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Copper—continued.

When heated in presence of silica, Fe,Si0, is formed

Cu()+}‘v\ C|1\+Fu)
42 238 202 664=+208

3Cu,0 + FeS= 6Cu + FeO + 80,
3x1’ 238 664 Tl=-124

CuS + 2Cu0 = 3Cu + S0,
102 2 %372 T1=-136
Cu,S + 2Cu0 = 4Cu + 80,
202 2x372 1= -236
Cu,S 4 2Cu,0 =6Cu + 80,
202 2x42 11=—23832
Lu()-;-%(: =Cu, n+bu
2x 37271 42 918=-11%6
Cu0 +80, = CuSO0,
372 91'8 1826= +536
Cu,S +CuS0, = 3Cu+ 280,
202 1“’6 IxTl=-608
Cu,S+2C u80, = 2Cu,0 + 380,
202 ’xl\’b 0542 3xTl= -
Cu,S + 4CuS0, = 6Cu0 + 580,
20-2 4x1‘~’bﬁx 3795xT1=-1724
2Cu0 +C=2Cu+CO,
2% 372 97 = + 226
Cu,0+C=2Cu+CO
49 29=-130
Cu0 4+ CO =Cu+CO,
372 29 97 = 4+ 308
Cu,0 + CO = 2Cu + CO,
497 29 97= 4260

IIIL.

PbS + 30 =Pb0 + 50,

17-8 bl 1= +1042
PbSO, + PbS = 280, + 2Ph

9162 178 2xT71 = -920
PbSO, + 2C =2C0,+ PbS

216'2 9% 97 178=—44
2Pb0 + PbS=3Pb + 50,

2%pbl 1i8 T1=-488

THERMO-CHEMISTRY,

Lead—continued.
PbS + Fe=Pb + FeS
17-8 238=+60
9PhO0 + C = 2Pb + CO,
2% b1 97 = -50
Pb0 +CO =Pb+ CO,
bl 29 97= 4170
PbS + 3PbS0, = 4Pb0 + 450,

178 3x216'2 4x51 4x71=-1804

Iv.
Antimony.

Sb,S, + 3H, = 3H,S + 2Sb

34 3x46 = —202
Sb,S, + 3Fe=2Sb + 3FeS

34 3x238= 4374
Sb,0, + 3C0O =28b + 3CO0,

](JF 3x29 3x97=+38

25b,0, + 3C = 4Sb + 3CO,
9% 166 3x97=+59

Y.

Fe,0,+ 3C0 = 2Fe 4 3CO,
1994 3x29 34+97=44%6
FcE{)3+3(J="B‘ex.3(:()
1994 3%x29=-1124
Fe,0, + 400 = 3Fe + 4C0,
265'8 4x 29 4x97=+62
Fey 0, +4C=3Fe +4C0
2658 4%29= -1498
FeO + CO=Fe + CO,
664 29 9T=+146
FeO+4+C=TFe+CO
664 29= - 374
2Fe0 + CO,=Fe,0, + CO
2x 664 9T l‘J9~} 29= +192:6
2Fe + 3C0, =Fe,0, + 3CO
3x97 1994 3x29= —46
4Fe + 3CO, = 2Fe,0, + 3C
3 x97 ’xlf)‘!l = 4+ 1078
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Tron—continued. 4
CO=FeO+ “
o 29 664 =+ 374

j:fxe 1(5921 y —?: YR
%iu?%%i“—u(: {-f(?f Cfi.‘*.'\ 6= +46:4
oI
r;tﬁf 1 11;1: ﬁ:: l;l:.‘: 9= 4+31:2

: 1 = 3Fe0 +CO
1)&“3“ 1999 294= 373

. —3Fe )\ﬂl)
.g(pob_*_:‘\l 3Fe + rxh”bf*'q”
D"

T =3F 4+ 4MnO
1;::%{)534-4}111 e 4x91-0= +982
265"

» — 15Fe + 4P,0;
5F Ls(‘ld.;hl 156Fe e 3()' -,‘___ _!_11] 8

1;:;)0 ,+4C= ‘3h+t4( ‘)9 S
%P;(cg[:f‘i i +1\:1“)|‘* = 4468
},g(;+ Mn=Fe+ \[gnl(L "
~)};:i(h)(‘j}jp sl :G‘a‘_ = 4332

e + 0 = Feyl

:lebl: 4 ’(J) “’ +66°6
Fe0 + Fe,0,=Fe,0,

()() 4 1[’(3 4 IG 8 =

(=7Zn+CO -
g;?i'*' aq_—jl'

00 +C0 =Zn + 0y 3-
G 2 9= - 184

TBER,\IO-CHEHIBTRY.

