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Copper Distribution between FeS-Na,S Flux and Carbon Saturated
Liquid Iron

Chao WANG, Tetsuya NAGASAKA, Mitsutaka HINO and Shiro BAN-vA

Synopsis :

Copper distribution between FeS-NaSys flux and carbon saturated liquid iron has been studied at
1673 K. Copper distribution ratio, Lc,= (mass%Cu) 1, / [mass%Cu] ;. , was about 9 when FeS only was
used as sulfide flux. The addition of NaSys to FeS increased the copper distribution ratio. The Lc,
showed the maximum value of about Lc,= 24, at around Xn,s,; = 0.4, and became nearly constant at the
range of higher NaSgs content than 0.4 of NaSs. The addition of NaSy 5 also lowered sulfur content in
liquid iron from 1.9 mass% at Xnas,;= 0 to 0.04 mass% at Xnasy;= 0.8. CuS, 5 dissolved in flux decreased
Lc, at high concentration range of NaSs .

In order to discuss the effect of NaSys and CuSgs on the copper distribution, the activity coefficient of
CuSgs in flux was evaluated. It was found that NaSes decreased the activity coefficient of CuSy5 in flux,
so that the Lc, increased in spite of the significant decrease of sulfur potential in the system by the
addition of NaSg 5.
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Table 1. Experimental results of copper distribu-
tion between FeS melt and carbon saturated liquid
iron.

T Iron phase Flux phase

emp

Run No (K) | [mass |[mass |[mass | (mass | {(mass Lea

%Cu) | %SI %C] | %Cu) | %Fe)

Fe-14 1573 0.09 1.93 4.74 0.82 | 71.67 9.11
Fe-17 1573 0.21 2.07 4.68 1.75 | 71.23 8.33
Fe-23a| 1573 0.87 2.35 4.61 6.52 | 64.32 7.49
Fe-23b| 1573 1.01 2.01 4.79 8.68 | 62.40 8.59
Fe-30a | 1573 1.26 2.43 4.68 9.17 | 63.80 7.28
Fe-30b | 1573 0.88 2.54 4.39 6.34 66.89 7.18
Fe-3la} 1573 0.61 2.40 4.50 4.42 | 69.13 7.25
Fe-31b| 1573 0.34 2.45 4.84 2.50 | 72.31 7.46
Fe- 3 1673 0.14 1.80 4.70 1.25 | 70.77 8.93
Fe- 4 1673 0.14 1.80 4.82 1.24 | 70.88 8.86
Fe-22 1673 0.86 1.64 4.85 8.91 62.69 10.36
Fe-22b| 1673 0.65 1.64 4.70 6.79 | 64.35 10.45
Fe-24a | 1673 0.29 2.01 4.8] 2.39 | 70.28 8.24
Fe-24b| 1673 0.50 1.39 4.85 4.47 | 67.47 8.94
Fe-27a | 1673 0.17 1.95 4.69 1.49 70.17 8.76
Fe-27b| 1673 0.05 1.78 4.81 0.45 | 70.89 9.57
Fe-28a | 1673 1.13 1.76 4.78 10.04 | 62.46 8.88
Fe-28b | 1673 0.74 1.89 4.70 6.49 | 65.71 8.77
Fe-29a | 1673 0.64 1.93 4,30 5.50 | 67.18 8.59
Fe-29b | 1673 0.64 2.08 4.39 5.15 | 67.81 8.05
Fe-13 1773 0.08 1.70 4.70 0.77 | 72.40 9.63
Fe-19 1773 0.06 1.80 4.81 0.54 70.37 9.00
Fe-20 1773 0.89 1.87 4.85 8.05 | 64.08 9.04
Fe-25a | 1773 1.00 1.45 4.69 11.08 60.03 11.08
Fe-25b | 1773 0.58 1.46 4.81 6.47 | 64.59 11.16
Fe-26a | 1773 0.43 1.60 4.78 4.32 | 67.15 10.05
Fe-26b| 1773 0.24 1.60 4.70 2.40 | 69.28 10.00
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Table 2. Experimental results of copper distribu-
tion between FeS-NaS, s flux and carbon saturated
liquid iron at 1 673 K.
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Fig. 1. Effect of CuSys on Lc, between FeS flux

and carbon saturated liquid iron.

