now used is called . The NO has consumed (80+4u—2z)c.c. perman-
ganate, which is equal—

In grammes of nitrogen per cubic In grains of nitrogen per cubio
metre of the volume V1, foot.
N=0007(80 4 u—2z) N = 01080330+ u—2z)

gy av:

* Alkali Act, 1881, Sec. 8.

+ This shape of bulb-tubes has been found to be far euperior to any other form of absorp-
tion-tubes wried. :
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1. SPECIFIC GRAVITY OF SULPHURIC ACID AT 60° F.
(Lunge & IsLen.)

= ta icht : , 1 Cubic Foot of Acid 60° F.
% 100 Pa;u u&:guwe E Kilo per litre weighs contains yields
H.80 1b. avd, lb. avd. 1b. avid.
& 80, H,S0, 1504 H,S0, Nu,S0,
40 22-30 27-32 0-328 7482 - 20-44 2062
41 22-82 27-95 0-837 7514 21-00 8343
42 28-33 2858 0-346 Tord5 21-57 81-25
43 23-84 29-21 0-8355 7576 22-14 32-08
41 24-36 29-84 0-364 76:07 22-71 82-90
45 24-88 80-48 0-373 76-58 2328 - 8373
46 2589 81-11 0-382 76-69 28-85 34:55
47 25-88 3170 0-391 7700 24-41 8537
48 26-35 82-28 0-400 7732 24-97 86:18
49 26-83 382:86 0-409 7763 2554 3701
50 2? 20 3343 0-418 7794 26-10 37-82
51 776 34-00 (426 7825 26-66 3563
52 EEE 22 34-57 0435 7856 27-23 38945
o3 2569 9514 0444 75887 2779 4027
- b4 29-15 3571 0-454 79-19 28:35 4108
55 20-62 3629 0-462 79-50 28-92 41-90
56 30-10 3687 0-472 79-81 29-48 42-72
57 3057 3745 0481 80-12 80-04 4353
58 31-04 3503 0-490 80-43 30-60 44-34
59 81-52 35861 0-500 80-74 3117 45°16
60 31-99 39:19 0-510 81-06 31-74 45-99
61 3246 39-77 0-519 81-37 32-32 46-83
62 32:04 40-85 0-529 81-68 32:89 4765
63 3841 40-93 0-538 81-99 8346 4548
64 3388 41-50 0-548 82-30 84-03 49-31
65 34-35 4208 0-557 82-62 34-60 50°13
66 34-80 42-66 0-567 82-93 3518 50-98
67 8527 45-20 0-577 83-24 8579 51-86
63 3571 4374 0-586 83-55 86-40 52:74
69 86-14 44-28 0-596 83-86 3701 5363
70 86:58 44-82 0-605 8417 8763 54-52
il 8702 45-35 (0-614 84-49 85324 5541
72 37-45 4588 0-624 84-80 3585 5629
73 37-89 46-41 0-633 85'11 39-46 57-18
74 38-32 46-94 0-643 8542 40-07 5803
75 8875 4747 (653 8573 40-68 5894
76 89-18 45-00 0-662 86-04 4129 59-83
[ 89-62 4553 0-672 86-36 41-91 60-72
78 40:05 4906 0-652 86-67 42-52 6161
79 40-48 449-59 0-692 86-98 4313 6250
80 40-91 5011 0702 8729 4574 6338
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1. SPECIFIC GRAVITY OF SULPHURIC ACID AT 60° F.—Conlinued.

= . , 1 Cubic Foot of Acid 80° F.
é o pa;tt}:;&w;: eight  Ikilo per litre weigha containg yields
= H.S0 1b. avd. 1h. avd. 1h. avd:
é“ 80, H,80, 1=V H,30, Na,80,
81 41-33 50-63 0711 87 G0 44-36 6427
82 41-76 51-15 1 | 752 44-97 6313
83 42:17 b1-66 0-730 88':.’3 45-58 66-02
54 42:57 52:15 0-740 89-54 46-18 G690
&5 42-96 5263 (-750 58-85 46-78 G778
86 43-36 53-11 0-759 8916 47-35 65365
87 4375 5369 0769 8947 47-99 6953
88 44-14 54-07 0779 5979 4859 T0-41
89 44-53 54-55 0789 90:10 4919 7128
90 44-92 5503 0798 90-41 4979 7215
91 4531 5550 0-808 90-72 50-39 7301
92 4569 5597 0-817 91:03 50-99 7388
93 46-07 5643 0-827 91:35 51-59 7476
94 46-45 56-90 0-837 9166 52:19 7562
05 46-83 o7-37 0846 91-97 52-79 76-49
96 4721 57-83 0-856 92:28 53-39 77-36
97 47-57 5828 0-866 92:59 54-00 7825
93 4795 b8-74 0-876 92:90 H54-60 7912
99 45-34 29-22 0-856 9322 5520 7993
100 45-738 29-70 0-896 93-53 55-84 8092
101 49-12 60-18 0-906 93-84 h6-47 81-52
102 4951 60-65 0916 94-15 57-10 82-74
103 49-89 61-12 0-926 94-46 8773 8365
104 o028 61-59 0-936 9477 H55-36 84-56
105 50-66 62:06 0946 9509 5900 8550
106 21-04 62-53 0957 95-40 5962 86-39
107 5143 63-00 0-967 0571 6026 8732
105 51'78 63-43 0977 96-02 G089 5523
109 H2r12 63:85 0-957 96-33 61-52 89-15
110 52-46 64-26 0996 96-65 62:15 9006
111 Dt 64-67 1:006 96-96 6278 9097
112 5312 6508 1-015 97-27 63-42 91-90
113 5346 6549 1:025 9758 64-05 92:51
114 53-80 65-90 1035 97-89 64-:68 93-72
115 54-13 66-30 1:044 98-20 65°31 94-64
116 54-46 66-71 1054 9852 6594 95-54
117 5480 6713 1:064 98-83 66-H8 96-48
118 5518 67-09 1:075 99-14 67-21 97-40
119 00'565 6505 1-085 99-45 6784 98-30
120 5593 6551 1:096 99-76 6847 99-22
121 56-30 6897 1-107 . 100-07 69-10 100:15
122 5668 69-43 1118 100-39 69-74 10105
123 8705 69-589 1:128 100-70 70-37 101-95
124 57-40 70-32 1-139 101-01 71-07 102-96
125 5775 T0-74 1-150 101-32 T197 104-00
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1. SPECIFIC GRAVITY OF SULPHURIC ACID AT 60° F.—Continued.

= 100 parts by weight : : 1 Cubic Foot of Acid 60° F.
% P l:on]:g.rﬁn . Kilo per litre weighs containg yields
H.80 1b. avd. b, avd. 1b, avd.
& 80, H,80, AL H,80, Na,80,
126 5809 71-16 1-160 101-64 72:46 105-00
127 5843 T1-57 1-170 101-95 7316 106-00
128 5877 71-99 1-181 . 102:26 73585 107-00
129 59:10 72-40 1-192 10257 7455 105:00
130 H9-45 72-87 1-202 102-88 16°25 109-05
131 5978 73-23 1-219 108-19 To94 11004

132 6011 7364 1-222 103-50 76:64 111-05
133 60-46 74-07 1-233 103-82 7733 112-05
154 60-82 74:51 1-244 104-13 7503 113:05
135 61-20 74-97 1:256 104-44 7873 114-10
1386 61-57 7542 1-267 104-75 7942 115:10
137 61-93 7586 1-278 105-07 80-12 116-10
138 62-29 76-30 1-289 105-38 80-81 117-10

139 62-64 76:73 1-301 10569 8151 118:10
140 6300 7017 1-312 106-00 §2-21 11915
141 63-35 7760 1-323 106-31 §2:90 120-15

142 63-70 7804 1-334 106-62 83-60 121-15
143 64-07 7548 1-346 106-94 84-29 122:15

144 64-43 7892 1-357 107-25 54-99 123-15
145 64-78 79-36 1-369 107-56 85-69 124-20
146 65-14 79-80 1-381 107-87 86-33 125-20

147 65560 80-24 1-392 108-18 8708 126-20
148 6586 80-68 1-404 105-49 8777 127-20
149 66-22 81-12 1-416 108-80 85-47 128-20
150 66-58 8156 1-427 109-12 89-17 12920
151 66-94 8200 1-439 109-43 5986 130-20
152 67-30 82-44 1-451 109-74 9056 131-20
153 6765 §2-88 1-463 110-05 91-25 132-25
154 6502 &53-32 1:475 110-36 91-95 183-25
155 65-49 8390 1-489 110-68 92-88 134-60
156 63-98 8450 1-504 110-99 93-81 135-90
157 6947 8510 1-519 111-30 94-74 137-30
158 69-96 8570 1-534 11161 9567 138-50
159 7045 86-30 1:549 111-92 96G-60 140-00
160 7094 86-90 1:564 112-23 97-52 141-30
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9. SPECIFIC GRAVITY OF HIGHLY CONCENTRATED

SULPHURIC ACID AT 60°F.

(Lusce & IsLEr.)

Specific Lol d Rl s b ey Kilo per litre

Twaddell. Gravity. 80, H,S0,. 30,
160 1-800 70:94 86-90 1-564
161 1-805 71-50 87-60 1-581
162 1-810 7208 8530 1:548
163 1-815 7269 89-05 1-621
164 1-820 7351 90-05 1-639
1-821 7363 90-20 1-643

e 1-822 7980 90-40 1-647
1-823 7896 90-60 1:651

e 1-824 7412 90-50 1-626
165 1-825 74:29 91-00 1-G61
. 1-5.6 74-49 91-25 1:G66

: 1-827 74-69 91-50 1-671
1-828 74-86 91-70 1-676

1-829 7503 91-90 1-6581
166 1-830 75:19 92-10 1-685
L 1-831 7585 92-30 1-690
1-832 7553 92:52 1-695

1-833 7572 92-75 1-700

1-834 7596 93-05 1-706
167 1-835 76-27 93-43 1-713
. 1-836 76-57 9380 1-722

. 1-837 76:90 94-20 1-730

. 1-833 7723 94-60 1-789
1-839 7765 95-00 1-748
168 1-840 78:04 9560 1:759
; 1-8405 7833 9595 1-765

i 1-5410 79-19 97-00 1-786
3 1-8415 7976 9770 1799

; 1-8410 80-16 98:20 1-808

. 1-8405 80-57 98:70 1-816

- 1-8400 80-98 99-20 1-525

L 1-8345 81-18 9945 1-830

5 1-8390 81-39 9970 1-834

- 1-8385 81-59 99-95 1-838
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3.—SPECIFIC GRAVITIES AND PERCENTAGE OF FUMING
(NORDHAUSEN) OIL OF VITRIOL AT DIFFERENT TEM-
PERATURES.

Density at
B0,
| l Per Cent,
15° 200 / x5 30" 35°C.

1:5417 1-8871 1-8323 1-8287 1-8240 667
1-8427 1-8378 1-5333 1-8205 1-5249 1749
1-8428 1-8558 1-8351 1-8402 1-58255 78:34
1:6487 1-8390 1-5346 1-8300 1-8257 7904
1-5427 1-8356 1-8351 1-8207 1-5250 7999
1-8420 1-8372 1-8326 1-8281 1-8234 80-46
1-8398 1-8550 1-8305 1-8263 1-5218 80-94
1-5446 1-5400 1-5353 1-5307 1-8262 81-37
1-8500 1-5466 1-8418 1-8371 1-5324 81-91
1-8571 1-8522 1-8476 1-8432 1-83585 8217
1-8697 1-8647 1-8595 1-8545 1-8498 8294
1-:5790 1-8742 1-8657 1-5610 1-5502 8325
1-8875 1-5823 1-8767 15713 1-8661 8384
1-8942 1-5588 1-8833 1-8775 1-8722 84-12
1-80990 1-8940 1-8590 1-5830 1-8772 &§4-33
1-0054 1-8984 1-8930 1-8574 1-8820 854-67
1-9072 1-9021 1-8950 1-8900 1:8845 84-52
1-9095 1-9042 1-5956 1-58932 1-58566 84-99
1-0121 1-9053 1-8993 1-5948 1-8852 o014
1-9250 1-9193 1-9135 1:9082 1:9023 8054
1-9290 1-0236 1-9183 1-9129 1-9073 85-68
1-9363 1-9310 1:9250 1-9187 1-9122 8589
1-9447 1-9392 1-9331 1-9279 1-9229 S6-51
1-9520 1-8465 1-9402 1-0338 1-0278 86-72
1-0584 1-9528 1-9466 1-9406 1-9340 8703
1-9632 1-9573 1-9518 1-0457 1-9398 8746
cryst. eryst. 1-9740 1-9666 1-9740 58:00

The above table is only intended for controlling the works, but not for
commercial purposes, because the specific gravity is anything but a certain
guide for the percentage of Nordhausen acid, and altogether fails as such
for the strengths just below the monohydrate. The table was not made for
chemically pure acids, but for commercial acid,
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4,—TABLE FOR REDUGING THE SPECIFIC GRAVITIES OF
SULPHURIC ACID OF VARIOUS STRENGTHS TO ANY
OTHER TEMPERATURE (DEGREES C.).

0" 5° 10° 15° 20° 25° a0° a35° 40° 45° B0°
1'857 | 1'852 | 1846 | 1'840 | 1'835 | 1'830 | 1'825 | 1'821 | 1'816 | 1'811 | 1'806
1847 | 1'841 | 1'836 | 1'830 | 1825 | 1-820 | 1'815 | 1'810 | 1:8056 | 1800 | 1-795
1'837 [ 1'831 | 1'825 | 1'820 | 1815 | 1-809 | 1'804 | 1'799 | 1°794 | 1'789 | 1'784
1827 | 1'821 | 1'815 | 1'810 | 1°805 | 1-799 | 1793 | 1788 | 1783 | 1778 | 1'778
1'817 | 1'811 | 1'805 | 1'800 | 1794 | 1.788 | 1'788 | 1'777 | 1'772 | 1766 | 1761
1807 | 1°801 | 1°796 | 1790 | 1784 | 1778 | 1773 | 1767 | 1'762 | 1'756 | 1°751
1797 | 1791 | 1786 | 1780 | 1'774 | 1'768 | 1'768 | 1'757 | 1'762 | 1-746 | 1'741

781 | 1776 | 1770 | 1765 | 1769 | 17564 | 1'748 | 1743 | 1'737 | 1'732

0| 1765 | 1760 o | 1749 | 1744 | 1738 | 1733 | 1°728 | 1723
760 | 17755 | 1750 786 | 1780 | 1725 | 1°720 | 1715
750 | 1745 | 1-740 & | 1730 | 1-726 | 1°721 | 1'716 | 1711 | 1-706
El-ﬂ 1-735 | 1-730 5| 1720 | 1716 | 1711 | 1°706 | 1701 | 1°696
{
7
7

e B |
= T
[ ) = |
.
£
(="
=T
o
=]

780 | 1725 | 1-720 1710 | 1706 | 1-701 | 1-696 | 1691 | 1'686
720 | 1715 | 1°710 1700 | 1696 | 1'6YL | 1686 | 1'6S1 | 1'676

1-705 | 1700 ‘686 | 1'681 | 1'676 | 1671 | 1-667
1690 1680 | 1676 | 1'671 | 1'666 | 1661 | 1-656
1685 | 1680 1670 | 1666 | 1'661 | 1'656 | 1651 | 1°646
: 1670 1660 | 1656 | 1651 | 1646 | 1'641 | 1637
‘670 | 1'665 | 1660 1°650 | 1'646 | 1'641 | 1636 | 1'632 | 1'628
1655 | 1650 1640 | 1°636 | 1632 | 1627 | 1622 | 1'618
1645 | 1'640 1631 | 1626 | 1622 | 1'617 | 1612 | 1608

1630 d : : 1602 | 1598
1620 1611 | 1°606 [ 1602 | 1-597 | 1592 | 1'588
1610 ‘592 | 1-587 | 1'582 | 1'578
1600 1577 | 1'572 | 1'568
1:590 1567 | 1'562 | 1'558
1580 ( 1'558 | 1'553 | 1-548
1570 | 1566 | 1561 | 1'536 1548 | 1'543 | 1'539
1560 | 1'556 | 1-552 | 1'547 : 1°534 | 1530
1550 | 1°546 42 | 1'538 1'530 | 1'525 | 1'521
1-540 | 1536 1°520 | 1'516 | 1512
1-550 | 1'526 1°510 | 1506 | 1'502
1'520 | 1516 1497 | 1492
514 | 1°510 | 1'506 1486 | 1-482
1512 | 1°508 | 1'504 | 1'500 | 1496 1485 | 1'484 | 1'480 | 1'476 | 1'472
1°498 | 1494 | 1-490 | 1'486 1474 | 1470 | 1'466 | 1462
1'488 | 1'484 | 1480 | 1476 1468 | 1465 | 1461 | 1'457 | 1453

" 1°470 | 1466 1458 | 1'455 | 1451 | 1447 | 1443
1468 | 1464 | 1:460 | 1456 148 | 1'445 | 1442 | 1°438 | 1'434
1458 | 1454 | 1450 | 1'446 1438 | 1'435 | 1°432 | 1429 | 1425
1-448 | 1'444 | 1°440 | 1436 1429 | 1'426 | 1423 | 1420 | 1416
1-438 | 1434 | 1-430 | 1-426 : 1416 | 1-413 | 1400 | 1'405
433 | 1-428 | 1424 | 1-420 | 1-416 1410 | 1406 | 1-402 | 1°398 | 1-394
1422 | 1-418 | 1414 | 1410 | 1406 1-399 | 1396 | 1392 | 1'388 | 1384
1412 | 1-408 | 1404 | 1-400 | 1396 1'386 | 1-382 | 1378 | 1374
1'402 | 1°398 | 1°394 | 1-390 | 1:386 1379 | 1372 | 1-372 | 1'368 | 1'364
1392 | 1'388 | 1384 | 1'330 | 1376 1'362 | 1362 | 1'359 | 1'355
1-382 | 1378 | 1874 | 1-370 | 1'366
1372 | 1368 | 1364 | 1360 | 1356
1362 | 1-358 | 1354 | 1-350 | 1-346
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4.—TABLE FOR REDUCING THE SPECIFIC GRAVITIES OF SUL-
PHURIC ACID OF VARIOUS STRENGTHS TO ANY OTHER
TEMPERATURE (DEGREES C.).—Continued.

