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Refining of Crude Copper by Addition of Chlorides. By Akira Yazawa, Yutaka
KuBoTa and Hayao UjIEe

Removal of various impurities from the liquid crude copper using chloride has been studied
thermodynamically and experimentally. Taking account of the free energy of formation of chlorides
and the activity coefficients of various impurities, it was estimated that lead, zinc, iron and bismuth may
by volatilized by chlorination reaction without any serious loss of copper metal.

In the preliminary melting experiment, sodium chloride did not show any effective reaction with
impurities, but substantial removal of lead, oxygen and sulfur has been observed by addition of
calcium, magnesium and ammonium chlorides. Calcium chloride is especially interesting because
arsenic and antimony have also been eliminated probably in the forms of calcium arsenate and
antimonate. Silver, gold, nickel and selenium were not removed by chlorination reaction. The
crude copper containing higher sulfur and lower oxygen was unconvenient for removal of impurities.
The removal reaction was rapid enough and its temperature dependence could not be observed. When
lead and oxygen are only elements to be removed, ammonium chloride seems to be attractive, because
it becomes effective gaseous reagent by preheating.

A typical example of refining of the crude copper by addition of calcium chloride is as following
table:

}ilement (%) Cu l S ‘ O ’ Pb I As Sb

Original crude copper | 97.03 | 0.014 | 1.17 0.429 | 0.029 | 0.067
Refined copper 99.3 0.003 | 0.30 0.05 0.005 | 0.005

(Received Sept. 30, 1971)

1. # =]

MO RIIIE LR ITTIC X AR B L BREREYHELE TR SO0 —RTH A, 0l
BECERABRBETILE, 7vFe v OBKRL M ORENFR+45 CTHEXZOE B2 T
ZEbdHh, TRREINIRMHOBCH YL, B, FHEETLHLOT, 46FTL
LENBORENE D LIZT 2780,

ZEOZPRTHLESGHEBOHROR CHEREOHRBICELEZ L BIIELED TV B0, £
D—EE L THRILERIC X DHMFORM ORE L RAL, BO¥FEMIRF 2T -k, NEBE
REEBRZ T, HOABEORRAYBLO T ZIc#HET5.

2. BRH¥HER

—RICEA/EROKR E LTI, MEBHFPICSBRECTHFET D 2o ITcH L T5 L X,
KA TEOTZENTES,
MA4Cly=MCly(g) - vvvvrvevrreeieaans (1)
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210 JROW, MO, REEE woTE H1,2E
MCl, D& L TIRE L Sh0EZ DN BED, AEHHIEHEOEBEIT 1,100°C LEoERIC /o
HDT, BEOLLGEDEENZ LD EBbA. Kellogg?, XU Glassner? ©F — x %
W, 1,200°C T AG° {HEEHL, SHLKEPEHER K 28T, F1BCETHEEL S L.

B1R WEREEESORMMOBREICET 2 BIr¥n 7 — 5 (1,200°C)

TR | aEE ) K ¥u | P(MxCly)
Ag 0.1 1.84x10% | 3.1 2.4x1078(AgCl)
Pb 0.2 1.62x107 | 5.7 5.7%x1072(PbCl,)
Ni 0.2 1.88x10° | 2.8 1.1x1073(NiCl,)
Sb 0.04 4.16x10% | 0.013 | 7.2x1077(SbCly)
As 0.04 4.55x10% 0.0005 | 2.1x107%(AsCl,)
Fe 0.01 1.99x10° |15 3.4x107%(FeCl,)
Zn 0.007 3.58 %10 | 0.11 2.8x107(ZnCly)
Cu 99 9.46x10° |1 9.5 1073(Cu,Cly)
P ERU,
K="Puyc1y/ (an- Pcis) =Pucis/ (ym-Nu-Perg) -+ (2)

LB PIXSE, aw, Ym, Nu B RMBWEGEOWEE, WEAK, =A50KELR$T. ZZTH
AROMFH THBECAODNAIBEOHAER L L THE 1RO LS5 DXREL, ZhhbELy
R Nu RD, FREERKE L TIEES OWREO/BEY LEHA LK.
Py 13BEALRIOMEC L D RBIc BT, AG° 2 K DENGH#L T DX e h /& 7w
LD DONERBRLTLES Z LIT/ed. B T5 X 5L oy ahVEIRERMCEL
TIXE b EM e EH EE X DN BDT, CaCly, #FEHATABAXEEL T Poy ¥HEEL TAH L
5. CaCly 2v5 Cly T AHELKRDOL SICE LS.