- v o
Aluminiym, .

TALO, + 3C = 2A1+ 300
3916 3x29= 3046
Al U"+6\ a=2Al+ 6Na(l

3218 6x973= 42620

. Vv
Silver, 1

8NaCl + 4C uS0, =4Cu(l, + 4\1‘3()
8x 973 lxlh‘b

4 %516 txl’hh—+]“
4Cu(Cl, +4Hg =20 uyCl, + 2 Hu-(l

4 %516 x;l’
2Cu,Cl, +X~"\—(u\+)(u(1 +2Ag

"x:]’ 3 202 2% 516 = =224
Hg(] +(115ﬁ( n(] +2Hg + CuS

652 202 516

10:2 =

2 x 65 J= - 664

’\tr(]+ 2Hg =2Ag + Hp,CI,
2 x 29- 652= + 68
(’lc‘ﬂ-i—]i\d( 1+ 27

10 =2Fe,Cl, + Fe, Uy + 6Na,S0,
Gx_,.i‘\l’ 97-3 ’x]‘)'(J l‘)‘ll g

- 236

6 x 1’Hh

. IX.
Chloridising Roasting.
FeS0, + INa( 1—\15() + Fe(l,
235- (; 2x973

CuSO +..bu( 1=N
l\?b

M\:x 82=-194
Na, S0, 4+ CuCl,

x 973 f’h\ 516= 439
('-Iu(fl2+;\;zﬁh'( =2AgC 1+ CuSO,
16 1673 2x999 182:6= 4991
2Na(Cl + 250, \a.,hU +HU‘.+0‘ 1
_x‘)rl)x‘l]h.i’h‘( 71 = + 216

2FeCl, 4+ 3Cu0=C u(] 4+ CuCl, + Fe,0,
‘?xb”ix.h’ 712" 5146
OFL(]-FHUU*-’( 4
2x82 3x49

1994 — +46-6
2¢ |1([ +1LH

2% 7192 lJ‘H—I-)lh
2Fe,Cl, s+ 6Cn0 = 6CuCl, + 2Fe,0,

’xlf)‘? 6x372 6x516 2 2% 1994 = 4101 2
,11(|1+(uﬁl|1(l

516 712= +196

! Fremy, Encyelopédie Chimigue, Paris, 1890

= +1245-8




AN INTRODUCTIOR TO METALLURGY.

X

Roasting (mainly to Sulphate).