B s

55° 60° 65° 70" 75° sg° | g5 000 | o5 | 100°
1-801 | 1796 | 1792 | 1787 | 1782 | 1778 | 1774 | 1770 |1766] 1762
17790 | 1787 | 1781 | 1776 | 1770 | 1766 | 1-762 | 17757 |1-752| 1748
1779 | 1774 | 1769 | 1764 | 1759 | 1754 | 1749 | 1-744 |1-739| 1734
1767 | 1762 | 1757 | 1752 | 1747 | 1741 | 1736 | 1-781 |1-726| 1-721L
1755 | 1750 | 1744 | 1739 | 1734 | 1729 | 1724 | 1719 |1-714]| 1-708
17746 | 1741 | 1'735 | 1'780 | 1-725 | 1720 | 1715 | 1710 |1-705| 1-700
1'?3!3 1751 1726 1721 1'716 1713 1-707 1702 l'ﬁﬂF 1692
1727 | 1722 | 1717 | 1712 | 1707 | 1502 | 1°697 | 1'693 |1'638| 1683
1718 | 17183 | 1708 | 1703 | 1698 | 1693 | 1°688 | 1684 |1679| 1674
1'710 | 1'705 | 1700 | 1't95 | 1699 | 1685 | 1681 | 1676 |1:671| 1667

1702 | 1697 | 1692 1688 | 1683 | 1678 | 1674 | 1669 [1664| 1660
1692 | 1657 1-G83 1678 | 1673 1668 | 1664 | 1659 | 1654 | 1650
1682 | 1677 1673 | 1668 | 1663 | 1:659 | 1654 | 1649 |[1644| 1640
1672 | 1667 1663 | 1658 | 1663 | 1649 | 1644 | 1639 | 1635 | 1630
1662 | 1667 | 1653 | 1648 | 1644 | 1639 | 1 : 1'625 | 1:620
1652 | 1647 | 1642 | 1638 | 1634 | 1630 | 1625 1620 | 1615 | 1610
1642 | 1637 | 1632 | 1628 1624 | 1620 | 1615 | 1611 |1°606| 1602
1633 | 1628 | 1623 1619 | 1615 | 1'611 1606 | 1-602 | 1597 | 1593
1623 | 1619 | 1614 | 1610 | 1'606 | 1602 | 1-597 | 1593 | 1'588| 1584
1614 | 1610 | 1'605 | 1-600 | 1596 | 1592 | 1588 | 1583 |1'5679| 1'57a
1604 | 1-600 1-595 | 1-591 1586 | 1'582 | 1578 | 1574 | 1570 | 1565
1594 | 1590 1'5685 | 1'581 1'6577 | 1678 | 1569 | 1665 |1-961 | 1556
1-584 | 1'580 1576 | 1672 | 1668 | 1664 | 1-560 1°55 1'552 | 1-547
1'574 | 157 1566 | 1562 | 1'568 | 1'5564 | 1'050 | 1546 | 1542 1 '53?
1'564 | 1560 | 15566 | 1552 1548 | 1544 | 1540 | 1536 | 1531 o327
1'554 1550 | 1545 | 1541 1537 | 1:533 1529 | 1625 |1'521 1 516

1'544 | 1589 | 1'6856 | 1581 | 1527 | 1523 | 1619 | 1'615 |1-510| 1606
1580 | 15631 | 1'526 1522 | 1618 | 1513 1-509 1505 | 1°501 | 1496
1'526 | 1522 | 1517 | 1513 | 1'509 | 16504 | 1500 | 1496 |1'492| 1487
1517 | 15613 1'509 | 1504 | 1'500 | 1495 | 1491 | 1457 T
1508 | 1'504 | 1600 | 1495 | 1'491 :
1 493 1494 | 1490 | 1 430 1 451

- Hl
H
5
w

1-486

1476

1-467

4"'6 1474 | 1470 | 1 466 1-463 1°457

1468 | 1464 1460 1455 1-451 1446

1458 | 1454 | 1450 | 1442 1-441 1-437
1"449 | 1-445 1°441 1436 | 1432 1'428 o

1-439 | 1-435 1-431 1427 1-423 1418 | 1414 | 1409 ]'41]:-

1430 | 1426 1-422 1-418 | 1413 1-409 %

1421 | 1417 1413 | 1409 1404 1-400

1391

1-350

1-370

1-360

1-350

1412 | 1407 | 1403 | 1399 | 1395
1-401 | 1-397 1393 | 1380 | 1385
1390 | 1886 | 1382 | 1378 | 1374
1380 | 1'376 | 1372 | 1368 | 1364
1370 | 1366 | 1362 | 1358 | 1354
1360 | 1356 | 1352 | 1348
1-351 | 1346 1342 | 1-338
1342 | 1-337 | 1'334 | 1-320
1332 | 1-327 | 1:323 | 1319

1-317 | 1'314 | 1310

-4 F

1-322
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4.—TABLE FOR REDUCING THE SPECIFIC GRAVITIES OF
SULPHURIC ACID OF VARIOUS STRENGTHS TO ANY OTHER
TEMPERATURE (DEGREES C.\.—Continued.

v | | I 15° 20° 25° 30° 8 | & 45° 50°

1°352 | 1348 | 1344 | 1-340 | 1'336 | 1-333 | 1-330 | 1-327 | 1-324 | 1-320 | 1'316
1341 | 1'357 | 1'333 | 1330 | 1-327 | 1324 | 1-321 | 1°318 | 1'314 | 1810 | 1306
1°330 | 1-326 | 1-323 | 1320 | 1-317 | 1-814 [ 1-311 | 1°308 | 1'304 | 1-301 | 1297
1°320 | 1316 | 1'313 | 1°310 | 1°307 | 1-304 | 1-301 | 1-298 | 1-294 | 1-291 | 1-287
1-310 | 1'306 | 1303 | 1-300 | 1°297 | 1294 | 1-291 | 1'233 | 1-284 | 1-251 | 1-2;7
1:300 | 1°206 | 1'293 | 1-290 | 1-237 | 1'284 | 1280 | 1277 | 1'274 | 1'270 | 1'267
1°290 | 1-286 | 1283 | 1°230 | 1°277 | 1274 | 1°270 | 1'267 | 1-264 | 1:260 | 1256
1:280 | 1-276 | 1'273 | 1270 | 1"267 | 1-264 | 1-260 | 1'257 | 1-254 | 1'250 | 1-246
1270 | 1266 | 1263 | 1°260 | 1'257 | 1'254 | 1°251 | 1248 | 1°245 | 1'241 | 1-237
1°260 | 1°256 | 1°253 | 1°250 | 1'247 | 1244 | 1-241 | 1-238 | 1-235 | 1231 | 1-227
1°250 | 1246 | 1°243 | 1°240 | 1°237 | 1'234 | 1-230 | 1-227 | 1224 | 1:220 | 1-217
1240 | 1°236 | 1°S33 | 1°280 | 1227 | 1-224 | 1-220 | 1217 l 1-214 | 1-210 | 1-207
1
1
1

230 | 1226 | 1'223 | 1-22v | 1217 | 1-214 | 1-210 | 1-207 | 1-204 | 1-200 | 1-197

220 1 1-216 | 1-213 | 1210 | 1206 | 1-204 | 1°200 | 1"197 | 1°194 | 1°190 | 1'187

210 | 1°206 | 1°208 | 1-200 | 1°196 | 1193 | 1°190 | 1"186 | 1'183 | 1'180 | 1'176
1-200 | 1'196 | 1'193 | 1190 | 1-186 | 1°183 | 1"180 | 1176 | 1°178 | 1'169 | 1'165
1'190 | 1°186 | 1'183 | 1'180 | 1'176 | 1173 | 1-170 | 1°166 | 1-163 | 1-159 | 1'155
1'1680 | 1"176 | 1°173 | 1150 | 1'166 | 1-163 | 1°160 | 1°156 | 1°153 | 1"149 | 1'146
1169 { 1166 | 1°168 | 1'160 | 1-157 | 1°153 | 1'150 | 1°147 | 1'144 | 1'141 | 1'138
1'159 | 1°156 | 1"153 | 1150 | 1'147 | 1-143 | 1140 | 1°137 | 1-134 | 1"181 | 1128
1149 | 1°146 | 1143 | 1"140 | 1-137 | 1-184 | 1-131 | 1128 | 1'125 | 1-122 | 1-119
1133 | 1'135 | 1"133 | 1-130 | 1-127 | 1°125 | 1°122 | 1119 | 1°116 | 1-113 | 1-110
11135 | 1125 | 1123 | 1°120 | 1°118 | 1-115 | 1-112 | 1-110 | 1°107 | 1°104 | 1-102
11118 | 1-115 | 1°113 | 1'110 | 1°108 | 1°105 | 1°102 | 1°100 | 1-097 | 1094 | 1-092
1'108 | 1°105 | 1°103 | 1"100 | 1°097 | 1094 | 1092 | 1090 | 1:087 | 1-084 | 1082
1098 | 1°095 | 1-093 | 1'090 | 1-087 | 1084 | 1082 | 1°080 | 1'077 | 1'074 | 1072
1088 | 1085 | 1083 | 1-080 | 1-077 | 1074 | 1072 | 1-070 | 1'067 | 1-064 | 1-062
1078 | 1075 | 1073 | 1070 | 1067 | 1064 | 1-062 | w060 | 1057 | 1-054 | 1-052
1:068 | 1065 | 1063 | 1'060 | 1057 | 1°054 | 1052 | 1°050 | 1°048 | 1044 | 1'042
1058 | 1055 | 1°053 | 1050 | 1047 | 1°044 | 1042 | 1040 | 1°038 | 1'034 | 1032
1°048 | 1-045 | 1043 | 1'040 | 1'037 | 1034 | 1-032 | 1°030 | 1-028 | 1-024 | 1022
1°038 | 1035 | 1-033 | 1-030 | 1-027 | 1024 | 1-022 | 1-020 | 1018 | 1°014 | 1°012
1°023 | 1025 | 1-023 | 1-020 | 1017 | 1014 | 1°012 | 1°010 | 1-008 | 1 004 | 1002
1018 | 1015 | 1013 | 1°010 | 1007 | 1004 | 1002 | 1 000 | 0-998 | 0°994 | 0°992

5.—FREEZING AND MELTING POINTS OF SULPHURIC ACID.*

Spec. Grav. at 15°, Freezing point. Melting point.
1'671 Liquid at-20° —-
1-691 Liquid at-20° —
1-712 Liguid at—20° —_
1727 -75° -7°5°

1732 -85 -85
1-749 02 +4'5
1767 +16 +6'5
1778 +85 +89
1-790 +4'5 +80
1-807 =90 -6
1-822 Liguid at-20° =

1-840 - Liguid at-20° —

* Lunge, Berichte d. deutsch. chem. Ges. 1851 8.
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4—TABLE FOR REDUCING THE SPECIFIC GRAVITIES OF
SULPHURIC ACID OF VARIOUS STRENGTHS TO ANY

OTHER TEMPERATURE (DEGREES C.).—Continued.

65° 607 65" 70* 75° 80° 85° 90" 05" | 100°
1-312 | 1-208 1:304 1:300 — —_ — — —_— —_
11302 | 1298 1-294 1-290 — — — —— — —_
1293 | 1-289 1284 | 1:250 -— — — — — —
1283 | 1279 1274 1-270 —_ — —_ - — —
1278 | 1:209 1265 1°260 — — — — — —_
1263 | 1-259 1255 1:250 — — -- — — —
1:252 1-248 1244 1240 — - — == —_ =
1:242 1-238 1234 1:250 e = — — - — )
1-233 | 1-224 1:224 1220 — — —_ — | = —
1-223 1214 1:214 1210 —_— - — _ — —
1-210 1-209 1204 1-200 —_— —_ — _— — —
1°204 | 1:200 1195 1190 — — - — - —
1-194 1-190 1'155 1:150 -— —_— . — — —
1183 | 1179 1175 1170 — —_ — — — —_
1'172 | 1168 1-164 | 1-160 — - -— — s —
1-162 1°1538 1154 1150 —_ _— —_ — — —
1°152 | 1'148 1:144 1-140 — — -— - .- —
1°143 | 1°139 1-135 1'181 — — — — — —
11133 | 1131 1127 1-123 — —_ -— —_ —_ =
1'125 1:122 1118 1'114 — == _— e —_
1'116 | 1'113 1109 1106 — — — e el ot
1°107 | 1-104 1-100 1097 - - — — — - —
1099 1°096 1:092 10585 — — —_ - — _—
1089 1086 1052 1078 — - — - —_ -
1°07 1075 1072 1068 — — — - — —
1069 | 1065 1062 1058 — - — — —- —
1059 | 1055 1:052 1048 — —_ _— - — -
1049 | 1045 1:042 1038 — — — —_ — —
1036 | 1-035 1032 1028 —_ — - - — —
1039 | 1025 1-022 1018 — _— — — —— —
1019 | 0-015 1018 1 003 — —_ — — — —
1-002 | 1-005 1002 0-993 — — —_ —_ == —
0999 | 1993 0992 0958 — —_ — — — —
0989 | 0985 0932 0978 — — -- — —_ —_
6.—BOILING POINTS OF SULPHURIC ACID.
(Lunge, Ber. d. d. chem. Ges. 11, 870.)
Proe. Spee, Boil. Proc. Spec. Boil. Proe. Spec. Boil.
50,H, Gr. Point. 8O, H, Gr. Point. 850,H, Gr. Point
A 1031 | 101° 56 1459 | 133 || &2 1758 | 2185°
10 1069 102 G0 1:503 1415 54 1773 a7 5
15 1107 10835 625 15430 147 56 1791 238'5
20 1147 105 G5 1'557 1535 85 1-807 251'5
25 1-184 1065 675 1585 161 a0 1'818 | 262'5
b 1224 108 70 1615 170 01 1-524 268
35 1265 100 72 1639 174'H 93 1830 | 2745
41 1-307 114 74 1-661 1505 o3 1'834 251"
435 1-352 1185 76 1'658 189 94 1837 28?'5
a0 1°399 124 78 1710 199 95 1840 | 295
a3 1425 1285 S0 1733 207

Monohydrate (100}) boils at 338° (Marignac).
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7.—PERCENTAGE OF SO; IN NORDHAUSEN OIL OF VITRIOL.