CaCl, (1) + 1/20,=Ca0 ) +Cly-+-vvv v, (3)

A4G°473=28,0009, K=7.10-5

3L CaCly,, CaO R¥EE1LTHL

Piry=7-10"3Pg,1/2. ..o (4)
LZAHT CaCly #{EL T Cly X TRDDOMRIIBRTICD » TIBBMR LD, L LEBER
TREMINICWEE 2D L,

2 Cu,0 (1) =4Cu O +0 g treraseaeeaiiee (5)

AG°1473=31,140%, K=2.4.10-5=P,,

D Poy & (4) XIRKATH L

Pppp=38-10"7 -+ (6)
E78%. Fix CaO 138 A CaCly WIFA% 5 HDT CaO OFEEITLTL S 1T, %
CuO DEED 1L L YIINI . Leh-THELRI P, DERXHEHVER LT/, B
L X DRYESDTERDY Hnb, ZIZ T Pop DEELT 1:107%tm # & 5T (2) Kt ART
BEAHOESRE Pucle HEHLE 1RCE LD TRLI.
B EDHBERRND, SRICExsb2 LT,
1) Pb, Fe, Zn 7o L DGBILERHIBEFICEETHIE CaCl, BEOEH T ERKRETEE)

1) H.H. Kellogg: J. Metals, 2 (1950), 862,

2) A. Glassner: U,S. Atomic Energy Commission, ANL-5750, (1953).

3) &I M, FUEELArvu: EETH, 23 (1967), 67: Can. Metall. Quart., 8 (1969), 257.
4) A, Yazawa & M. Kameda: Can, Met. Quart., 6 (1967), 263.

5) J.P. Coughlin: U.S, Bureau of Mines, Bull. No. 542 (1954).
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TH5bH.

2) SALEROBREFHHET AR TS 50T, HIEHOBRE L, BUCELFILRT S Z L8

F L.

3) Ag, Ni, As, Sb 7c X IZLERIC L AREIITCHVEL LSO ELLNS.

4) As, Sb e EALIERTHRELE A LIchH L, v#EY ~%, 7vFEVvEY —&, eI
VUL, TYFEVEEALY Y AL EDOBRIC X HREBEI IR SDOT, BIERELXTRS
i CaO, NaO 7o ZERLT As, Sh it dBRELTIRAD L 5 itafbRaEE L.

3 EBR F &

KBTI ARG (Bk) BIALELEMOBFEE A\ eht, ToFMBELE 2 KR T,

H2d HEFERRINE%) (Ag oA g/t)

Cu S ) o) ] Pb | Ag 1 As ‘ Sh \ Bi | Ni ] Se
No. 1 97.39 Q. 387 0.18 l 0. 855 1025 0.025 0. 083 0.014 0. 410 0.017
No. 2 97.03 0.014 1.17 0. 429 1051 0. 029 0. 067 0.013 Q. 320 0. 027
No. 3| 97.76 | 0.009| 1.04| 0.214| 109 | 0.022 | 0.047 | 0.012| 0.253| 0.026
1
No. 4 98,23 0.008 1.01 0.179 1112 0.012 0. 034 ? 0.012 0.192 0. 020
No. 5 97, 34 0,111 0.44 1. 380 1506 0. 099 0.119 0. 004 0. 500 0.018
No. 6 97. 48 0. 027 0.76 0. 915 1506 0. 087 0. 089 0. 003 0. 312 0.019

FAEtD No. 1, 2, 3, 4 1Z—H DL DT DIEFIC
AL EA TV 5. No. 5, 6 1ZRIDv Y — X b8
bDTHD., ZhbDBREHIY =~ —THIH B &
LICREISBEL, Thdb M0gxboF LD, *
DL bF 2 2 R AE L 7o, B o 1T 12 IER21
mm, %I 120mm DX v=vET, Zh#* HNE28
mm, &I 500mm DORFBHAEMIIGEC AR,
Va=y P IFTMEALA. £ 1RCEBO BRA T
ER

RIGERCEY ) a— v e mURESC L b
FiArRIC 100cc/min DEHE I AR BAL, HPEAYT
Lot BN EFEDL THRER D TOL AT
D 1R, FIEOREEN T ABAEAE| X L5
Db, FRREIQEL .