3FeS + 110 =250, + Fe,0, + FeSO,

%}:"’;—\’ 9% 71 l‘l91» ’.30() + 5006
FeS + 30 =Fe0 + 50,

238 664 ul‘+1i%6

FeS+ 3Fe,05= TFe0 + 50,
9238 %xl‘m 4Tx664 T1=+

2Cu0 + 280, +() —-7()u"|{|
"xdn”x:l 2x18 ’b + 1488

Cu,0 + 250 +0=2Cus0,
4" ’ng«‘\ ’xlh’(’é—.-lhh

Cu,0 +280,+30= 2CuS0,
42 2xT1 ’x]h’(:—+lh‘1'2

Cu0 + S0y = Cus0,

372 {ll“ 1‘\'()*—1-11b
FeQ 4+ S0, =FeS0, -
66-4 {qu ’3)(} + 774

4FeSO, +7(!41MI + Fe ,(\() )y + \() '
4><l.£h() 1“)1 6184 ‘Jl*——"ﬂ

Fey(S0,); + 3C0u0 =3CuS0, +Fe,0,
6&?\4 3% 372 3)(]" 1‘)‘)l*+11

0,.3(80,) + Cu=2FeS0, 4+ Cul0,
Ee(Jlbl o ’x”n(} l“\’b_-;—’nl

\zz.,‘-d) +Cu0=2Ag+C uu+Luw
167" £9 3 1\‘h— +105

Fe, (HO }3+I'e—- 31 eS0,
6184 )ﬂt—+\\§

2Fe (S +CuS= 4FeS0, + 2Cus0, +5
"xf'n(l‘\é) 20-2 Lx“’mh lx15_‘64 4+ 506

Fe,(S0,), +Cu0+HO0= 20uS0, + Fe,0450, +H,
6184 49 69 r’xl‘l’(‘» }’.‘Jl*—’al

Fcn(HU) +(u”fCuHH 4+ Fe 0,250,
6184 3872 1826 4788 = 458

3FeS0, 4+ Cu0 + H,0 = CuS0, + FeS0, -{—]‘LEUHO +H,

Sx‘lub 372 69 l‘\'b "JJG 939-1 = + 567

THERMO-CHEMISTRY,

Roasting—continued.
Fe,(S0,), + iE.-\g 1 eSO, + Ag,S0,

6184 x 9356 167-3= +20°1
3Ag, U+Fe(‘~U) = 3Ag,80, + Fe,0,

ixn 61“4 %xIGT% 1994=+61'9
-Ag, 0+ CuS0, = (n”+\0"‘sll

7 182:6 37 167 3-- + 149
Ag,0+80,=Ag,S0,

7 918 167 5-, + 685

Ag, \H J-HL() 2Ag + 6Fe, 0 + S0,

[fu 3 4 x ’bJS le.)(it 1= 4369
Ag,S + 480, = Ag,S0, + 450,

3 4x )lh l(n i 4xTl=+811
;\g:hl ’_;-{-( (1.10:‘\;;31]-}-'_2(11()—*- .‘3()2

1673 42 T 23x372 Tl=-469

XI.
Precipitation (by a cheaper metal).
Ag, 80, + Cu=CuSO, + 2Ag
1673 1826 = 4153
CuS0, + Fe=FeS0, + Cu
1826 2356 = +530

See also III. and IV, for cases of precipitation in the dry way
of lead and antimony, from their sulphides, by iron.

The table given on the folding plate will enable the student
to form other thermal equations for himself.

In calenlating the heats of formation of the basic ferric
sulphates, it has been necessary to assume that the heat evolved
is proportional to the ratio of acid to base. It must be
remembered that in the case of the combination of carbon and
oxygen such a relationship does not exist.
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TABLE SHOWING HEATS OF FORMATION OF THE PRINCIPAL METALLIC COMPOUNDS.

SELENIDES AND !