Found by | Contains per Found by | Contains per Found by | Contains per
Titrating cent. Titrating Titrating cent.
80, 80, H,| BO, 80, 80,H,| B8O, 80, 80,H,| 80,
81-6326 | 100 0 87-877b 66 34 939387 83 | 67
81-8163 99 1 850612 65 39 94-1224 82 63
820000 | 98 | 2 || 88248 | 64 | 86 || 943061 | 81 | 69
82:1836 97 3 884285 63 a7 94-4897 30 70
82-3674 96 4 88:6122 62 35 946734 29 71
§2:5510 95 5 857959 61 39 94-5571 28 72
827346 94 6 839795 G0 4() 950408 27 73
§2-9183 93 7 89-1632 59 41 952244 26 74
83-1020 92 8 89-346G9 58 42 954081 25 —
83-2857 91 9 89-5306 a7 43 95-5918 24 —
834693 | 90 | 10 | so7142 | B6 | a4 || 95775 | 28 | —
83-6530 89 11 89-8979 5] 45 95-9591 22 -
83-8367 85 12 90-0816 Hd 46 96-1428 21 -
54-0204 87 13 90-2653 53 47 96-3265 20 —
84-2040 86 14 90-4489 52 48 96-5102 19 —
84-3877 85 15 906326 H1 49 96-6958 18 —
84-5714 84 16 90-8163 50 o0 96-8775H 17 —_
84-7551 83 17 91-0000 49 51 97-0612 16 | —
84-9387 82 18 91-1836 48 52 972448 15 —
851224 51 19 91-3673 47 o3 97-4285 14 —
853061 80 20 91-5510 46 54 076122 13 —
854897 79 21 91-7346 45 55 97-7959 12 —_
856754 78 22 91-9183 44 56 97-9796 11 —
858571 (i 23 92-1020 43 57 98-1632 10 —
860408 76 24 92-2857 42 58 95:3469 9 —
862244 75 25 92-4093 41 o9 98-5306 8 | —
86-4081 74 26 92-6580 40 60 98:7142 7 —
86-5918 73 27 92-8367 89 61 98-8079 6 —
86-7755 72 28 93-0204 38 62 99-0816 5 | —
86-9591 71 29 95-2040 a7 63 99-2653 4 —
87-1428 70 30 93-3877 36 64 99-4489 8 | —
875265 69 31 93-5714 ) 65 99-6326 2 —
87-5102 68 32 937551 3 66 99-8163 1 —
87-6938 67 Sa ‘
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7a—THE QUANTITATIVE ESTIMATION OF FREE SULPHURIC
ACID

is made by titrating a measured volume by standard soda solution. The
results are always expressed in per cent. of monohydrated sulphuric acid
(hydrogen sulphate, H,SO,) by weight. The specific gravity of the acid is
taken with a hydrometer. This is called . Take 10c.c. of the acid with an
accurate pipette, dilute to 100c.c., and take again 10c.c. of this for titration.
For very accurate results it is preferable to weigh the quantity of acid to be
tested in a glass-cock tube, fig. 8 (comp. infra, No. 9), and employ the whole
quantity weighed for titration, If the number of eubie centimetres of normal
soda solution (=0-031gr. Na,O per cubic centimetre consumed ) is called y,
the percentage of the acid is

4Oy

S

The normal soda solution is standardized with normal hydrochloric acid
(0-0365gr. of HCI per cubic centimetre), and the latter with pure sodium
carbonate, which thus forms the foundation of alkalimetry and acidimetry,
(Compare the Appendix.) If the sulphuric acid to be tested contains an
appreciable quantity of nitrous acid, methyl-orange cannot be employed as
indicator, unless the nitrous acid is previously oxidized by potassium per-
manganate,

8 —EXAMINATION OF SULPHURIC ACID FOR OTHER
SUBSTANCES.

(@) Nitrous Acid is titrated with semi-normal permanganate. (Prepara-
tion in the Appendix.) This can be done without loss of NO when manipu-
lating, as follows (Lunge, Berliner Berichtex. 1075): Put the nitrous vitriol
into a burette fitted with a glass tap, and run it slowly into a measured
quantity of permanganate, diluted with5 times its volume of tepid water
(80°C. to 40° C.), and constantly agitate, till the colour just vanishes., Each
cubic centimetre of the permanganate indicates 0-0095zrm. N,O,, hence
more or less of it is employed, according to whether an acid containing more
or less N0, is titrated. For chamber acid employ at most 5e.c.; for good
Gay-Lussac acid up to 50c.c. of permanganate. If the quantity of perman-
ganate is called x,and that of the vitriol consumed for decolorizing it y, the
quantity of NyO; present in grammes per litre of acid is

95
)
_ 1676z
Calculated as NO,H= 5
i N amﬂﬂzﬂl-ﬂﬁr

The following table saves the calculation for all cases in which z=50. The
column y gives the number of cubic centimetres of nitrous vitriol used, a
the percentage in grammes per litre, and b the percentage by weight for acid
of 140° Tw. (For other strengths the percentage by weight is calculated by
dividing the figures of column a by 10 x specific gravity.)
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TALLE FOR ESTIMATING NITROUS VITRIOL.

Employ 50c.c. of semi-normal permanganate. The results are expressed
as NOz;H and NOyNa, The column y refers to acid of 140° T'w. as unit :—

g NO,H Mo ¢ (B NO.H NO,Na
T8 ; 3 | 2§ : -
3: 5:
E b a T a b a b
E. per Per . per Par || E. per Fer . pEr Ter
cHz. Litre cent, Litre. | cent. || n.l:':. Litre. | cent, itre. ceut.
10 788 462 | 1062 622 36 219 198 205 178
11 716 420 955 565 a7 21-3 1-25 237 1-G3
12 6057 355 8585 518 38 20-7 1-21 280 1-64
18 G0-6 3:55 sS1-7 478 | 89 20-2 1-18 273 1-G0
14 56-2 3-28 790 4-44 || 40 19-7 1:1H 26-6 1-56
15 52:H 307 70-8 4-14 41 192 1-12 959 1-52
16 49-3 2-89 664 391 42 188 1-10 2953 1-48
17 46-3 271 625 365 43 153 107 24-7 1-45
18 48-7 2:56 59-0 345 || 44 17-9 1-:05 249 1-42
19 41-5 2-43 559 327 || 45 175 1-02 236 1-38
20 39-8 2:30 531 311 || 46 17-1 1-00 28-1 1-35
21 | 875 | 219 | 506 | 296 | 47 | 168 | 098 | 226 | 1-32
22 857 2-:09 453 282 ] 48 16-4 0-96 AL 1-30
28 342 2:00 46-3 271 || 49 16-1 0-94 21-7 1-27
24 32-8 192 44-4 260 | BO 158 0925 | 21-3 1-25
25 | 815 | 184 | 425 | 249 1 55 | 1444 | 0835 | 198 | 1-18
26 303 177 408 239 1 60 18-1 0765 | 177 1-04
27 29-1 171 894 280 || 6D 12-1 0705 | 164 0-96
28 2581 1-64 350 222 || 70 11-2 0655 | 152 0-89
20 | 271 | 158 | 367 | 215 || 75 | 106 | 0615 | 1415| 0827
30 263 164 855 2:08 80 985| 0575 | 138 0-778
81 255 149 34-3 201 85 92 (=588 | 125 0-730
32 246 1-44 333 1-95 90 87 0510 | 11-8 0692
33 239 1-40 323 1-89 95 &3 0485 | 11-2 0-G55
34 23-2 1-36 81-3 1-84 | 100 79 0462 | 106 0-G20
35 22:5 1-32 304 178 I

N.B.—The figures in column & also indicate 0-011b. avoirdupois per gallon, or nearly
ounces per cubic foot,

(b) Tolal Nitrogen Acids.—Theseare contained in sulphuric acid as N, 0,
or more properly as nitroso-sulphuric acid, SO,(OH)(ONO), and NO,H. NO
can be present only in minute quantity, and not at all when NOH is
present. N,O, is decomposed by sulphurie acid into nitrosulphuric and
nitrie acid. The estimation made aceording to a only indicates NoO;. The
total of the nitrogen acids is converted into NO by shaking up the nitrous
vitriol with mercury ;. the guantity of NO formed is estimabeg by volume
(Crum’s reaction). This is done by Lunge’s nitrometer (compare Lunge's
“Sulphuric Acid and Alkali,” 2nd ed. i, 181). Fill the graduated limb a
with mercury by raising the level tube b; put the three-way cock in the
position of communicating with none of the openings; run the nitrous acid



112

into the top cups of & from a 1le.c. pipatte graduated in ;i,c.c., employing
only O-5e.c. of very strong, but up to be.c. of very weak nitrous vitriol ; lower
the level tube, open the cock carefully so that the vitriol runs down without
any air entering; pour 2 or 8e.c. of pure strong sulphuric acid, entirely free
from nitrogen compounds, into the cup ; let this acid enter the nitrometer,
and repeat the washing of the cup with 1 or 2c.c. of pure acid. Start the
evolution of gas by taking the tubz @ out of the clamp, inclining it several
times almost to the horizontal line, and suddenly righting it again, so that
mercury and acid are well mixed; shake one or two minutes till no more
gas is evolved. Place the tubes so that the mercury in b is as much higher
than that in @ asis required for balancing the acid ina; this will take Imm.
of Hg for Gimm. of acid. An exact test can only be produced when the gas
has taken the temperature of the room and all froth has subsided. Read
off the volume of the gas, also a thermometer hung up close by, and a
barometer. In order to check the levelling, open the cock, when the level
of @ should not change. If it rises, too much pressure has been given, and
the reading must be increased a little, say O-lc.e. If it sinks, the opposite
must take place, i.e., always in the opposite sense to the change of level.
Another plan is, putting a little acid into the cup before opening the cock.
This would be sucked in if the pressure were too low, or raised if too high.
With adroit manipulation the experiment can then soon be corrected,
After finishing it, lower the graduated tube @, lest on opening the tap any
air should enter; open the tap, raise the tube b, force thus the gas and all
acid into the cup, and put the tap so that the acid flows through its key
into a vessel held below ; the last of it is drawn out by blotting paper.
The nitrometer is then ready for the nextexperiment. A test must always
be made to see whether the glass tap is gas-tight. It will hardly remain so
without greasing it occasionally with vaseline ; but this ought to be done very
slightly, so as to avoid any grease getting into the bore; for if the grease comes
in contact with acid, troublesome froth is formed. This process is interfered
with by the presence of sulphurous acid, the best test for which is the smell.
To remove it, the acid is stirred up with a very slight quantity of powdered
potassium permanganate. Any great excess of this makes the process ver
troublesome and inaccurate. The volume of NO read off is reduced to 0° C.
and 760mm. (32° F. and 29-92in.) by means of the tables, pages 20 and 21 or
21p and calculated for the nitrogen compounds present by the following
table, in which column @ means milligrammes, b per cent. by weight when
employing le.c. acid of 140° Tw,

<ol NO “ N.O, NO,H “ NaNO,
[ | I

= @ b | @ b | i b a b a b

I | :
1 | 0627 | 0:0366 | 1-343 [ 0:0785 || 17701 | 0:0995 || 2820 | 0-1648 || 3805 | 0:2225
2 | 1:254 (00732 | 2:656 [ 01570 | 3:402 01990 | 5G40 | 03296 | 7610 | 04150
8 | 1'881 | 01098 | 4029 [ 02355 || 5103 | 0:2985 || 8460 | 0-4944 || 11415 | 06675
4 | 2508 | 01464 | 5372 [ 03140 | 6804 | 0:3980 || 11:280 | 0:6592 || 15:220 | 08900
5 | 8135 | 01880 | 6715 | 03925 | 8506 | 0:4975 || 14100 | 0:8240 || 19025 | 1-1125
6 | 3762 | 02196 | 8058 | 04710 |[ 10-206 [ 05970 || 16-920 | 0-9888 | 22-830 | 1-3350
7 || 4389 | 02562 | 9-401 | 0°5195 || 11907 | 06965 || 19740 | 11536 | 26635 | 15575
8 (5016102938 | 10-744 | 0-6280 | 13:603 | 0-7960 || 22560 | 1'3184 | 80440 | 1-7500
9 /5643 | 03294 | 12067 | 0'7065 | 15300 | 0°805 | 25850 | 14852 | 34245 | 20025
| |
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The reduction to 0° and 760 mm, can be effected without thermometer and
barometer, and without the use of any tables, by means of Lunge's Gas-
volumeter, Fig. 8, It consists of the gas-measuring tube, A, the reduction-

.3“"N'"'-"C'ﬁk\\.\\\‘\\‘u\\\\‘ﬁ\.\\\‘h\\ﬁ

tube, B, and the level-tube, C, all connected by very thick elastic tubing,
with the three-way tube,@. B and C are held in two arms of the same
clamp, so as to be each individually movable in its own arm, or both
together by means of the common clamp. Tube B is graduated from 100 to
180 c.c.,, and contains a volume of air equal to that which 100 c.c. of dry air
occupy at 0° and 760 mm. This is obtained by taking, once for all, a reading
of the thermometer and the barometer, caleculating what would be the volume
of 100 c.c. of dry air of 0° and 760 mm. under the atmospheric conditions
just observed, pouring mercury into C, till it stands in tube B at the
volume just ca.lcula.teg (after introducing one or two drops of strong sul-
phuric acid into tube B), and sealing the capillary end b, taking care lest
the air in B should get heated and expand during this operation. A fter
thus enclosing the before-mentioned exact volume of air in tube B, the
instrument is ready for use for an indefinite time. Tube A might be an
ordinary nitrometer with three-way tap and funnels ; it is, however, best
employed merely as a gas-measuring tube, whilst a special reaction vessel,
D, with its own level tube, E, serves for treating the nitrous vitriol (or
I
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nitrate of soda, etc., as the case may be). D is a vessel, holding about
150 c.c., provided with the three-way tap, funnel, and outlet-tube of the old
Lunge’s nitrometer. By raising E, the vessel D is completely filled with
mercury, till this begins to run out at ¢. The tap f is shut, the end of ¢ is
closed by a glass or indiarubber cap, funnel d is charged with nitrous
vitriol ; this is sucked into D, and the decomposition is brought about in
the usual manner by shaking the vitriol with the mercury, to evelve all
the nitrogen acids in the shape of NO. Now the tubes D and A are
brought opposite to each other (A having been previously filled, by raising
C, with mercury till it flows out at €); ¢ and e are joined by a short bit of
indiarubber tubing, till they touch, so that no air remains in the space
between ; C is lowered ; E is raised, and by cautiously opening tap f, the NO
contained in D is transferred into A, As soon asall the gasis within A,
and the acid following it has filled the narrow tube e, tap g is shut. Now
tube C is raised till the mercury in B has risen to the mark 100, and B and
C are simultaneously moved up or down, as the case may require it, till the
mercurial levels in A and B coincide, that in B being still at 100 e.c.
Since the air in B is now compressed to the point which it would occupy in
the dry state at 0° and 760 mm., and the gas in A is placed under exactly
the same pressure (the temperature of these two parallel tubes being pre-
sumably alike), the reading in A shows the NO at onece reduced to the
same econditions of 0° and 760 mm.