BALR & LT { DA CaCly H W 7o 7%, #
DixH NHLCl, NaCl, MgCl, 7c & $RHALE. =
oD 5% CaCly, NaCl, MgCly 7 &I 340 4 il
RELU TR LERML TWBZ Lt 5 2%, NH,CI
D4 338°C THE LT NH; & HClic7c 5. NHs
& HCl THIE LRI 7 vE=7BTYHIL, %)
RILHEET veviERT 500 ERITTHE X
T, NH; & HCl X AREES A CFESCESR
FICEATDEREIT/e 570, 581 KEMcEfe7 v
TV DORIET A BB EAT A RRT. Z0F

-0 mop

AN

1N EREE
YYo=y VR B, GESEGS
TNIFAYE D, 3%
LAl F.F'. g8%5 A BAg
7 AHN H ozxg
B R. b7 ver
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O EREILT vevERETOLE VDD, CosE FoH O 180°~300°C D &L Z A
CAET A X SEETRIE, NHCl omEIh2RECH CEIZNAELT vEVDENES.
HEINELET vEVORRERIIZEOFEC I VEH L.

EERR T HBE DI B L EFTT B\ TaMn T o e, MERDA OB EEFIP, Bt
K ODKI LT 5 OB E Ly, =, Z0fERGGERIIITobhlitnsTe.

4 £ B & 2

RPN ATIECR O, FRROME, HROMILE DR B & 2ERL, R EROL
DD LGB HELT BT, DT D SRENC 7 B T ER LT 5 7o, Z O FHEBRIZEEL 100
°C, BRERHEI304 LB, GMFIORIIR L % 5g L LTWwWA., FTOKRYEIRCE LHTRL
7o, REOBEOBFBTHIIZ I E LT WET, L XCOMBERIFRG LEZLRLELDb—,

H3E RLA, HMOMLE, FEIL BT 5% (1,100°C, 30min)

ZRRY ] mmme [ Cuoe) [ S 9 | 006 |Pbo6) | o |As6) | Sb) | B | (5 [Se(96)
No. 1 97.39 | .387| 18| .855 1025| .025| .083|.014|.410].017
1|No. 1 Na| 98.40| .179| .02| .760| 956 | .026| .074|.013 |.446 021
NaCl 10g | » | 98.07| .228| .02| .824|1022| .028| .076 .0l4|.451 |.024
18 CaCl, 5¢ » | 98.27| .334| 15| .423|1040| .024| .066|.013 |.415].029
37 MgCl, 5g | » | 98.15| .249| .23| .219 1026| .031| .083|.013|.427|.046
17 NH,Cl5¢ | » | 97.61| .246| 11| .087|1009| .027! .073|.007 |.410|.027
i oS08 | 4 | s | 219 <o1| 552 018 .017 | 019
72 CaO 2.5g |SO,| 98.40| .187| .03, .745 .023| .014 |.016
5 s | 97.62| .242| 11| .63 028 | .097|.013.39%2 | .018
6 NaCl 5g » | 9.86| 1.106| .20| .650|1013| .030| .081|.014 |.422|.016
7 CaCl, 5¢ » | 97.73| .87 17| .078|1063| .ou1 | .077 |.013|.418 | .008
No. 2 97.03| .o14| 1.17| .429|1051| .029! .067|.013].320.027
19 |No. 2 CaCly 5 |N;| 99.08| .008| .39| .068 | 1088 | <.001 | .002 | .006 | .227 | .029
29|« " ZL| 96.06 28| .222| 99| .003| .032|.01L |.338.033
69| » | MgCl5g |Ny| 99.20| .009| <.o1 087 026 | .02 |.012
86 " NaCl 5g ” 97.67 .018 .98 . 302 .066 | .014
CaCl, 5.0g
0| 0| GG .| 07| L003| .20 080 <.005| .021.012
85 ” CaClg 2. 5g
VacrZoel .| 98| LooL| .16 009 002 012
87| » |CaO2.5g |~ | 98.59| .003| .42 .233 .003 | .010 | .013
No. 3 97.76 | .009| 1.04| .214|1090| .022| .047]|.012!.253].026
20 | No.3| CaCly 5¢ | Ny | 98.83| .011| .31| .096 1043 | <.00L | .004 |.008 |.204 | .032
38| » | MgCl, 5¢ 99.56 | .005| .0l | <.0l0 | 1114 | .036| .048|.010 |.245 |.044
1| » |CaCly5g |SO, 98.24| .528| .15 <.020 01l | .045 | .013|.270 | .013
No. 4 98.23| .008| 1.00| 1.179|1112 | .o12| .034]|.012|.120|.020
21 | No.4| CaCl, 5¢ | Ny| 98.95 42| .049 | 1101 | <.001 | <.001 | .006 | .171 | .027
22| # p SO, 98.04| .612| .48| .030!1113| .007| .028.011 |.185|.017
No.5 97.34 | .111| .44 1.380[1506| .099| .119].004 | .500|.018
81 [No.5| CaCl, 5¢ | Ny| 98.01| .087| .09| .504|1494| .098 | .116|.003
No.6 97.48 | .o27| 76| .915|1506| .087| .o089|.003|.312].019
83 |No.6| CaCl, 5g | N,| 99.13| .002| .12| .188|1507| .003| .007 | .003
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ZHEOLRBN, TOF FEHEL L.