Metal phase Flux phase
Run No. [mass | [mass | [mass | (mass | (mass | (mass Leu
%Cul | %S] %C] | %Cu) | %Fe) | %Na)
Na- 1 | 0.068 1.69 4.33 0.92 | 66.74 2.20 | 13.53
Na- 2 | 0.082 1.54 4.37 0.88 | 65.04 3.28 | 10.73
Na- 3 | 0.069 0.44 4.74 1.57 | 40.11 19.58 | 22.75
Na- 4 | 0.046 0.63 4.68 1.08 | 43.50 18.58 | 23.48
Na- 5 | 0.047 0.85 4.61 1.12 49.29 15.99 23.83
Na- 6 | 0.082 0.28 4.79 1.82 34.21 25.35 | 22.20
Na- 9 | 0.046 0.62 4.68 1.23 | 52.17 11.16 | 26.74
Na-10 | 0.057 1.49 4.39 0.89 59.92 5.48 15.61
Na-11 | 0.049 1.18 4.50 1.04 56.85 8.22 | 21.23
Na-12 | 0.047 0.15 4.84 1.06 | 28.24 32.12 | 22.55
Na-13 | 0.050 0.04 4.87 1.09 | 21.85 | 38.06 | 21.80
Na-14 | 0.35 0.49 4.70 7.55 | 36.67 18.43 | 21.57
Na-15 | 0.26 0.14 4.82 5.14 | 26.62 | 29.05 19.77
Na-16 | 0.16 0.09 4.85 3.24 24.45 | 32.51 20.25
Na-17 | 0.36 0.49 4.70 7.52 | 36.96 18.95 | 20.89
Na-18 | 0.28 0.18 4.81 5.21 26.55 | 30.01 18.61
Na-19 | 0.17 0.08 4.85 3.15 23.67 36.50 18.53
Na-20 | 0.34 0.50 4.69 7.67 | 38.33 16.83 | 22.56
Na-21 | 0.25 0.18 4.81 5.18 | 30.32 | 24.46 | 20.72
Na-22 | 0.55 0.17 4.78 9.88 | 27.44 | 27.43 17.96
Na-23 | 0.47 0.46 4.70 10.14 | 36.98 15.25 | 21.58
Na-24 | 0.88 1.55 4.30 8.97 | 56.52 2.77 10.15
Na-25 | 0.67 1.34 4.39 9.16 52.84 5.09 13.67
Na-26 | 0.34 0.79 4.60 8.58 | 43.33 10.51 25.54
Na-27 | 0.32 0.87 4.57 7.04 | 44.98 12.73 | 22.00
Na-28 | 0.27 1.10 4.50 5.53 50.58 7.69 20.56
Na-29 | 0.29 1.40 4.40 4.91 57.20 4.24 16.76




FeS-Na,S &7 7 v 7 2 & jRHEABFIE L 0 $0 0 53-8 1 507

v, SIS, RO Jivso H ORFZERES &AL ICERE L, B
VBT T 7T 9 7 ZFD NaSgs MU CuSqs il
OB & BRI T 5k L2,

FeS-NaSos 27 9 v 7 212 X % Bl EBEE L %
Table 2 (2779. Fig. 2(a), (b)ix, SA4ECLLE 7T o
7 2 CuSos B DR % NaSes & FeS D it
R= Xnusy ;/Xpes, 8787 A== LTRLEZHDT
HDH. LBENEFPEICT A0, EBERE Y R=

(a) T T T T T T
OM0= 179~ [2/8~]377~
R 00 1" vis| “2s8 317 atel |

Imai & Sano (1473K) A
Jimbo etal. (1673K)| B o ] [m] 2]
30 | present work (1673K)| @ [ (-] O | & |7