Qualitative Test for Traces of Nitrogen Acid.—This is best done by means
of diphenylamine. Dissolve a few grammes of diphenylamine in 100 parts
of pure sulphuric acid. This should be completely free from N compounds,
and can be obtained, if not at hand, by boiling with a trace of ammonium
sulphate. Dilute the acid with y;th volume of water before dissolving the
diphenylamine. Pour abont 2 c.c. of the vitriol to be tested into a test tube,
and run about 1c.c. of the diphenylamine solution upon it, so that the
layers mix only gradually., In the case of dilute acids, or other lighter
liquids, proceed in the opposite manner. The slightest traces of nitrogen
acids are proved by the appearance of a brilliant blue colour in the area of
contact of bot.: liguids.

This test, however, fails in the presence of selenium (which can be recog-
niscd by adding to the acid a strong solution of ferrous sulphate, when a
brownish-red precipitate will make its appearance, which cannot be con-
founded with the colour produced by NO). In this case the nitrogen acids
must be sou&ht for by adding a solution of brucine sulphate, which in their
presence produces a red colour,

(¢) Lxamination for Lead.—Dilute the acid, if concentrated, with the
same volume of water and twice its volume of aleohol. Allow the mixture
to stand for some time, filter any precipitate of PbSO,, wash it with dilute
alcohol, and dry and ignite in a porcelain crucible, burning the filter
separately. lgr. PbS0O,=068317gr. %b.

(d) Exemination for Irom—DBoil the acid, if free from nitrogen, with a
drop of nitric acid to peroxidize the iron. Dilute a little, allow to cool,
and add solution of potassium sulphocyanide. A red colour proves the
presence of iron. If there is not too little of it, it can be quantitatively
estimated in another sample by heating with pure zine (free from iron),
pouring off the zine, washing the latter, allowing to cool, and titrating with
permanganate, This is best employed as &;th normal, indicating 0-0028 gr.
Fe per cubic centimetre. Not less than 50c.c. of acid should be taken for
this test, as the acid generally contains very little iron.
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9—ANALYSIS OF FUMING SULPHURIC ACID
(NORDHAUSEN ACID, ANHYDRIDE).

This is either weighed in glass bulbs or in a glass-tap tube, The former
are very thin bulbs of about 2 em. diameter, end ing each wayin a capillary
tube. Melt the acid, if solid, till it is just completely homogeneous, and suck
3 grms. to 5 grms. of it into the bulb, which ought to be half filled with it.
The sucking is best done by means of a bottle closed with an indiarubber
cork, through which passes a tightly-fitting glass tap, connected at its free
end with an elastic tube. Suction is applied to the latter, the tap is closed,
the elastic tube is drawn over one of the capillary ends of the weighing
bulb, and by opening the tap a sufficient quantity of acid is admitted
into the bulb. The tube is cleaned, and one of the capillary ends is sealed
at the lamp. The other end can be left open without fear of any loss of SO,
or attraction of moisture during weighing. The weighing is best done on &
small platinum crucible with two nicks, on which the ends of the bulb can
rest. If the latter should be accidentally broken, the acid runs into the
crucible, not on the balance., Put the bulb, after weighing, open end down-
wards into a small Erlenmeyer flask, into the neck of which it ought to fit
exactly (Fig. 9), and which contains so much water that the capillary tube

Fia. 9.

dips pretty far into it, to prevent any loss of SO, on mixing the acid with
water. Break off the other point, allow the acid to run out, squirt a few
drops of water into the upper capillary, and ultimately rinse the whole
bulb tube by repeated aspiration of water, Dilute the liquid to 500 c.c. and
take 50 c.c. for each test. This is done with 1 normal soda solution (le.e.=
0008 grm. 80,), and litmus or methyl-orange as indieator. The acidity
found is diminished by that proceeding from S0,, and'found by titrating
another sample with jodine. More convenient than the bulb tubs is Lunge
& Rey’s glass-tap pipette, Fig. 10. Shut the lower tap e, open the upper tap
a, apply suction (with the mouth) at d, and shut & whilst sucking. Im-
merse the point e in the acid to be tested, and open c¢; the partial vacuum
in bulb b suffices for drawing up enough acid, which must not be allowed
to reach the tap c. Shut e, clean the point e, put the pipette in the outer
glass f, and weigh, Take the pipette out of Jy place it point downwards in
water, or, in the case of the strongest Nordhausen acids, in a layer of CTys-
tallized, coarsely powdered sodium sulphate, and slowly run out the con-
tents. Then squirt some water from above into b, allow to stand for a
moment, and rinse thoroughly with water. If only 05 grm. to 1grm. of
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acid has been weighed off, titrate directly, This process is more accurate
than diluting and titrating only part of the liquid, but this cannot be

i/
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Fia, 10

avoided when a larger quantity of acid has been weighed. Anhydride,
ete., once melted for the purposs of filling the tube remains liquid long
enough to complete the weighing and running out without requiring to
be heated again. Solid anhydride is best dissolved in monohydrated acid
on taking out the samples as will be described in the Appendix,

3.—SALTCAKE AND HYDROCHLORIC ACID.
A.—SALT (COMMON SALT, ROCK-SALT).

1. Moisture.—Ignite 5grms. of salt in a covered platinum ecrucible (to
prevent projections); heat first quite gradually, then for some minutes up to
a low red heat.

2. Insoluble.—Dissolve 5 grms., filter the insoluble matter, wash, dry, and
iznite the same.

3. Chlorine.—Weigh off 585 grms.of the moist salt, dissolve it, and
dilute up to 500 c.c.; take out 25c.c. by means of a pipette; add so much
of a solution of neutral potassium chromate that the liquid is distinctl
vellow, and titrate with decinormal silver solution (refer to Appendix). Ad
the silver solution from a 50 c.c. burette, till the precipitate, even after
¢ eitation, shows a distinet but faint pink colour. 02 c.c. is deducted from
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the number of cubic centimetres of silver solution employed, as being
required for producing the colour. The remainder, multiplied by 2,
indicates the percentage of NaCl in the salt.

4, Lime.—Dissolve b grms, of the salt in water, in case of need with the
aid of a little HCl, When analyzing impure rock-salt the treatment with
dilute HCl must be continued for some time, in order to dissolve all CaSO,.
It is also necessary to filter off any clay, etc,, but non-argillaceous salt
ought to be dissolved completely, excepting any grains of sand and the like.
In the clear solution precipitate the lime with ammonia and ammonium
oxalate, allow to stand for 12 hours, filter the precipitate through densa
filter paper in a well-shaped funnel (compare p. 94), wash, dry, and ignite it
in a platinum crucible till it is completely converted into CaO. This s done
by first gently heating till the calecium oxalate is decomposed, and then
igniting at nearly a white heat for 20 minutes, either over a gas blow-pipe
or, more conveniently, in a Hempels gas-stove or over a Muencke patent
burner.* 1 part CaO is equal to 24286 CaS0,, and is calculated as such.

B.—SALTCAKE.

(N.B.—Nos. 1 and 2 are sufficient for daily examinations of the produce of
works, the others are employed for saltcake bought and sold.)

1. Free Acid.—Dissolve 20 grms. saltcake, dilute to 250 c.c., take out 50 c.c.
with a pipette, add litmus or methyl-orange, and titrate with standard soda
up to the point of neutralization. Each cubie centimetre of the standard
alkali is equal to 1 per cent. SO; The total acidity is ealculated as SO,,
including HCIl, NaHSO,, and, in the case of litmus, the salts of iron and
alumina which have an acid reaction to litmus, If the latter are present
in appreciable quantities, and if it is desirable to exclude them from the
result, employ methyl-orange as indicator, or else add the standard alkali
without any indicator, till the first flakes of a permanent precipitate appear,
which occurs when the free acid and that of the bisulphate is just saturated.

2. Sodium Chloride—Take another 50 c.c. of the solution made for the
test No. 1, add the same quantity of standard alkali as used for this test,
so that the acid is exactly neutralized, then a little neutral potassium
chromate, and titrate with decinormal silver solution, as in A, 3. Each cubic
centimetre of silver solution (after deducting 0-2 from the whole) is equal to
0-146 per cent. NaCl. Or else employ a solution containing 2:906 grms.
AgNO; per litre and indicating (r001 grm. NaCl per cubic centimetre.
This would in the present case indicate 0:025 per cent. NaCl per cubic
centimetre,

8. Iron.—Dissolve 10 grms. of sulphate in water, reduce the iron salts to
protoxide by a little sulphuric acid, and zine, and titrate with potassium
permanganate. (Details page 114.)

4. Residue, insoluble in water, is estimated as usual if present.

5. Lime.—Dissolve 10 grms. in water if necessary with a little HCI, ; add
NH,C]l and NHj, precipitate with ammonium oxalate. Ignite, and weigh
as Ca0. (Compare A, 4.) If any appreciable quantity of Fe,0; has been
found, this must be deducted.

6. Magnesia is precipitated in the filtrate from No. 5 by ammonium

hosphate ; allow to stand for 24 hours; filter, wash with dilute ammonia,
ry, ignite and weigh the magnesium pyrophosphate of which 1 part=
0-3G036 MgO.

* To be obtained from Dr. Muencke, Luisenstrasse 568, Berlin, or from the English dealers
in ehemical apparatus.
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7. Alumina.—The solution of the saltcake is precipitated with ammonia
(free from CO,). The precipitate is ignited and weighed. Deducting the
weight of Fe,04 found in No. 3, the remainder=A1,0,.

8. Sodium Sulphate (direct estimation).—Dissolve 1 grm, of the saltcake;
precipitate any lime along with ferric oxide, etc., as in No. 5; filter;
E‘L"E,(}J rate the filtrate to dryness after adding a few drops of pure sulphurie
acid ; ignite ; repeat thisafteradding a small piece of ammonium carbonate,
and weigh. Deduet from this weight (1) the NaCl found in test No. 2,
caleulated for Na,80, (1:0000NaCl=1-2136Na,S0,, or each cubic eentimetre
of decinormal silver solution employed in test No.2=000177 grm. Na,S0,);
(2) the MgO found in test No. 6, caleulated as MgSO, (1:000 MgO=
3-000MgS0,) The remainder is equal to the sodium sulphate actually
present in 1 grm. salteake.

C.—CHIMNEY-TESTING.

Act of Parliament.—By the Alkali Works Regulation Aect of 1881 it is enac-
ted that “ Every alkali work shall be carried on in such a manner as tosecure
the condensation to the satisfaction of the chief inspector, derived from his
own examination or from that of some other inspector. (@) Of the muriatic
acid gas evolved in such works to the extent of 95 per centum, and to such
an extent that in each cubic foot of air, smoke, or chimney gases escaping
from the works into the atmosphere, there is not contained more than one-
Jifth part of @ grain of muriatic acid. (b) OF the acid gases of sulphur and
nitrogen which are evolved in the process of manufacturing sulphuric acid
or sulphates in the work to such an extent that the total acidity of such

ases 1n each cubic foot of air, smoke, or gases escaping into the chimney or
mto the atmosphere does not exceed what is equivalent to four grains of sul-
phuric anhydride.” Part I. (8). “Sulphurous acid arising from the combus-
tion of coal isnot included.” Part III. (29). *Inecalculating the proportion
of acid to a cubic foot of air, smoke, or gases, for the purposes of this Act,
such air, smoke, or gases shall be calculated at the temperature of 60 degrees
of Fahrenheit's thermometer, and at a barometic pressure of thirty inches.”
Part II1. (21). Methods for ascertaining the total acidity of chamber exits
will be found on pages 97 to 99.

Hydrochloric Acid in Chimney.—In order toascertain the HCl in chimney
gases, an aspirator is used known as Fletcher’s flexible aspirator, or the
bellows, This aspirator is supposed to draw at one aspiration one-tenth of
a cubic foot. 'It is not safe to trust to this intended capacity, and moreover
the capacity of a new aspirator varies for some time. To ascertain the real
capacity, fill a very large beaker or other cylindrical vessel with water, and
invert it under water. Completely fill the aspirator with air, and expel this
air into the inverted beaker. Mark the point to which the beaker is filled
when the water inside the beaker is level with that outside. Measure the
capacity of the beaker to that mark, say it contains V cubic centimetres of
water. Then the number of aspirations which must be made with this aspi-
rator in order to draw one cubic foot of air is

253290
He Vv
or if the capacity of the beaker is measured in grains,
436485
==

N will usually be a mixed number, but the nearest integral number is sub-
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stituted, and it will be safest to substitute the next higher integral number.
Thus, if N be found 9-3, it will be safest to cousider 10 as the number of aspi-
rations necessary to draw one cubic foot. The aspirator must be air-tight.
The gas is withdrawn from the chimney through a glass tube, which should
be sufficiently long to reach a considerable distance into the chimney, say
6ft. The glass tube should be of atleast §in. diameter, otherwise the aspira-
tion is tedious. In flues where the temperature is too high for glass, a pla-
tinum tube must be employed. The bellows and tube are washed with
distilled water until the washings give no reaction with silver nitrate. 100
or 200 cubic centimetres of distilled water free from chloride are then charged
into the bellows, and after each aspiration the gas is well washed by shaking
the contents of the aspirator violently, When the number N of aspirations
has been made, some water is forced into the glass tube, and allowed to flow
back into the bellows to wash out any acid which may have condensed in the
tube. The liquid is then tranaferrei into a porcelain dish (or into a beaker
standing on a porcelain slab). If the liquid is so highly charged with soot
that it would be impossible to recognise the change of colour, it must be
filtered through a filter previously washed free from chlorides. The liquid is
then oxidized with potassium permanganate, and any excess of this reagent
removed with a trace of ferrous sulphate, neutralized with pure sodium car-
bonate, coloured with potassium chromate, and titrated with decinormal
silver solution. (See p. 116, A, 8, and Appendix.) Some use a centinormal
silver solution. Call the number of cubic centimetres consumed =z, then
the hydrochlorie acid, in grains per cubic foot of gas, will be

G=005633"x grains.

In order to caleulate the percentage escape, the velocity of the oas in the
chimney must be ascertained and reduced to 60° F. No notice is usually
taken of the barometric pressure, since the measurement by the bellows is
otherwise inaccurate. In addition, the diameter of the chimney and the
number of tons of salt decomposed per 24 hours in the furnaces connected
with the chimney must be known.

If G =number of grains of HCI per cubit foot

If V=velocity at 60° F. in feet per second

If D=diameter of chimney at testing hole in feet

Ii T =tons of salt decomposed per 24 hours assumed
to contain 93 per cent. NaCl

the percentage escape will be
GVD?
0-74 Bt o
98 % "
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HYDROCHLORIC ACID.

SeeEciFIic GrAVITY oF Hyprocunoric Acip At 15°C CompareEp witHh WATER
AT 4° AND REDUCED TO VACUUM,

(Lunge & Marchlewski.)