4.1 ZREEHIF ORHF

a) Hilc 5 BEEME THRMAIILOBE

No. 1 oF¥l% Ny, SOx THEFH 100cc/min AL THPLE LSO BRBE L. HRIZE3IHE
ROERET 1 LH5ICRING. Ny W ABFOBEREHTD S, O » SO, LLTHHM T
B, TORKOBEZODH»VEETTHRIL TS, SO, #HALTHELLBERX LD LS
IR BER I R IT s . Ph 23T LT LW AOIBEMAERC I A0 LR S, BLTS,
O LN DR O BEENIIS N EHRT I,

b) NaCl

WbHFECHVI 2EMAEFELT No. 1, 2 ORI OWTRERMORFEET A b L, HEHE
IHEBRES 2, 6, 861 XN D L 5IC Ny, SOy WTFHDFTTHIZ &AL RHHBRETZZDS NI
W Iz s CaCly iR VDI NaCl 1% 3) KBEoOKIGED AG° »3%) 87 kcal BEE
THEHIC Cly ZHRBLcWcd LtEZLRS.

c) MgCl,

No. 1H#ic*t UFERE 537, No. 212-2%69, No. 31kt L T38C MgCl, YRinDBEDF — &
ZRT. WThb Pb 32 IKFTED, #Hdio CaCly DBALXLOCBETHD. Fic,
O &&E2FEF No. 2, 3 DEEHFHECE N ALETTF-TWAS. Zhit Q) RABoRKED 4G°
MFLAE X BET MgCly+1/20,=MgO+Cl, 1 X hliE#E %A 51\, Cly #HT5 KiGH
HEELDLT D LHRIRS., LhLhd MgCl, B Z0MoTHRECH L Tk Eh L
BrEBRITTED B RIS,

d) NH,CI

NH. Cl 132 DRETIEIALTLE 5D THIHNDY Y — X L LT EBRETR -7, FiHE
BREE Cu3siis ic 5g o NH,Cl #H$H No. 1 Ok LICERin UERISEBRZ 1778 - 7o, iR
BMESLITCRT L 51, NELMEBMAECL 21hb b THEERBADRILADLNS.

e) CaCl,

AL CaCly, #EHRIC L THEHBREZITL - D TE IEHECEL L OB T, WThofs
H Pb i3/ h L <Ko TUW5BHA, No. 1, 5 DX 5BtOTRT457, WwhdHEHECEEITD
BEARIZ TN & L {7, Pb IMELERTHREIND D EFE L HR, Lichis THERFIC O
DYt No. 1, 5 OBFEIHEVHEE /LD, No. 2, 3, 4, 6 DX 5B LA H
S TIEHHEBC I SRESIRTWS, 2L, ERESLL 22702 CAb X 51 SO, HIEDBED
FRIEF TR, 213D As, Sb DBREDIDITITE N BT CaO L DBEEELY LUK
SRTRDZ ENDBEIRICHD EHEINS. TOMOILE L LT Bl HELEBT THETRI L
HI5Bbhdh, GEIVIVCOTHEIRTE\ . Ag, Ni, Se BEANILWERDDNFE
BTHHH. FRABF OPECHACIBEBEINSF/ERICIL DD, SOHOBITNI L I
TlEiouo.