Ox1DES. SULPHIDE. SULPHATES. , FLuoRIDES BN BroMIDES (FROM Iop1nes (FrROM - z ;
o : TELLURIDES. | ol UHLOBIDES, Liguip Bm‘;()nsb:), SOLID [O;INE). UYANIDES,” CARBONATES.
5 T e S [ TR - P P N et T o S = ST (e e .
Solid, Jissolved Solid. Solid, issolved.| Soli iaq ) Soli {Dissolved. | AP B i 3 Oins 5 | - |
i | Solid Dissolved.| Solid Solid Dissolve 1.; Solid.  |Dissolyed.| Solid. !DL.‘,OI‘.(LLE Solid. Dissolved, Solid, {Dmsolved. Solid. Dlssolved.‘ Solid. | Dissolved, Solid, |Dissolved.
JERSHIRE - Bouil ) E—— N —_—] e - ‘ L= e -
iy 4 . | il Tt = o A =
AvoMINIUM . | Al,O.8H,0 5 ALS. Fe |
ALUMINIUM -’_‘39{1,‘}0. St . ' Al Al,Br, AL, |
: = 3218 2394 4100 1402 | 819°6 i
AMMONIUS (NH,),80 \ NH,F i o g ! \
AMMONIUM { iﬁ,; 1 S | *‘-}_],*-l _y 1\}314&,1 b NH,Br NHJI | NH,CN t
2822 2 | | 877 856 767 727 719 669 506 47°1 405 | 861
A | |
ANTIMONY ‘3} :;Lh bg] 3 ‘ ?-;-’%F,; S‘}‘l‘lq SbBr Sbl, 1
. = 2 76°9 299 | i
! | 8bel, ;
| . | (liquid) | ‘ ‘
: [ 1049 i |
‘ | | [ |
ARSENIC As,0, ‘ | AsCl 3 |
SqUg o 8Lty AsBr, | As] |
154°7 14771 | Tope sl
A%,0; ' . b e @y | 127 |
2194 9954 ‘ ’
| ‘ | i
Bartuy =l Ba0 | Ba8 BaS0O, [ BaBe 5L. | BaF BaQl, ' Bal:
1242 1587 083 3381 | 699 224 221°5 19477 lir's i’ ‘
Brsmute Bi,0; 5 ‘ BiCl, ‘
187+% ! | 90°8 ‘
Bi(OH), ; BiOCI :
171°7 | | 882 ‘ | ‘
‘ \ |
v = £ I i o [ 1 Y3y |
| CapMIUM Cdél(;)i[).g (,éii\ . [5[,17??7* ‘ L)l.}{‘_' | | ({;g.l.}).z CdBr, Cdl, Cd(CN), | cdco, |
| =zl 5&"1“9 ‘ | L 752 756 4878 478 40 849 |
20 i . ‘ |
I I |
Carorum Ca0 Ca8 Ca80, CaSe ‘ OaF, CaCl, CaBr, | Cal E B T
; o S ; i s | 2 e R 2 81y Ca{CN)(Aq)| CaCO; |
| 1 150°1 2 3184 702 | 2198 | 1698 2 | 1436 | 1es 1078 | 1354 ‘ 115'4 172+4
| CoBaLr , ‘ Co(OH), CoS(Aq) | | CoS0,(Aq) CoSe ‘ A ' CoCl,
Pty = 197 | 230°5 139 .‘ 76°4 '8 ‘ |
‘ I CoTe ‘
| S T | | |
| ‘ | : | | | |
COPPER . P (S =2 S (S Cun,S [ CuS0, |  CusSe ’ l Cu,Cl, | CuBr, Cu.lL. I
| * 202 1826 | 1984 | 06 | 7ig S 325 !
I | Cu0 Cus i Cu,Te ! [ CuCl CuBr, |
| 812 102 | 142 | | 516 348 43 = '
| Gorn Au0,Aq ‘ AuCly AuBr, ; l
| 1872 ‘ 29§ 27" 121 o | |
. ! AuCl |  AuBr | -Aul ‘
‘ | ‘ | 58 [ | =5%
‘ N r i q Pal) ./ 5 1 Y ‘ ol
IRON I;jeﬁ(?f %elg [ Ieﬁgjrf:‘;}q) ! fr—;sfe i Fz%lg FeBry(Aq) » Faig(:kq) ‘
[z | 2 2300 ‘ L576 1-.Z.‘ b 54
F»(ﬁ%}éhl : Fvg(g?ﬁi(:\q) \ 119:1; | 4 1;Jql Felj;l:;;'(:lq) | i
Fe(OH), + b | 192 | 968 | | |
1982 | | . |
FE'QU:H. ‘ | |
199+4 | l |
Fe0, l | ‘
| 2653 i | : ‘
[
3 S 1 PhS bS il - 7 S | 3
LEAD Pr__&o { bS PSO, PbSe | |, | PbE, PhCl, | PbBr, Pbl, PhCO,
5 ‘ 9162 HER | 924 852 | 69 59 420 694
® [ [
114 [
| MAoNEsIUM . MgO ' Mg§ MegSO | MeF 1
g/ M, MgS0, 1. MgF, MgCl, MgC
1439 1488 79°6 3023 399+6 ; | 2128 151 ! }11?:)%
MANGANESE .| MnO Mn8 MnS | 3 & ! [
91 4572 Sio" w0 |, e Mati, ‘L ; MnCO,
M0, g - | 112 : : 1139
. 116°2 | : ;
| P |
MERCURY Hg,0 HgS HgSC 3 ‘
| =4 £ g30 8¢ .
24°8 82 1651 Hor‘; . He,Br, Hedl, e | |
| Heo [ He.S0. 50-9 31°1 [
) it HgBr, Hegl, Hg(CN), |
| il 419 2576 g | 73
NICKEL. f Ni0 Ni§ NiSO,(Aq) NiSe 8 NiCL | : f
| 61 194 | 229+ 14°8 746 ' |
F . NiTe ; |
| | 15 | ‘
PALLADIOX . | Pd(OH), Y ‘
o8, PACI, PdBr, Pdl, Pd(CN), | '
404 24° 134 286 | '
ATINOM .| Pt , ' '
PL Lo PiCl, i
| 8 w A ‘ ‘
I ‘ng,.b | : | I ‘
1 i ‘ . PEH.Cly(Aq) PtH,Bry(Aq) \
| | I | 163-2 113-8 | |
| Porasstod .| K0 K8 K,80 K c : | '
' | 972 | 164 3146 R 5 Lo KCl KB: Kl | KON a. |
‘ ‘ 164°6 1012 3446 | 3382 906 092 11111 | 1081 105 964 I 01 80 749 | 6?'6 ‘ 647 }]_\%és ‘
SILVER . Ag,0 Ag.S AgS0) ' l ‘ |
i £ a2 2l Agﬂse | AgF | gCl oBr | | o o
| Sopruat. .| Na0 Na,$ N80 v ' aF | TaC 1 | :
- 1002 | 1852 | 884 | 3obs 320 | 11”{%3" | 15 B it | NaBr | Nal | | NaoN | Na,00,
. ' e f | 898 11078 1106 973 867 864 688 | 701 | 604« | 599 | 1757