100 parts by weight correspond to parts by

Epeciiln weight of 1 litre
e Acid of spec. | Acidof spec, |contains s
Fe ETAV. ETAv, o | 1bs, of HOL
tnihaman |1 5 oo EUAS SR TS i
1-000 0-16 067 0-63 16 0-10
1-005 1-15 4-08 884 12- 075
1-010 2:14 760 714 22- il
1-:015 o112 11-580 10-41 89 1:99
1-020 413 14-67 13-79 42 2:62
1:025 515 18-30 17-19 53 3:30
1-030 6:15 21-55 20-53 64+ 399
1-035 715 25-40 2387 T4 4'61
1-040 816 28-99 2724 85 530
1:045 916 32:65 30-58 O6- 998
1-050 10:17 86-14 83-95 107 6-67
1:055 11-18 39-73 87-83 118 735
1-060 12:19 43-32 40-70 129 804
1065 13:19 46-87 44-04 141 879
1-670 14-17 50-35 47-31 152 9-48
14075 1516 0387 062 163 10-16
1-080 16:15 o7-89 9392 174 10-85
1:085 17-13 60-87 5719 186 11-59
1-090 1811 64-35 6047 197 12-28
1:095 1906 6773 63-64 209 13-03
1-100 20-01 7111 66-81 220 13-71
1:105 20-97 T4-52 70-01 292 14-46
1-110 21-92 T7-89 519 243 1515
1-115 22-586 81-23 76-32 256 15-90
1-120 23-82 84-64 7953 267 1665
1-125 24-78 88:06 82:74 278 17-83
1-130 25'7H 91-50 8597 201 1514
1:135 26-70 94-88 8915 303 18-89
1:140 2766 958-29 92-35 alb 19-64
1-145 2561 101-67 95-52 328 2045
1-150 29-57 105-08 98:73 340 21-20
1155 30-55 108-58 102:60 353 2201
1-160 31-52 112-01 10524 366 23.53
1-165 82-49 115-46 10548 379 2363
1-170 o93-16 11591 11171 392 24-44
1175 8443 122-32 114-92 404 2519
1-180 35-39 125-76 1158:16 418 26-06
1-185 36-31 12903 121:23 430 2(-81
1-190 3723 132-30 124-30 443 27-62
1-195 3516 185-61 12741 456 2813
1-200 89-11 1358-:98 13058 469 20-24
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2,—INFLUENCE OF TEMPERATURE ON THE SPECIFIC GRAVITY
OF HYDROCHLORIC ACID.

o 5° 10° 15° 20° 25° 30° 35° 40° 45° 60°
1168 | 1'165 | 1'163 | 1'160 | 1157 | 1-154 | 1°152 | 1-149 | 1-147 | 1-144 | 1-142
1-158 | 1-155 | 1:153 | 1150 | 1-147 | 1-145 | 1-142 | 1'189 | 1137 | 1'134 | 1"132
1°148 | 1-145 | 1148 | 1140 | 1-187 | 11134 | 1-182 | 1-129 | 1-127 | 1-125 | 1°123
1:133 | 1-135 | 1-133 | 1130 | 1-127 | 1-125 | 1-122 | 1119 | 1-117 | 1:114 | 1-119
1128 | 11256 | 1°1123 | 1-120 | 1°117 | 1°115 | 1°112 | 1°110 | 1108 | 1106 | 1°103
1118 | 1-115 | 1°113 | 1-110 | 1-107 | 1105 | 1'103 | 1101 | 1-099 | 1:097 | 1-094
1108 | 1°105 | 1103 | 1-100 | 1-097 | 1095 | 1092 | 1°090 | 1-088 | 1'086 | 1-084
1098 | 1095 | 1093 | 1:090 | 1-087 | 1085 | 1'082 | 1-080 | 1'077 | 1'075 | 1'073
1-088 | 1085 | 1°083 | 1080 | 1077 | 1075 | 1073 | 1070 | 1'068 | 1°066 | 1-064
1078 | 1075 | 1°073 | 1070 | 1068 | 1'066 | 17063 | 1°061 | 1'059 | 1-057 | 1055
1-068 | 1065 | 1'063 | 1'060 | 1'058 | 1°055 | 1°053 | 1°050 | 1°048 | 1046 | 1-044
1058 | 1'055 | 1°053 | 1050 | 1°048 | 1"045 | 1°043 | 1:040 | 1'038 | 1-035 | 1-033
1°048 | 1045 | 17043 | 1040 | 1°037 | 1035 ' 1032 | 1030 | 1027 | 1-025 | 1'p22
1038 | 1035 | 1°033 | 1030 | 1-027 | 1-024 | 1022 | 1-019 | 1017 | 1-014 | 1'012
1028 | 1025 | 1-023 | 1°020 | 1°017 | 1014 | 1012 | 1-009 | 1007 | 1-004 | 1-002
1018 | 1°015 | 1013 | 1:010 | 1:007 | 1004 | 1-002 | 0°999 | 0°997 | 0-994 | 0-992

5y 60* 65 T0* 75" 8207 85" ao" 05° 1o0°

1140 | 1°138 | 1-136 | 1'133 | 1131
1130 | 1'128 | 1'126 | 1123 | 1'121
1120 | 1'118 | 1:116 | 1°'118 | 1111
1'109 | 1'107 | 1°104 | 1102 | 1-100
1-101 | 1099 | 1°096 | 1-094 | 1091

11137 | 1125 | 1123 | 1121
1116 | 1'114 1 112 | 1'110
‘108 | 1'106 | 1104 | 1°102 | 1099
1095 | 1093 | 1090 | 1-088
1086 | 1084 | 1081 | 1079
1

b e e e
=

14093 | 1090 | 1-085 | 1085 | 1083 078 | 1075 | 1073 | 1070
1082 | 1080 | 1-078 | 1076 | 1-073 071 | 1-069 | 1'066 | 1-064 | 1-061
1°071 | 1069 | 1'067 | 1°065 | 1-063 061 | 1059 | 1'057 | 1°055 | 1'053
1062 | 1'060 [ 1058 | 1056 | 1054 053 | 1051 | 1°049 | 1-047 | 1'045
1053 | 1051 | 1049 | 1048 | 1'046 044 | 1°043 | 1°041 | 1°039 | 1037
1042 | 1040 | 1038 | 1°036 | 1°034 1 &31 1029 | 1027 | 1025

1081 | 1029 | 1027 | 1-025 | 1:023 1017 | 1115 | 1:013
1020 | 1018 | 1°016 | 1014 | 1-011 1007 | 1:005 | 1003 | 1001
1010 | 1°008 | 1005 | 1003 | 1001 | 0999 | 0997 | 0995 | 0993 | 0991
1000 | 00998 | 0995 | 0993 | 0991 | 0°989 | 0987 | 0985 | 0983 | 0981

0:990 | 0988 | 0085 | 0983 | 0°981 | 0979 | 0977 | 0975 | 0978 | 0971

=

SE8

L=
|_|
f.:?
=
[=]
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3—ANALYSIS OF HYDROCHLORIC ACID.

1. Estimation of HCl.—Measure off, by means of an accurate pipette,
10 c.c. of the acid, whose specific gravity should be known, dilute to 200¢.c.,
take out 10 ¢.c. and add sodium carbonate, free from chloride, till the reac-
tion is neutral or faintly alkaline, This point will be hit quickly, and
without the loss of many drops for testing, if the percentage of the acid is
ascertained from its specific gravity by the table (p. 120) and the correspond-
Ing quantity of sodium carbonate solution is run in from a burette. Now
add a little neutral potassium chromate, and titrate with decinormal silver
solution till a faint pink colour has been produced. (Compare p. 116.) De-
duet 0:2e.c. from the silver solution employed ; the remainder, multiplied by
‘FfS I%IT‘EII ilivicled. by the specific gravity of the acid, indicates its percentage
of HCL

2. Estimation of Sulphurie Acid.—Neutralize the acid almost, but not quite,
with sodium carbonate free from sulphate, and precipitate the sulphuric
acid by barium chloride, as in p. 93. If the acid be partially saturated
with NHj, or not saturated at all, the result is too low, Rach part of BaSO,
1s equal to 0-34335 S0,

3. Estimation of Iron.—Reduce this to protoxide by digesting the acid for
a short time with a rod of zinc free from iron, wash the rod, dilute the whole
with water, add some manganous chloride or sul phate (in order to counter-
act the action of HCl on permanganate), and titrate with a twentieth nor-
mal solution of potassium permanganate, each cubic centimetre of which
indicates 00028 grm. Fe,

4.—BLEACHING POWDER AND CHLORATE OF POTASH
MANUFACTURE.

A.—NATURAL MANGANESE ORE.

L. Manganese Dioxide—Weigh 1-0875 grm.} of manganese ore, ground as
fine as possible, and dried some time at 100°C. ; put it into the flask (Fig. 10),
closed by an indiarnbber (Bunsen) valve; add 75 c.c. (in three pipettesful at
25 c.c. each) of a solution containing 100 grms. pure erystallized ferrous sul-
phate and 100 e.c. pure {:uncentrate% sulphuric aecid, diluted to one litre, and
standardized on the same day by means of the same 25 c.c. pipette, with deci-
normal potassium permanganate. Close the flusk by its indiarubbar cork
and valve, and heat till the manganese is completely decomposed, leaving a
light-coloured residue. On eooling, the valve must act properly, which will
be seen by the collapsing of the indiarubber tube. After complete cooling
add 200 c.c. of water, and titrate with potassium permanganate to a faint
pink coloration. Deduct the quantity of perman%'mmte now required from
that corresponding to the 75 c.c. of iron solution ; the remainder indicates for
each cubic centimetre 0-02175 grm., equal to 2 per cent. MnO.,.

As a check upon the above process, the analysis may be performed by
means of hydrogen peroxide in an acid solution, measuring the oxygen
evolved in a Nitrometer or in the Gasvolumeter (p. 113), as descriheg by
Lunge in 8.C.L., 1890, p. 24. :

* This test wonld fail in the presence of metallic chlorides, which are, however, hardly
ever present inappreciable quantity in ordinary hydrochloric acid. The fres HCl can also
be uscertained by estimating the total acidity and deducting therefrom that due to sul-
phuric acid, making allowance for any sodium sulphate present. : \

t This corresponds to the real equivalent of Mugg equal to 435 (molecular weight 87).



123

2. Carbon Dioxide isestimated gravimetrically by expelling it with dilute
sulphuric or nitrie acid and absorbing it in soda-lime, by means of the
apparatus and process described (p. 95).

£

3. Estimation of the Hydrochloric Acid required for Decomposing the Ore.—
Dissolve 1 grm. of manganese ore in a flask provided with a reflux cooler in
10 e.c. of ordinary strong hydrochlorie neid whose titre is known, employing
heat as far as necessary. Allow the solution to cool, add standard alkali
till reddish-brown flakes of ferric hydroxide appear, which do not redissolve
on agitation. Caleulate the standard alkali for the strength of acid em-
ployed for dissolving the ore, and deduct the quantity thus found from the
10 e.c. first employed.

B.—RECOVERED MANGANESE MUD AND WELDON
LIQUORS.

1. MnO, in Weldon Mud.—Standardize an acid iron solution (100 grms,
pure crystallized ferrous sulphate+100e.c. pure concentrated sulphuric acid
in 1 litre) with seminormal potassium permanganate (refer to Appendix), by
diluting 25 e.c. of the former with 100 ¢.c. or 200 c.c. of cold water, and adding
the permanganate from a glass-cock burette, till, on agitating, the pink
colour is not discharged immediately, but remains at least for half a minute.
Subsequent bleaching is not taken into account. This test should be made
once each day. Call the cubic eentimetres of permanganate employed .
Now, put again 25 c.c. of the iron solution into a beaker. Taks 10 c.c. of man-
ganese mud out of the well-shaken bottle (mere stirring does not ensure a
proper mixture) containing it ; wash the pipette outside, run its contents
into the beaker containing the iron solution, and wash the mud remaining
inside into the same beaker. When all has dissolved, on agitating, add
100 ¢.c. of water, and titrate with potassium permanganate, The number of
cubic centimetres now used equals y. The quantity of MuO, in grammes
per litre of mud equals 2'175 (z—y).

8. Total Manganese of the Mud, Expressed in Grammes of Theoretically Pos-
sible MnO, per Litre—Take 10 c.c. of the mud, with the same precautions as
in test No. 1. Boil with strong hydrochloric acid till all chlorine is driven
ofl'; saturate the excess of acid by ground marble or precipitated calcium
carbonate; add a concentrated filtered solution of bleaching powder; boil
a few minutes till the colour turns a strong pink,and the excess of bleaching
powder can be smelled, and again destroy the pink by adding aleoliol drop
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by drop. All manganese is now present as MnO,; filter and wash this,
The filtrate should not produce any brown colour with a bleaching-powder
solution, which would prove the presence of Mn in solution. Continue the
washing till starch and KJ do not give any reaction. Throw the filter
with the precipitate into 25 c.c. of the acid irom solution employed in test
No 1. If all MnO, is not dissolved, add another 25c.c. of iron solution :
dilptel&witf] 100 c.c. of water, and titrate with permanganate. Caleulation
as in No. 1.

3. Estimation of the Base, i.e., the Monoxides, ele., of the Mud which absorb
HCI without yielding Free Chlorine.—Dilute 25 c.c., or with a very high base
o0 ¢.c., of normal oxalic aeid (63 grms, crystallized oxalic acid in 1 litre) to
100¢.c. ; heat to 60—80°C., add 10 e.c. manganese mud by meansof a pipette,
with the precautions stated in No. 1, and agitate till the colour of the pre-
cipitate is no longer yellowish but pure white, which ought to take place
very soon at the above-named temperature. Dilute to 202 c.c. (2 c.c. corres-
pond to the bulk of the precipitate, and are marked on the neck of the
200¢.c. flask); pour through a dry filter, and titrate 100ec.c. of the filtrate
with standard alkali, employing litmus or corallin as indicator. (Methyl-
orange is not applicable for oxalie acid.) Call the number of cubic centi-
metres of standard alkali z. The oxalic acid serves (1) for reducing the
MnO, with formation of MnO and CO,; (2) for saturating the MnO thus
formed ; (3) for saturating the monoxides originally present, i.e., the base.
The oxalic acid not thus employed is equal to 2z. The acid used for reducing
MnO, is equal to that used for neutralizing the MnO formed, and both
amounts together are equal to the number 2—y obtained by the MnO, test,
since the oxalic acid is normal and the permanganate balf normal. The
amount of oxalic acid consumed by the bases of the mud is found by de-
ducting from the total acid used that required for the MnQ, (x—y), and that
which was not neutralized at all by the mud—2z, therefore in all z—y— 2.
The “base ” is equal to the ratio of this expression to the item 1, viz.—
r—y

2
It is therefore, if 25 ¢.c. of oxalic acid had been employed, equal to

B0—2x—4242y  /50—42 _9
x—y r—y

or, if 50 ce, had been employed, equal to

100-45)_2
z—y

C.—LIMESTONE.

L. Insoluble.—Dissolve 1grm. hydrochlorie acid, filter the residue, wash,
dry, and ignite. In the presence of appreciable quantities of organic sub-
stance weigh the filter after drying at 100°, and ignite afterwards. The
difference is taken as organic matter, :

2. Lime.—Dissolve 1 grm. in 25 c.c. normal hydrochloric acid and titrate
with normal alkali, Deduct the latter from 25 and multiply the remainder
with 2:8 to find the percentage of CaO, or with 5 to find that of CaCOy,
(N.B.—Here MgO is calculated as CaO. This is admissible for most lime-
stones employed in alkali and bleaching powder making, because they
contain but little MgO ; otherwise the MgO or MgCO, found as in No. 3
has to be deducted.)
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8. Magnesia needs to be estimated only in limestone serving for man-
ganese recovery. Dissolve 2 grms. of limestone in HCIl, precipitate the CaO
with NH; and ammonium oxalate, and precipitate the magnesia in the fil-
trate by sodium phosphate. (Compare p.118.)

4, Iron is usually estimated only in limestone serving for bleaching
powder making. Dissolve 2 grms, HCl, reduce by zine, dilute, add some
manganese solution free from iron, and titrate with permanganate, (Com-

pare p. 114.)
D.—QUICKLIME,

1. Free Ca0.—Weigh 100 grms. of anaverage sample carefully taken, slake
it completely, put the milk into a half-litre flask, fill up to the mark, shake
well, take 100 c.c. out, run it into a half-litre flask, fill up, mix well, and
employ 25 c.c. of the contents, equal to 1 grm. quicklime, for the test. Titrate
with normal oxalic acid and phenolphthalein as an indicator, The colour
is chal.;nﬂ'ed. when all free lime has been saturated and before the CaCO, is
attacked.

2. Carbon Dioxide—Titrate Ca0 and CaCO; together by dissolving in an
excess of standard hydrochloric acid and titrating back with standard
alkali. By deducting the CaO estimated as in No. 1 the quantity of CaCOj,
is obtained. For very accurate estimations the CO, is expelled by HCI, ab-
sorbed in soda-lime and weighed as deseribed; or it is estimated by volume
in Lunge and Marchlewski’s apparatus (p. 95).

Da.—SLAKED LIME.

1. Water.—Weigh about 1 grm. in a stoppered glass tube, and heat it
gradually in a platinum crucible, at last to a strong red heat (compare p.
117); allow to cool in the exsiccator and weigh back. The loss of weight
is equal to HyO+ CO,.