f) CaO

As ®° Sb DOBEEE LTI/, CaO LDEABILYOHRIZHHD LW LbhsTs
DT, CaO #EWHIML Ny THEEL THhic. EREB2LETNLOHRT, HHBRE As, Sb O
T TWAZ Edbohb.

g) CaCl, ¢ CaO H» 5\ 3 MgCl, nEEW

AIETIREE CaO THRMIN TV BHIDHEHEL THLEMOTTTH e S g L v,
CaO ZHHY4E CaCl, T&ETRALY oT, WERCL TKGERREZEEL, BT CaCly, &0
BEMREYRNRO I LLBEKRIHLOITELNS. £Z T 10 9%Ca0 &L CaCl;—CaO Rifga%

6) U. Kuxmann: Erzmetall, 15 (1962), 447.
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T H L OCTHE L CHRIMUERLY T 570, TORRELEBRFSTIETOCR L. RETFHL
T h Pb, As, Shb I R ETIRDLIENTE S, LKL, M No. 1 DX 5 7sBbOE
ATHTEWERES As, Shb RIS BEXBVTIL, HHBEERcABTHIIE CaCly, DHD
YRINTT Pb, As, Sb &{EVKEEE TRETHE L TE 5. HERE 58521t CaCly, & MgCly ©
HEEELRS S BEDOREER L.

4.2 FHSDOE

TES ELTIE Ny & SO, oW TF A L7z, SO, OEWIMIIFE LWL OTIHIRL, FRC
As, Sb ODBMRFRLET I HEAND - 7o, LRSI,

2NaC1+SOz+02_——_—N32804+C12 .................. (7)
DX S IRIET SOy ML HDFEABLET B L SN TWDHY, ZORIEHHET oD IR BRIEN
DEMTHDHZ ENDETHA S, HREMEY LICRTT Ny S aT/oblod - cBa O RN
PR B2 I N T 5. HEBRFE S 190REF & b THIERERY Ve h B2 LI LT,
AL LB E EBEOBEDEERL T 5.

BIBA~DOEHALE 251 h, BEEY%-THIELANb oL BEc b tExbh, Hho X
SICRIGEEI N DN LR DD T, HEBEMEIEATHDS CaCly ¥EAL, KE#
CERABICE D TOMICIRERERER IR D Z ENAREL S 5 b b.

4.3 YEEsHE B ORE

No. 2 D¥#AREHZ X CaCl, 5g %L, 1,100°C T Ny R AITIo e b Kefala £ 2
TERAIT/C 7. BORICHOSHEAS 2B E LD THE L. ERMBpOEILIES 7R
BOBRMIC L > TRIKEIHIEZEL TWHZ EnFbh b,

40.6

\

\

\

|

\ -

|

\
_ 0.4
<
=
@ P o
= &
7
<

5 omkony i (mind)

o BREEfHORE
248} No. 2 70g., CaCl, 5¢.
B 1,100°C, Ny 100cc/min,
0: O, A: Sb, @: Pb, O: As, x: Bi

KTHDL L 5ICTTIcHEEe, T7bbREVEM LK S L XITRTTOBRETTET LT
WEBET, BIELRPRTHRENETL TS Z &, RIGEEI D TENZ EXRL T 5.
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feks, ZOMELHTHES Ro#EFO Cu (1£799.39%, S 130.001~0. 0039 B T H - 7.