TiN SnO | ‘ et | i 9 :
! | 862 \ 1 SnCl, SnBr, ! .
? |  S8n0, . FOtg 63 ‘ '
| [ 1878 w ‘ | SuCly SnBr, \ ‘ i
| ' (liquid) | 9844 118 | \ \

‘ ‘ ‘ ‘ | 1273 1572 ‘ | [ ‘ [

Ziwo il L Zh0 AT s i o 7180, | 7z ‘ ks | ‘ ‘
| 864 i3 20" | uss | d0u s b v, og | ZmB | ol | ZaoNy, | .. | Znoo; |
| ‘ | ‘ iy 3 _ | 979 | 1128 782 932 492 | 606 534 | ‘ oo’ |
‘- : 872 ‘ ' I \ i
Lo T ORI S | R i . ‘ - ‘ : \

——— e - f= reonme (TN T o (e |

~ L e

Fror 1 Cyan ogen. F q 1, 4 ¢ ¥ £ 1 = A B
rom 1tr ydl‘O e, Dd Uyanogen £ ] y i (1 (3 valuﬁ 2 3
‘ . y OgeIl H gen, o4 - (,.l\ culated t m Ar W y 65 for IVU ;
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CHAPTER XII.
TYPICAL METALLURGICAL PROCESSES.

Classification of Processes.—The methods that are adopted in
extracting metals from their ores may conveniently be grouped in
the following manner :—

The thick, black Roman numerals refer to the Thermal Equations,
Chapter XT,

A. Dry Procrssss.

I. a. By Simple Fusion with Suttable Fluzes.

(@) In blast or rever- 1. Gold . ] i PO
beratory furnaces. 2. Bilver : Lo 1S pricess m AR
5 Platianm - plicable to mefals in an
4' Copper * | uncombined form,
5

(8) In tube-furnace. . Bismuth . . By liquation.

B. By Simple Heating.

(@) In kilns or rever- 1, Mercury (L) ¥ From its sulphide, the
beratories. presence of air being
1necessary.

(b) In retorts. 2. Arseple ... . From  sulphides of
arsenic and iron, air ex-
cluded, always with appli-
ances for condensing the
volatilised metal.

II. By Reduction of Oxide by Carbon.

3 Ezg ;efIiI(III]) Usually after previous
Antimony (IV.) . ;?:.:ﬁlig%‘of sulphide or
Nickel - ) -

(a) In blast - furnaces
or, morerarely, in hearths
or erucibles.

. Iron (V.) Usually with simultane-
. Nickel : -y ous carburisation of the
. Manganese. . | liberated metal,
Tin.
Bismuth,

405

(b) Inreverberatory fur-
nace.

eoan-qc:e;-!h-::o;a.—n