2. Carbon Dioxide is estimated as above,

TABLE SHOWING AMOUNT OF LIME IN MILK OF LIME,
(Calculated from Blattner.)

DNegrees Grms. CaOQ | Lb, CaO per Degrees Grmeg, CaO | Lb. CaO per
Twaddell. per litre, cubie foot. Twaddell. per litre. cubic foot.

2 11-7 07 28 177 11-1

4 24-4 15 30 190 11-9

6 871 2:3 32 203 127

8 49-8 31 84 216 15-5
10 625 &9 86 229 14-3
12 752 47 s 242 15-1
14 87-9 5 40 255 15-9
16 100 6-3 42 268 16-7
18 118 71 41 281 176
20 126 79 46 204 154
22 138 87 418 807 192
24 152 95 B0 821 200
26 164 10-3
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E.—BLEACHING POWDER.

1. Available Chlorine—Weigh 7-100 grms. of the sample, previously well-
mixed ; grind it with a little water in a porcelain mortar (whose lip has
been greased a little at the lower side) till a completely homogeneous thin
paste has been obtained ; dilute with more water, wash the whole into a litre
flask, fill up to the mark, and take for each test 50 c.c.—0:355 grm, bleaching
powder, having shaken up the flask immediately before, Run into the
above, with continuous agitation, an alkaline decinormal arsenite solution
containing 4-95 grms. As,O; per litre (refer to Appendix) till the expe-:-.ted!
point is not very far off. Then place a drop of the mixture on to a piece of fil-
tering paper, moistened with a starch solution containing iodine. If there is
very much chlorine left, a brown spot will be produced ; if less chlorine, the
spot will be blue. According to the depth of this colour more or less arsen-
ite solution is run in, and the above test is repeated till the paper is coloured
hardly perceptibly, or not at all. Bach cubic centimetre of the arsenite
solution indicates 1 per cent. available chlorine, (For sampling of bleach
refer to Appendix.)

Another very accurate method, requiring no standard liquid, consists in
decomposing the bleaching powder by hydrogen peroxide in a Nitrometer
or Gasvolumeter (Lunge, S.C.I., 1890, 22),

2. Comparison of the Percentage of Bleaching Powder with the French (Gay-
Lussac) Degrees.—The latter are understood to mean the number of litres of
chlorine gas at 0°C. and 760 mm. pressure, which could be given off by 1
kilogramme of bleaching powder. The oxygen given off in the hydrogen
peroxide method (compare last paragraph) shows this direetly.

French | Per cent. | French | Per cent.| French | Per cent. French | Per cent.
Degrees. | Chloriue. || Degrees. | Chlorine, Degrees. | Chlorine. | Degrees. | Chiorine,

63 2002 80 05+42 97 80-32 113 8591
61 2034 81 2574 93 81-14 114 3622
65 2065 82 26-06 99 31-46 115 8654
66 2097 83 26-37 100 81-78 L1 116 56-86

67 | 2129 [ st | 2669 | 101 | 8200 | 117 | 8718
63 | 2161 || 8 | oror || 102 | 8241 | 118 | 3730
69 | 2193 | 8 | 27838 | 108 | s273 | 119 | 8781

0 | 222¢ | 87 | 2765 || 104 .| 8305 | 120 | 8813
71 | 2256 | 88 | 2796 || 105 | 8886 [ 121 | 8845
72 | 2288 | 89 | 2828 || 106 | s368 [ 122 | 8877
78. | 2820 || 90 | 2560 | 107 | 8400 | 128 | 8908
74 | 2851 | 91 | 2892 [ 108 | 8482 | 121 | 3940
7% | 2383 [ 92 | 2923 [ 109 | 8464 | 195 | 3972
76 2415 93 29-55 110 | 8L95 || 126 | 4004
77 | 2447 | 94 | 2987 || 11 | 85927 || 127 | 4036

78 24:79 95 8019 || 112 | 8559 128 | 4067
79 2510 96 8051 |

F.—DEACON PROCESS.

Aspirate b litres of gas, issuing from the decomposer, pla,ninﬁ the appara-
tus as closely to the outlet of the decomposer as possible, and absorb the
hydrochloric acid and chlorine in a solution of caustic soda of 15°Tw., of
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which about 250 c.c. are distributed into twoor three absorbing bottles. The
time of absorption ought to agree with the time occupied by the charge in
the saltcake pan. Unite the contents of the several bottles and dilute to
500 ¢.c.

1. Take 100 e.eyof this solution, and add it gradually to 25 c.c. of an iron
solution éprepnred and standardized as directed on page 122) in a flask re-
presented by Fig. 11 (page 123), and heat to boiling. Allow to cool, dilute
with 200 c.c. of woter, and titrate with semi-normal permanganate solution,
Say it required y c.c. Suppose that when standardizing the iron solution
25 c.c. of iron solution required z c.ec.

2. Take 10 c.c. of the solution to be tested, add thereto some solution of
sulphurous acid, acidify with dilute sulphuric acid. If it does not smell of
sulphurous acid, add a little more. Heat to boiling. When cool, add, if
necessary, a few drops of permanganate to oxidize any sulphurous acid in
excess. Neutralize with pure carbonate of soda, dilute with water, and after
adding a few drops potassium chromate, titrate with decinormal silyer solu-
tion. Suppose it consumes z c.c. of silver solution. Then

Bz —y
Z
is the percentage of hydrochloric acid d¢composed, and

T
42 ﬂ+*§—

g L
equals the amount of air present for every volume of hydrochlorie acid, If
any other volume I'of gas instead of 5 litres be employed, the constant 425

chan into
ey Ix 1565

50 x 0-00865
assuming that the other directions are strictly followed, and that 1 litre of
hydrochloric acid weighs 1-55 grm. at 50° C. and 760 mm. pressure.

G.—CHLORATE OF POTASH.

1. Chlorate Liquors contain calcium chlorate and chloride, but these are
calculated as potassium salts for the sake of convenience,

(@) Chlorate is estimated both in order to check the work and to calculate
the necessary addition of KCl. Measure 2 c.c of liquor in an exact pipette,
run it into the flask (Fig. 11, p. 123), add a little hot water and one drop of
alcohol, boil (without the valve) till all smell of chlorine and the pink colonr
have disappeared, allow to cool, add 25 c.c. of the strongly acid ferrous sul-
phate solution (mentioned p. 122, and requiring e c.c. of seminormal per-
manganate), close the flask with its valve, and boil for 10 minutes. After
eooling, titrate wiecn seminormal permar. zanate. The number of eubie
centimetres required to produce a faint pink=>5. The liquor then contains
calcium chlorate equivalent to 5105 (a—b) grms. KCIO; per litre, and it will
theoretically require an amount of 8105 (@—b) grms. of pure KCI per litre,

(b) Chloride is estimated in order to check the work, and theréfore caleu-
lated as KCl, although present as CaCl,. Treat 1 c.c. of liquor as above, to
destroy the free chlorine and pink colour, allow to cool, add a little neutral
potassium chromate, and titrate with deeinormal silver nitrate (as described
p. 116). Each cubic centimetre of the latter indicates chloride eguivalent
to 745 grms. KCl per litre,
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2. Commercial Chlorate of Potash is only tested for any chlorides caleu-
lated as KCl. As their quantity is very slight, it is advisable to dissolve
50 grms, of the salt in water absolutely free from chlorine, and to test with
decinormal silver nitrate, as in the last number, Each cubic centimetre of
this=0-00745 grm, KCl=0'015 per cent. KCL

5.—SODA-ASH MANUFAGCTURE.
A.—RAW MATERIALS.

1. Savtcaxe.—(Refer to p. 117.)
2, LiuestoNe or Coack, for mixing,

(@) Insoluble.—(Refer to p. 124.)

(b) Lime (+MgO).—(p. 124.)

(¢) Magnesia (only in limestones containing much of it).—(p. 125.)
8. Mixineg Coawr (slack).

(a) Moisture.—(p. 89.)
Eb Fized Carbon.—(p. 85.)
¢) Ashes (p. 85.)—In the case of unknown descriptions of coal it is not
sufficient to estimate the total percentage of ashes, but the latter should be
analyzed, and silica, alumina, and ferric oxide estimated according to the
rules of the analysis of silicates.

(d) Sulphur—Mix 05 grm. to 1 grm. of finely-ground coal with 1% times
the weight of an intimate mixture of two parts well-calcined magnesia and
1 part anhydrous sodium carbonate. This is done by means of a glass rod
in a platinum crucible, which is heated without cover, and in a slanting
position, so that only its lower half attains red heat, preferably in the per-
forated asbestos slab (p. 85). The combustion should be assisted by frequent
stirring with a platinum wire, and should last hardly longer than an hour,
the grey colour of the mixture passing over into yellow, reddish, or brown,
Pour hot water over the mass, add bromine-water till the liquid is faintly
yellow ; boil, decant through a filter, and wash with hot water. Acidulate
the filtrate with HCI, boil till all bromine is removed and the liquor has
been decolorized, and precipitate with barium chloride (as described p. 94).
If the magnesia or sodium carbonate employed contains sulphates, these
must be estimated and taken into account. If the gas for burning contains
much sulphur, it is best to employ a spirit lamp ; but the perforated asbestos
slab, as recommended above, will nearly always suffice for keeping away the
products of combustion of the gas from the contents of the erucible, and
thus admit of employing ordinary illuminating gas and a Bunsen burner.

(¢) Nitrogen is estimated by 1gniting with soda-lime and receiving the
ammonia formed in standard sulphuric acid, according to the rules of or-
ganic elementary analysis,

B.—BLACK-ASH.

Digest 50 grms. of the finely powdered avem%e sample with 480c.c. of
water at 45° C., which had been previously freed from CO, and O by boilin
and cooling down in a corked bottle. This will produce 500c.c. of liquid.
Shake at once and afterwards frequently, at least during two hours, The
following tests are made partly with the muddy mixture, partly with the
clear portion ; but the former ones must be made to begin with,

I. Tests Mape witH THE Muppy Mixrore.—Each time before taking out
a sample, the flask is thoroughly shaken up, and, before the deposit settles
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again, a sample is taken by means of a 5 c.c. pipette, with a short and
somewhat wide outlet (to prevent obstruction by the mud). The mud
outwardly adhering is washed off, the contents of the pipette are run out
into a beaker, and the mud adhering to the inside of the pipette is washed
into the same beaker.

1. Free Lime (or its equivalent of sodium hydrate) is found by adding to
D c.c. of the mixture an excess of barium chloride solution, as well as a ﬁmp
of phenolphthalein solution and titrating with 3-normal oxalic acid, till the
redp colour has just vanished. Each c.c. of the acid=0:0056 Ca0.

2. Tolal Lime.—5 c.c. of the muddy mixture are put into a flask, a few
c.c. of concentrated hydrochloric acid are added, and the whole is boiled till
all the gases have been expelled. Cool down a little, add a drop of methyl-
orange solution, and neutralize exactly with sodium carbonate, ¢.e., till the
red colour has just gone., Now add 30c.c. of t-normal sodium earbonate
solution, exactly measured, and heat to boiling, to precipitate all the lime
as CaCO; (together with any ferric oxide, alumina and magnesia, whese
quantity is too insignificant to be regarded for this test). Wash the whole
into a 200 c.c. flask, fill up to the mark, take 100¢.c. of the clear liguid, and
titrate back with 4-normal hydrochloric acid. Deduect the c.c. used x 2 from
80; the difference x 0-0056=total lime, or x 0-0100=ecalcium carbonate.

(N.B.—These tests cannot be expected to give any very accurate results,
owing to the almost, insurmountable difficulty of obtaining a real average
sample of black-ash ball. This, however, applies to all tests made with
black-ash.)

II. Tests mapE witH THE CrEAR PorTron.—After having made all the
tests described sub 1., allow the mixture to settle down in the well-corked
flask, and take samples of the supernatant clear liquid for the following
tests :(—

1. 10 c.c. (=1 grm. black-ash) is titrated cold with hydrochloric acid and
methyl-orange. This indicates the total available alkali, e, Na,CO,,
NaOH, and Na,S. (The small quantity of alumina and silica present causes
no appreciable error.) By deducting the quantities found in tests Nos, 2
and 3 the quantity of sedium carbonate is found, viz., 0058 grm. for each
cubic centimetre of mormal HCl. It is, however, expressed, like all other
sodium compounds, in terms of Na,0, by multiplying each eubic centimetre
of normal acid by (-031.

2. Caustic Soda is estimated by addinﬁ to 20 e.c. of liquor, contained in
a 100 c.c. flask, an excess of barium chloride (10e.c. of a 10 per cent. solution
of BaCl,, 2H,0 will always more than suffice for this), adding boiling water
up to the mark, shaking up, and corking the flask. After a few minutes
the precipitate is settled. Take out 50 c.c. of the clear portion, without
filtering,* and titrate with normal hydrochloric acid, When employing
methyl-orange as indicator, the liquid must be cooled first. According to
Cl. Winkler, the separation of the barium carbonate is unnecessary when
oxalic acid is employed as the standard acid. In this case litmus or, better,
phenol-phthalein must be employed as indicator. Each cubic centimetre of
the standard acid indicates 0-040 grm. of NaOH in 1 grm, of black-ash=
0081 Na,O, but sodium sulphide is here included as well.

8. Sodium Sulphide.—Dilute 10 c.c. of liquor to about 200 c.c., employing
water freed from oxygen by boiling, acidulate with acetic acid, and titrate

* The filtering paper absorbs a sensible portion of barium salt,
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quickly with iodine solution, using starch as an indicator. 'When employ-
ing a decinormal iodine solution (127 grms. I per litre), each cubic centi-
metre indicates 0-0039 Na,S (=0-0081 Na,0). A solution containing 3-256
grms. I per litre would indicate 0-001 grm. Na,S per cubic centimetre. In
the former case the number of cubic centimetres of decinormal solution
divided by 10 can be deducted at once from the acid employed in test No. 1,
whereby the sulphide is eliminated from the alkali test. Other sulphur
compounds (except sulphate) need not be taken account of in fresh black-ash.

4, Sodium Chloride—Neutralize 10 c.c. of the liquor as accurately as
possible with nitrie acid, preferably by adding exactly as many cubic
centimetres of standard nitric acid (68 grms. NOg H per litre) as had been
employed in test No. 1. Boil till all H,S has been expelled, filter from any
sulphur precipitated, add a little neutral potassium chromate, and titrate
with silver solution (as deseribed page 117). Each cubic centimetre of
decinormal silver solution indicates 000585 grm. NaCl. A solution con-
taining 2906 grms. AgNO; per litre shows 0001 grm. NaCl per cubic centi-
metre.

5. Sodium Sulphate—Acidulate 10 c.c. with a very slight excess of HCl,
boil, add barium chloride, filter, wash, and ignite the precipitated BaSO,.
Since the quantity is very small, it can be washed with hot water on the
filter itself, which is then placed in the moist state in a platinum erucible
and ignited. Each part of BaS0,=06094 Na,SO,.

6. Prepare an average sample of all batches by pouring a eertain quantity
of the liquor belonging to each batch into a common vessel ; carbonate this
by passing CO, through its filter, evaporate the filtrate to dryness, and
estimate in the residue Nay,COj, NagS0,, and NaCl

C.—TANE WASTE (VAT WASTE).

Take a large, really representative average sample, which should be
kept protected from air, and of which 50 grms. should be weighed out
quickly and in the moist state. Drying in contact with air would con-
siderably change its composition. Moist tank waste may be assumed,
without any great error, to contain 40 per cent. of water. Digest the above
B0 gr{xlus. waste with 490 c.c. water of 40° C., which will yield 500 c.c. of
liguid.

1. Available Soda (NayCO,, or Na,S).—Take 100¢.c. of the liquor, pass into
it a current of well-washed carbon dioxide, heat the liquid to boiling,
bring up the volume again to 100 c.c., pour through a dry filter, and titrate
50 e.c, of the clear portion with decinormal hydrochloric acid, of which each
c.c. will indicate 0:0081 grm. Na,O, or, in this case, 0-062 per cent. NagO of
the moist waste.