L < No. 2 ORSRREIZ AV, 5g @ CaCly, #¥inL Np #HE& T 7en'h 30 HH3 o
1,100°C, 1,150°C, 1,200°C i {fH i OB A M~ Tons, N OBREFHR O ZEITADICH
- Tz,

4.4 CaCl, WINEOZE

No. 2 DL FHC > X EREIEIHIZ05), 1,100°C T Ny L7 0 CaCly, O¥mEL % 2T
JEBRA AT 57, 1D A RUER DA BT A 3 ISR T, No. 2 DA 70g e >& CaCly DR
DEEABAL TAD L, 0.3g ROTCicsd. KENCEIREUE b 2 5 i O CIEHTCH A &
b ST bg S O BRIEB K TH B L 50T, Wi b7 WEIIK oL TEE
BT o Ts, BRI THAD X OIC 1g D 5g DRTORIEITH A, 0.5¢ TRORXTE
it D, 0.5g 170D LM L OBEMOBENIMA = L DiEs, CaCly DMEFEIC X HWHAMNFEA &
Wi, 1,100°C Tik CaCly DRI ORGS0 D leh b, AERTIHLULED N,
HANMBTHOT, @FE D CaCly OWMPLEL/IcDHEFZEZOND.

g
o g
= S
A )
5
(o9
+ —
00 0.5 1.0
CaCl, i (g) wikrr =& (@)
W3 CaCly Yehm s @4E WA HLT v EVEMEORBE
Wt No.2 70g, W 1,100°C, Wt No.2 70g, I 1,100°C
N 30min. N, 100cc/min. B 30min. Ny 100cc/min,
: O, A: Sh, @: Pb, O: As, »: Bi [1: O, @: Ph.

DL SRS, BAOMA A S X DICHic - T, SEEHOERMNE, EEY LEROR)
WIW7eBEmE:, Bt )jiEr i X |ELE R DRI ENHESRD.

4.5 NH,Cl 2 X B3R5

B~ X 5 1R Lz & 5 /e NH4Cl fEREAE % RV T &3 Ny 7 A L3tic
No. 2 OYESAHICEEA L. SRS 4CET L9, Pb &L O 2L TIIHRI(RETE
hh, BEREBEROTI TR REREAO T IR D X 51, As, Sb I LA & FRIM
Sto. LaLiemblifb7 vavoBawcil7 ve =7 BT L EbEANERC, ULHxLMEeT
Bz X D GARIGH & LTRIRITE AT, HITOHEHS T v =7 R TLLEO—HFIC DAAT,
Pb i T ARBGH O Lot b iz encEr o icEbhs.
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5 & B8

D EDERERITERADOEAEMC O W TEANWEREE X DD LEELLNDN, Bbhicm
RAENT5 L,

1) HEAPOTRMB D > bARMHEIRIETHREINDEEILHEIL Pb TH5.

2) As, Sb ik CaCly X% CHEMTHhIZESRILD L L CHREIRS.

3) AWETHWIKELAICX 5 TX, Au Ag, Ni, Se trORIzRZRIOLLWEFZLDR
5.
4) Pb wBRrETHEEIT MgCly, NH,Cl 7t & & IEBEIH RIS, As, Sb & § FMICER <
L EIIT CaCly, X bl h ey, NaCl iz L A LERI VR,

5) M, HiC As, Sb FBRET B0, IR XEFREAEE L.

6) hbfEFick ) BERIGH A 5.

7)) RiSZEHHTHEL, RECEBERTHS.

8) HILH LESAOTMA TSI, WILFIOERCHERELRT D Lo, LEOEAF THR
YHTALCEETHA.

DEDX S RIERTHBN, B I B Noo 2 DA CaCly, THEL 78 &M
DOPHMER B A RBIERD L 5THA.

& (%) Cu S o) Pb As Sb
JEORPHLER 97.03 0.014 1.17 0. 429 0.029 0. 067
g sk :E) 99.3 0. 003 0.30 0.05 0. 005 0. 005

FRHRSAFIC Ag, Nifc 2 & AT RIE, FEEHI299. 996 Lo S35 2 & & Ak
THH5. Ffz, BMAELLT CaCly,, MgCly, CaO 7t aHtETAHDOIRMTH S L 5 IE
bhb, FBELDOERTIE, WL, BROEAFLEML T35 M o720, HBLEBRST
ZrR, BBADOHEMAEE 2D L, GRIBHECELAFOELRMO T ENEBRTHHS. £oEY
BRFZIHBTEho1eh, ZOX5BEOMBARIVEICIED S B ELELRS.

RO BT TRMRDOBITIC, BRAERLEHX SN AREERAIHERE, 72 b N H LG O AL &RH
LEdo