9. Total Soda (inclusive of Insoluble Sodium Salts)—Heat 17-7 grms.* tank
waste in a porcelain or iron dish with sulphuric acid of specific gravity 13,
till all has been decomposed and converted into a stiff paste, evaporate to
dryness, heat till all free sulphuric acid has been driven off, add hot water,
serape out the mass, and put it into a 250 c.c. cylinder. Neutralize any free
acid left, and precipitate any magnesia present by adding some pure milk

¢ This amount is correct, not 18:6grms., as a ealenlation wounld seem to show, becanse
an mlgawance must be made for the bulk of the insoluble residue in the measuring
Y CE8LI8. 4
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of lime (obtained from ordinary slacked lime by pouring off the first water,
which may contain seme alkali), fill up to the mark, allow to settle, take
out 50 c.c. of the clear liquor, add 10 c.c, of saturated ‘:’:mryta water, pour the
mixture through a dry filter, take 50 c.c. of the filtrate, precipitate all baryta
by ing through the liquid CO, and boiling, filter, and titrate the filtrate
with decinormal hydrochloric acid. Each eubic centimetre of this will
indicate 01 per cent. of Na,O in the waste, taking into account its bulk, °

3. Total and Oxidizable Sulphur.—Boil 2 grms. of the waste with hydro-
chloric acid, filter, wash with dilute HCI, neutralize the filtrate almost
completely by adding sodium carbonate, precipitate with barium chloride,
filter, wash, and ignite the barium sulphate.” From this is calculated the
sulphur present as sulphate (a). Another samgle of 2grms. waste is oxi-
dized by a strong bleaching powder solution and hydrochloric acid, or by a
solution of bromine in strong hydrochloric acid. When a strong smell of
chlorine is felt, all S is oxidized to sulphuric acid. Filter and estimate the
SO,H, in the filtrate. This indicates the total sulphur (b). The difference
b—a is the oxidizable sulphur, i.e., the theoretically recoverable maximum
of sulphur in the waste.

D.—TANK LIQUOR (VAT LIQUOR)

Is tested while hot, or else it is kept at about 40° C., to prevent erystalliza-
tion. Take out only small samples (2 to 5e.e.) with an accurate pipette.
This greatly furthers the work,

1. Sodium Carbonate—Titrate 2c.c. with standard hydrochloric acid,
When employing methyl-orange as indicator, first add some cold water,
From the cubic centimetres found deduct those found in test No. 2 and one-
tenth of that in test No. 3.

2. Sodium Hydrate (estimated as on page 129).

3. Sodium Sulphide is estimated by decinormal iodine solution (as on page
129). The error caused by other sulphur compounds is hardly appreciable,
and for practical purposes of no consequence. In any case this test must be
made in order to rectify test No. 1.

4. Sodium Sulphate (as on page 130).

5. Tolal Sulphur.—Oxidize the liquor with bleaching powder and hydro-
chloric acid (as described C8, page 181), and precipitate by barium chloride,

6. Sodium Chloride (as page 130).

7. Sodium Ferrocyanide— Acidulate 20 c.c. of liquor (or more) with HCI,
and add strong bleaching-powder solution from a burette, constantly agitat-
ing. From time to time mix a drop of the mixture on a white slab with a
drop of dilute ferric chloride solution, free from ferrous chloride. When no
more Prussian blue is formed, but the mixture of both drops turns brown,
all is oxidized, hence also all ferrocyanide is turned into ferricyanide. A
drop of bleach solution in excess does no harm, but if too much excess has
been used, or if too much liquor has been lost by taking out test drops, a
fresh sample is taken out, which can this time be oxidized by running the
requisite quantity of bleach liquor from the burette without losing much by
making the drop-tests. This process gives quicker and more accurate results
than adding an excess of bleach and driving out the chlorine by heating, in
which case some ferricyanide may be decomposed. The oxidized liquor is
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titrated with decinormal copper solution, containing 3175 grms. Cu or
12475 grms, crystallized cupric sulphate per litre, which precipitates yellow
CuyFesCype.  From time to time test a drop of the liguid by bringing it
together on a porcelain slab with a drop of a dilufe ferrous sulphate solution.
So long as a blue colour is produced by the action of FeSO, on NagFe,Cyys
more copper solution is added, till the test on the slab turns no more blue
or grey, but reddish. Now no more NayFe,Cy,, is present, and the FeSO, on
the slab now reduces the yellow copper ferricyanide to red ferrocyanide.
The first sensible reddening must be taken as the final reaction, although
it vanishes after a short time. According to theory each cubic centimetre
of the copper solution ought to indicate 0-01013 grm. Na,FeCy,: but recent
experiments (Chemische Industrie 1882, p. 79) have shown this not to be the
case. Too little copper solution is employed, and each cubie centimetre of
this must therefore be put equal to 0:0123 grm. Na,FeCys,, or, still better,
the copper solution must be standardized by pure potassinm ferrocyanide.

8. Silica, Alumina, and Ferric oxide (Parnell)—Supersaturate 100 c.c, of
liguor with HCl, boil, add a large quantity of ammonium chloride and
ammonia in excess, and boil till all smell of NH; has ceased. The precipi-
tate s2ttles easily, and can be well washed. On washing with hot water it
turns intensely blue (by the formation of prussian blue?); on igniting 1t
leaves 8i0,, Al;Og, and Fe,0,.

9. A large sample of the liquor is earbonated by passing CO, through it;
it is then filtered, evaporated to dryness, and the residue tested for available
alkali, Na,SO, and NaCl,

E—CARBONATED LIQUORS

Are tested in all respects like D. Bicarbonate is estimated by the following
method, which is also applicable to testing the bicarbonate of commerce.
Put 20 c.c. of liquor (or more if necessary) into a 100 c.c. flask, add 10 e.c. of
seminormal ammonia (85 grms. NH; per litre, absolutely free from CO,) and
an excess of barium chloride ; fill up to the mark with cold water, cork the
flask well, allow to settle, take 50 c.c. of the clear liquid, and titrate with
standard hydrochloric acid, of which « e.c. is used. The formula: 11 (10—a)
then indicates the milligrammes of CO, present in the liguor as bicarbonate.
If the ammonia is not exactly seminormal, the ficure 11 must be replaced by
another corresponding to the milligrammes of CO, per cubiec centimetre of
the ammonia; and 10 must be replaced by the number of cubic centimetres
of ammonia required for neutralizing 5 c.c. of normal HCl. In order to
compare the CO, present as bicarbonate with the total CQ,, a fresh sample
of the liquor is titrated with normal hydrochloric acid and methyl-orange
at the ordinary temperature. The number of ecubic centimetres used, multi-
plied by 22, indicates the milligrammes of CQO, present as monocarbonate,
The latter item added to the former yields the total CO,.

The following formula admits of caleulating the proportion of Na,CO; and
NaHCO, in & mixture containing both, if we know the amount of available
Nay,O=a, and the total CO,=5. There is present :

Na,O in the state of Na,C0;=2a—1-409
NayO in the state of NaHCO,=a less the above,

The total CO, present may also be estimnated by the method of Lunge &
Marchlewski (Zeitsch. f. angew. Chem., 1891, p. 229),
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F.—TABLES.

1.—SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM
CARBONATE AT 60° F=15C.*

Percentage by weight. 1 cubic foot of solution contains
Twaddell.
Na,0 Na,CO, Na,0 Na,CO, 487 ash.t
1 028 047 0172 0294 0-358
2 0-56 095 0-350 0-598 0-728
3 0-84 1-42 0525 0-598 1-094
4 1-11 1-90 0-707 1-209 1:473
2 1-89 2:38 0389 1-521 1-853
6 1-67 2:85 1-070 1:830 2230
7 1-95 388 1-257 2:149 2:618
8 223 380 1-441 2:464 3002
9 2:50 4-25 1-631 2-788 3-397
10 278 476 1-552 8116 3797
11 306 023 2:012 5440 4-192
12 334 o7l 2:206 3772 4-596
13 361 6:17 2:896 4-097 4-992
14 3'83 664 2-591 4-430) 5397
15 4-16 710 2783 4-759 5799
16 442 LT 2:081 5098 6-211
17 4-70 304 3181 5439 6-627
18 497 851 3-382 5783 7046
19 B4 897 3-582 6-125 7462
20 5H2 9-43 3783 6468 7850
21 579 9:90 3989 6821 8311
22 6:06 10-37 4197 {i I 8745
2 6-33 10-53 4-403 7529 9174
24 661 11-30 4-615 7801 9613
25 6-88 11:76 4-825 8249 10:050
26 il 12:28 5040 8617 10-500
27 i 12-70 5266 8958 10-951
28 770 13-16 5 465 9:354 11-396
29 797 13-63 5691 9-781 11-857
30 824 14-09 5008 10-103 12-310

* OeservatioN.—Special experiments have shown that the tables 1 and 2 indicate with
suficient aceuracy, not merely the percentage of solutions of pure sodiom carbonaie, but
also that of the dry residue in ordinary tank liquors,

1 Equivalent to 31.
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F.—TABLES.

24—SPECIFIC GRAVITIES OF CONCENTRATED SOLUTIONS OF
SODIUM CARBONATE AT 86° F. (30° C.).

Percentage by weight. Lh. per enhic foot.
Twaddell.
Na,0 Na,C0, Na, O Na,CO, 458°/, ash
28 e F 13-62 5662 9-651 11-80
29 821 14-04 586 10-02 12-12
80 846 14-47 606 10-37 12:64
31 571 14-589 6:27 10-72 13-06
82 8§96 1582 648 11-08 13-50
33 921 1574 6:69 11-43 13-03
54 9-46 16-18 6-01 11-51 14-39
35 971 16-60 711 12-16 14-52
36 9-96 17-04 733 12-53 1527
37 1021 . 17-46 704 1290 1572
35 10-46 17+89 776 13-27 16-17
89 10-71 18-32 798 13-65 16-63
40 10-97 1875 821 14-03 17-10
41 11-23 19-18 842 14-40 17:535
42 11-47 19-61 565 14-79 1503
43 11-72 20-04 8:88 15-18 1850
41 11-97 20047 911 1557 1897
45 12-28 20-90 9-34 15496 19-45
46 12-48 21-33 G506 16-35 19-92
47 12-78 2177 9-50 16-76 20-42
45 12-98 22:20 10:03 17-16 2091
49 13-24 22:63 1027 1757 2141
50 13-49 2307 10-52 17-498 21-91
51 1374 23-50 10-76 1539 22-41
52 14-00 2393 11-00 15-580 22-91
Hh] 14+24 24-35 11-25 19-20 23-40
51 14-49 2477 11-47 19-61 23-90
55 14-73 25-19 1172 20-03 24-41
50 14-98 2561 11-95 2044 24-91
a7 1522 26-03 1220 20-56 2542
58 1547 26-45 1245 2128 2503
59 1572 26-87 12:69 21-69 26-43
61 15:96 27-29 12-94 22-12 26-95
61 16-20 2771 1318 22-54 2747
62 16-45 2513 12-44 22:97 2799
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20.—PERCENTAGE OF CONCENTRATED SOLUTIONS OF SODIUM
CARBONATE, MEASURED AT 80°C.=86"F.*

EEEE:E; fikcnss 1001b, contain 1h, 1 litra containe Grms,
aaps | TUMUERL o0, - | Meio0, e Me.00: NesCOss
1:310 62 2813 7091 8685 0994-5
1-300 60 27-30 T8-67 854-9 9574
1290 58 26-46 71-40 8413 921-0
1-280 515 2562 6911 837-9 884-7
1270 o4 24-73 66-56 814-7 849-2
1-260 52 23-03 64-59 3015 813-2
1250 50 23-08 62:15 9885 i85
1240 48 22-21 59-954 2754 7430
1-230 46 21-33 570D 2623 7078
1:220 44 20-47 B5o20 249-7 67a-8
1-210 42 19-G1 52:91 2878 640-3
1-200 40 18:76 5062 2251 607-4
1:190 a3 17-90 4831 214-0 577D
1:150 a6 17-04 45497 201-1 5426
1-170 84 16-18 43-33 189-3 5109
1-160 22 1532 41-84 1977 4795
1-150 30 14-47 39-04 1644 449-0
1-140 25 13-62 36-75 1553 4190

* This temperature has besn exceptionally selected for tables 24 and 2m, hecause tha
more concentrated liqguors cannot exist as snch at 15°C.
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3—INFLUENCE OF TEMPERATURE ON THE SPECIFIC
GRAVITIES OF SOLUTIONS OF SODIUM CARBONATE.

0" C. ! 5 10 15° 20° 25° 30° 35° 40° 45" 60°
— | = | = | = | = | = (1285 |1082] 1070|1078 1078
— | = | = | = | = | = |1274 1271|1267 1265|1262
— | = | — | = | = | — |1268|1260| 1257|1254 1251
— | = | = | = | = | = |122]|1250| 1247|1244 | 1240
— | — | — | = | = | = |1241|1289 1236 1283|1230

1-240 | 1-288 | 1-236 | 1-234 | 1-232 | 1-230 | 1-227 | 1-224
1-230 | 1-228 | 1-225 | 1223 | 1-221 | 1-219 | 1-216 | 1-213
1-220 | 1-218 | 1-215 | 1218 | 1-210 | 1-208 | 1-205 | 1-201
1-210 | 1-208 | 1-206 | 1-204 | 1-201 | 1199 | 1-196 | 1-192
1-200 | 1-198 | 1-196 | 1-194 | 1-192 | 1189 | 1-186 | 1-183

198 | 14195 | 1'193 | 1-190 | 1-188 | 1-186 | 1-184 | 1-182 | 1-179 | 1176 | 1-178
188 | 1185 | 1188 | 1-180 | 1-178 | 1-176 | 1-174 | 1-172 | 1-169 | 1166 | 1-163
177 | 1-174 | 1'172 | 1-170 | 1°168 | 1166 | 1-164 | 1-162 | 1-160  1-157 | 1-154
166 | 1-164 | 1162 | 1-160 | 1-158 | 1-156 | 1-154 | 1-152 | 1-150 | 1-148 | 1-145
156 | 1154 | 1152 | 1-150 | 1-148 | 1-146 | 1-144 | 1-142 | 1-139 | 1-136 | 1-134
[ |
1146 | 1-144 | 1-142 | 1-140 | 1-188 | 1-186 | 1134 | 1182 | 1-129  1-126 | 1-123
1186 | 11184 | 1-182 | 1-180 | 14128 | 1-126 | 1-124 | 1-122 | 1-120 1-117 | 1-114
1126 | 11124 | 11122 | 1120 | 1118 | 1-116 | 1114 | 1-112 | 1-110 1-107 | 1104
- 1-112 | 1-110 | 1-108 | 1-106 | 1-104 | 1-102 | 1-100 | 1-098 | 1-095
1106 | 1104 | 1-102 1-100 | 1-098 | 1-096 | 1:094 | 1:092 | 1-090 | 1-088 | 1-085

l
1-096 | 1-094 | 1-092 | 1-090 | 1-088 | 1-086 | 1084 | 1-082 | 1-080 | 1-078 | 1-075
1086 | 1-084 | 1-082 | 1-080 | 1-078 | 1076 | 1-074 | 1-072 | 1-070 | 1-068 | 1-065
1-075 | 1-073 | 1-071 | 1-070 | 1-069 | 1-067 | 1-065 | 1:063 | 1-061 | 1:059 | 1-056
1:061 | 1-060 | 1-059 | 1-057 | 1'056 | 1-054 | 1-052 | 1030 | 1-047
1051 | 1-050 | 1049 | 1-048 | 1'046 | 1-044 | 1-042 | 1-040 | 1-037

| 1-041 | 1-040 | 1-039 | 1-038 | 1:036 | 1-034 | 1-032 | 1-030 | 1-027
1-031 | 1-030 | 1-029 | 1-028 | 1-026 | 1-024 | 1-022 | 1-020 | 1-017
1021 | 1-020 | 1-019 | 1-018 | 1-016 | 1-014 | 1-012 | 1-010 | 1-007
1-011 | 1010 | 1-009 | 1-008 | 1006 | 1-004 | 1-002 | 1-000 | 0-997

R
8 e
G il

e
=
[ =n]
[
il
=t
L =]
b 20

3
lﬂlﬂ%bﬂ

el
SIS
= 2




137

3.—INFLUENCE OF TEMPERATURE ON THE SPECIFIC
GRAVITIES OF SOLUTIONS OF SODIUM CARBONATE.—Continued,

55" 60" 65° 70° 75° 80" 85° 20" a5" 1007

1-270 | 1267 | 1-264 | 1-260 | 1256 | 1'252 | 1-247 | 1-243 | 1-238 | 1-234
1-259 | 1-256 | 1253 | 1-249 | 1-244 | 1-240 | 1-236 | 1-232 | 1-228 | 1-224
1248 | 1-245 | 1-241 | 1-237 | 1-283 | 1-229 | 1-226 | 1-222 | 1-218 | 1-215
1-237 | 1234 | 1-230 | 1-227 | 1224 | 1-220 | 1-217 | 1-218 | 1-210 | 1-206
1226 | 1-223 | 1220 | 1-216 | 1-213 | 1-210 1 207 | 1-204 | 1-200 | 1-197

1-220 | 1-217 | 1-218 | 1-210 | 1-206 | 1-203 | 1-199 | 1-195 | 1-191 | 1-188

1-209 | 1206 | 1-202 | 1199 | 1-195 | 1-192 | 1-188 | 1-184 | 1-181 | 1-178
1-198 | 14194 | 1-191 | 1188 | 1-184 | 1-181 | 1-178 | 1174 | 1°171 | 1-168
1-189 | 1'185 | 1-182 | 1178 | 1175 | 1-172 | 1168 | 1-165 | 1-162 | 1-159
1-179 | 1176 | 1-172 | 1-168 | 1:165 | 1-162 | 1-158 | 1-1565 | 1-152 | 1-149

11169 | 1666 | 1-163 | 1-159 | 1-156 | 1153 | 1-149 | 1-146 | 1-143 | 1-140
11160 | 1-156 | 1-158 | 1-150 | 1-147 | 1-144 | 1140 | 1187 | 1-184 | 1-181
1151 | 1-147 | 1144 | 1141 | 1188 | 1185 | 1-181 | 1198 | 1195 | 1-122
1142 | 1189 | 1136 | 1183 | 1180 | 1-126 | 1-123 | 1120 | 1117 | 1114
1181 | 1128 | 1125 | 1122 | 1-119 | 1-116 | 1113 | 1-110 | 1107 | 1-104

1-120 | 1-118 | 1-115 | 1-112 | 1-109 | 1-106 | 1-103 | 1-100 | 1-097 | 1-094
1-111 | 1-108 | 1-105 | 1-102 | 1-099 | 1-096 | 1-093 | 1-090 | 1-087 | 1-084
1-101 | 1-098 | 1-095 | 1-092 | 1-089 | 1-086 | 1-083 | 1-080 | 1-077 | 1-074
1092 | 1-089 | 1-086 | 1-083 | 1-080 | 1-077 | 1-074 | 1-071 | 1-068 | 1-065
1082 | 1079 | 1076 | 1-073 | 1-070 | 1-067 | 1-064 | 1-061 | 1058 | 1-055

1
1
1-072 | 1-070 | 1-067 | 1-064 | 1-061 | 1
1
1
1

! 058 | 1-065 | 1:062 | 1-049 ! 1-046
1-062 | 1-060 | 1-057 | 1054 | 1052 | 1-049 | 1-046 | 1-043 | 1-040 | 1-088
1-:053 | 1-051 | 1-048 | 1045 | 1043 | : 040 | 14037 | 1-034 | 1-032 | 1-029
I

1044 | 1-041 | 1-038 | 1°036 | 1-032 | 1-030 | 1-028 | 1-025 | 1-023 | 1-020
1034 | 14032 | 1-029 | 1'027 | 1'024 | 1-021 | 1-019 | 1-016 | 1-014 | 1-011

1024 | 1-022 | 1-019 | 1-017 | 1:015 | 1-012 | 1-010 | 1-007 | 1-005 | 1-008
1:014 | 1012 | 1-009 | 1-007 | 1005 | 1002 | 1-000 | 0-997 | 0-995 | 0-093
1-004 | 1-002 | 0-999 | 0-997 | 0995 | 0-992 | 0-990 | 0-987 | 0085 | 0:983

0994 | 0992 |' 0-989 | 0-887 | 0-985 | 0-982 | 00980 | 0-977 l 0975 | 0973
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G.—ANALYSIS OF COMMERCIAL SODA-ASH.

When merely the available alkali (alkalimetrical degree) has to be aseer-
tained, it is convenient to weigh out 155 grms., todissolve in a 500 c.c. flask,
and to take for each test 50 c.c. (in Germany, without filtering ; in England,
sometimes with, sometimes without). In this case each cubic centimetre of
standard acid indicates 0-031 grm. Na,O, or just 2 per cent. of available
alkali (Na;0). The standard acid is normal hydrochloric acid, containing
865 grms. HCI per litre, and standardized both with pure sodium carbonate
and with silver nitrate. (Refer to Appendix.) The indicator is either
litmus (in which case the liquor has to be boiled for some time) or more
conveniently methyl-orange (which is used with cold liquors).

For a complete analysis of commereial soda-ash 50 grms. are dissolved in
Warm water.

1. The Insoluble Residue is filtered and washed, the filtrate and washings
are diluted up to 1 litre, and the following tests are made with this liquor.

2. Sodium Carbonate is found by titrating 20 c.c. (equal to 1 grm, of soda-
ashj with normal HC], deducting the amount of No.83. That of No. 4 is
always too small to take notice of in this case,

8. Sodium Hydrate is estimated by barium chloride, according to page 129,

4. Sodium Sulphide.—100 c.c. (equal to 5 grms. of ash) are titrated with
ammoniacal silver nitrate (refer to Appendix), containing 13-345 grms. Ag
per litre, and indicating 0005 grm. Na,S per cubic centimetre, Heat the
soda liquor to boiling, add ammonia, and run in the silver solution from
a burette, divided in 4; c.c., till no further black precipitate of Ag,S is pro-
duced. In order to observe this more accurately the liquid is filtered
towards the end of the operation, and the titration is continued if NECessary.
This filtration is several times repeated. Each cubic centimetre of silver
solution indicates 0'1 per cent. of Na,S in the alkali.

5. Sodium Sulphite—Acidulate 100 c.c (equal to 5 grms. soda-ash) with
acetic acid, add starch solut'on, and titrate with iodine till a blue colonr
appears. A decinormal jodine solution shows 0:0063 grm. Na,SO, per cubic
centimetre (in this case 0-126 per cent.). The solution mentioned on page
130 of 3-256 grms. iodine per litre shows 0-001615 grm. Na,SOQ, (in this case
0-0323 per cent.). From this should be deducted the amount corresponding
to test No, 45 1 c.c. of the silver solution can be put equal to 1-3e.c. of the
decinormal or equal to 50 c.c of the weaker iodine solution.

6. Sodium Sulphate.—Acidulate 20 c.c. of the liquor (equal to 1 grm. soda-
ash) with hydrochloric acid, precipitate with barium chloride, as on page 94,
and weigh the BaSO,, of which 1:000 part is equal to 0-6094 part Na,SO,.

7. Sodium Chloride—Neutralize 20 c.c. (equal to 1 grm, soda-ash) exactly
with nitric acid, preferably by adding exactly as many cubic centimetres
normal nitric acid from a burette as had been used in test No. 1; then add
neutral potassium chromate, and titrate with decinormal silver nitrate as
described on page 117. Each cubic eentimetre of this shows 0-00535 grm. NaCl.

8. Iron.—Neutralize 100 c.c.(equal to 5 grms. soda-ash) with sulphurie acid
free from iron, reduce by zinc free from iron (p. 114), and titrate with
1-20th normal potassium permanganate, of which each cubic centimetre
shows (-0028 grm. Fe, or in this case 0056 per cent. Fe.

O.—Table for Comparing French, German, and English Commercial Alkali-
metrical Degrees.—The French or Descroizilles degrees mean the quantity of
+ real sulphuric acid, SO,H,, neutralized by 100 parts of soda-ash. The
German degrees express the available alkali in terms of sodium carbonate,
NayCOg. In England some works invoice in real per cent. of soda, Na,0, as
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tables. The Newecastle test is

found in the first column of the followin
degrees for pure Na,CO; and

based on the equivalent 32 for Na,0O, or 59
invoices fractions of degrees.

FRENCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI-
METRICAL DEGREES,

Real German [ Py Real German Were
Soda degrees ARaKls im;:& Soda degrees Py E;riﬂef;
Na,0 | Na,co, | desrees. | “ETE | o0 | Na,co, | Gesrees. | COETEH
05 0-85 0-51 0-79 18 3078 15823 2845
1 =71 1-01 1-568 185 81-63 15874 29-24
15 256 1-52 2-37 19 8249 1925 30-03
2 342 203 3:16 195 9534 19-76 80-82
2 4-27 2:54 395 20 3420 20-26 31-61
3 513 304 474 20-5 8505 2077 82:40
85 H-98 3-55 53 21 3591 2127 e
4 654 4-05 6-82 215 3676 2178 3398
4-3 769 4-56 e 1 | 22 8762 22-29 84-77
3] 855 506 7-90 22:5 9547 22:80 85-56
55 940 5a7 869 23 39-33 23-30 86:35
6 10-26 6:03 945 285 40-18 2351 87-14
65 11-11 6-59 10-27 24 41-04 24-31 3793
7 11:97 7-09 11-06 24-5 41-89 24-82 38:72
&5 12-82 7-60 11-85 25 42:75 25-82 3961
8 13-68 810 12-64 256 43-60 2553 40-30
85 14-53 861 1343 26 44-46G 26-34 41-09
9 1539 9-12 14-22 260 4581 26°55 41-88
95 16-24 9-63 1501 27 4617 27-35 42-67
10 17-10 10-13 1561 275, 47-02 2786 4346
10-5 1795 10-64 16-60 28 47-88 2836 44-25
11 15-51 11-14 17-39 285 48-73 28-37 4501
11-5 19-66 11-65 15-18 29 49-59 2938 4553
12 2052 12:17 1897 206 50-44 2989 4662
12-5 21-87 12-68 1976 30 51-29 30-39 47-42
13 2223 1317 20055 305 52-14 30-90 48-21
155 23-08 13:63 21-34 31 0300 3141 49-00
14 23-94 14-18 22-13 81-6 5385 31-91 4979
14:5 2179 14-69 2202 82 54:71 8242 p(-85
15 2565 1519 2371 32:5 5056 82-92 51-37
155 26-50 1570 24-50 83 5642 8343 52-16
16 27-36 16-21 2529 335 6727 8394 52:06
165 25-21 16-73 26-03 L E 55-13 S1-44 5374
17 29-07 1y-22 20-87 345 5508 8445 54-53
17-5 29-92 17-73 2766 39 8984 5946 5532
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FRENCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI-

METRICAL DEGREES.—Continued.

Real German Heires Real German New-
Boda degrees Antle -:im:ig:: Boda degrees Santli dg’iﬂﬁlf'
Na,0 | Na,co, | degrees. | ©°& Na,0 | Na,co, | degrees. | ©°K
855 60-69 85-96 56-11 53 9061 5370 8377
36 6155 86-47 5690 535 91-47 54-20 84 56
36:5 62-40 36-98 5769 54 92-32 54-71 8535
37 6326 3748 5848 54'5 93-18 5522 86-14
375 64-11 3798 9927 5D 94-03 5572 56-93
38 64-97 38:50 60-06 5] 94'39 56-23 8772
385 65-582 39-00 60-85 o6 9574 5674 88-52
39 66-65 8951 61-64 565 96-60 5724 89-31
89'5 67:53 40-02 62-43 a7 9745 o7-7H 90-10
40 6539 40-52 6322 575 98:31 5826 90-89
405 6924 41-03 64-01 58 99-16 5876 91-63
41 70-10 4154 64-81 5583 100-02 bo-27 02-47
41-5 V095 4204 65-60 a9 100-87 328 i 03-26
42 71-81 42-55 66-39 095 101-73 60-28 94-05
425 72-66 43-06 6718 60 102:58 60-79 94-84
43 7802 43-57 6797 605 103-44 61-30 95-63
435 74:37 44-07 6876 61 104-30 61-80 96-42
44 7923 44-58 69-55 61'5 10515 62-31 97-21
445 T6-08 4508 70-34 62 106-:01 62:82 9800
45 7694 4569 7113 62:5 106-86 63-32 U879
455 7780 46-10 71-92 63 107-72 63-83 09-58
46 75866 46-60 7271 635 108-57 64:33 100-37
465 7951 4711 7350 G4 10943 64-584 101-16
47 80-87 47-62 74-29 64-5 110-25 65-35 101-95
475 81:22 45-12 708 65 - 111-14 6585 10274
48 852-07 4863 7587 655 111-99 66-36 103-53
455 82:03 49-14 76-66 66 112-85 66-87 104-32
49 8378 49-64 7745 66-5 11370 67-37 105:11
495 5464 o015 7824 67 114:56 6788 10590
o0 8548 50-66 79-03 675 11541 65-39 106-69
505 86-34 51-16 79-82 68 11627 6589 10748
51 87-19 51-67 8061 655 117:12 69-40 10827
51+5 8505 5218 51-40 69 117-98 69-91 10906
b2 85-90 52:68 82-19 695 118-83 7041 109-85
B2'5 8976 5319 82-98 70 119-69 7092 110-64
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FRENCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI
METRICAL DEGREES.—Continued.

ii Henl German

E::?; gggn::zn;; New. French Soda | degrees N il French

d“"““'“ degrees, /s € | degrees.
Na,0 | Na,CO, o e Na,0 | Na,CO, oy s
705 120-53 7143 111-43 oD 129-08 76-49 11984
71 121-39 T1-93 112-23 76 129-94 7700 12013
712 122-24 T2:44 118-02 76D 130-79 770l 12092
72 123-10 72:95 113-81 biar 131:G5 7801 121-71
725 123-95 7345 114-G0 77D 132:50 7852 12250
73 124-81 73:96 11539
73D 12566 T4-47 116-18
74 126-52 7497 116-97
T4'd 127-87 7548 117-76
s ) 128-28 7999 115556

H —CAUSTIC SODA.
1.—CAUSTIC LIQUOR.

(a) Test for available alkali and sodium carbonate (as described p. 138).
An exact estimation of CO,, which is rarely necessary in this case, could be
made by expelling it with dilute sulphurie acid, and absorbing it in soda
lime (p. 95).

(3) SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM HYPRATE
(60° F.—15° C.). .

Lhs. per cubic foot. Lbs. per cubic foot.

E; Grms. ".;f Grms,
Hi - pes 3 e
1Lra. o 1LTE. o

& Na,0. | Na,o0. ﬁﬁr caﬂ%;c. & Na,0. | wa.0. :ﬁiz caﬂfiu.
1 37 23 49 39 11 41-6 259 | b41 | 4:52
2 i) 47 98 ‘78 12 455 2:83 591 473
3 11-3 70 | 147 | 1-17 13 494 508 | 641 | 518
4 15-1 04 1-96 1:56 14 532 882 692 | 558
3] 18-8 1-17.| 245 | 196 15 571 856 | 742 | BN
6 226 141 | 294 ( 235 16 610 880 | 793 | 634
T 264 1-64 343 2-74 17 64:9 4-04 843 | 671
] 302 1-58 892 313 18 658 4-29 883 | T1b
9 339 211 | 441 | 853 19 72 453 | 944 | 755

10 877 2856 | 490 | 892 20 T6'5 4&77 | 994 | 795
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(b) SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM HYDRATE
(60° F.—15° C.).— Continued.

- Grma. Lbs. per cubic foot. % Grms, Lbs. per cubie foot.

= per = per

‘E": litra. 487 8o e litre. 483 603
= Na,O0. | Na, 0. | ash. | caus