&

& ]
20+ EB\E 8 b
=12 Ogg
() N 377 B

sﬁn\a 218 ]
10le ® 8 /9 s
®e % R=0/10

n
R = XNasg 5/ Xres

0 L I . 1 L 1
0 0. 0.2 0.3

Xcusg s

Lcu

(b) ST~ [GT6~T8/G= g
L R 4i8) 614 812

Imai & Sano (1473K) A A A
Jimboetal. (1673K)) B8 | @ | @
30+ present work(1673K)) @ | ® | @ | @

0 1 1 1
0 0.1 0.2 0.3
XCUSQ_S
(a)R<4/6 (b)R=3/7
Fig. 2. Effect of CuSys on L¢, between FeS-

NaSps flux and carbon saturated liquid iron at

1673 K.

4/6 LT (a) & Z NILE(D) IS TR L 72, Xeys, ,
—EDELIATHKTHE, ROMBAKEL DL,
Thbb 7797 APAD NaSys iRINE AT %
&, Lo, BIADIFEAIWZKE L %Y, R M 3/7 55 4/6
DR TRABEIETS. Tabb, Bifsnrxoic,
FeS ~® NaSys OifsINE Lo, 2L X5, LaL,
CHLLE NaSos iBEEHME T, L, fIC0%
B HEMsEOONG, £/, R—EDEMETI
WY AHE R=0/10 DG4 KBE, 7992 Ao
CuSos BEAMST 13 E Lo, HIETT 2. O
&, RPKRSVIEFIEHEFEIILSL, BT, 49
59 KO Jmeo 510 DFGE G KR L 2. %12 Fig.
TTHIEBLTRT L), EBRREIELLD, 3%
D THEAIE L —FH LT L Ebh b,

Fig. 3%, R%/85 x— % — & L CHABDG S RE
ET7 590 AHD CuSos IREDEBEERLAZDLDTH
5. R=EDELIAHTHETEE, Xy, PRIE &
LIZHEHFPOMERE IR T 5. 2 o)z R 25/h
EWVIEE, T4bDb X BV EHETH L. T2,
Xeusy s “HEDFEMTHE T B &, EEh ORRE K &
R oML & HITHA L, Xeus, . —0 DHify, R=0/10
TH) 1.9mass% # 5 R=28/2 Tix 0.04 mass% ¥ Tk
TH%. ZOXIIE, 79927 25D CuSys, NaSps
WIE DB & & 1T B R O B AT A 2 B
&, CuSps, NaSps 2L 5 T FeS Difma it F L7272
HEHEDbNA,

Ut X, 75 92 200D CuSy s 5 % i (-
i < LA hid, NaSps DIRMIC L » T, R R
Ty NHRAT RIS b ST, SR E N
EHEDLIENTES. ZOHINIE, NaSys DML -
TT77 v 27 ZAHD CuSys DifmfRIATAW I L T

T T T T T

e
2L e® e, R = XNas, s/ XFes)| |

[\ d B¢

; ° g \uR=OI‘0

.| «

\-

T ® e“\ﬂzle

2 (o]

7 o o

a 'r @ ) 7

oema@

I e A A
@ a o n: D B—.ss
Foa > B m

@
Q f=) E—E __ 614 &
& s f a 8/2
0 A —ATA—A'— L 1
0 0.1 0.2 0.3
X
C"'So.s

Fig. 3. Effect of CuSys in FeS-NaSys flux on
sulfur concentration in carbon saturated liquid iron

at 1673 K. Keys as in Fig. 3.
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Table 3. Experimental results of copper distribu-
tion between liquid silver and carbon saturated iron
melts at 1 673 K.

Silver phase Iron phase
Run No. | (;066 yAe [ mass {mass [mass 7FE'C
% Cu) Co | "%Cul | %Sl | %C] O

ACu- 1 0.788 2.75 0.138 0.00 4.95 35.65
ACu- 2 2.536 2.60 0.456 0.00 4.78 32.16
ACu- 3 1.626 2.68 0.297 0.00 4.85 32.91
ACu- 4 2.688 2.58 0.475 0.00 4.87 32.62
ACu- 5 4.345 2.45 0.750 0.00 4.72 31.16
ACu- 6 5.925 2.34 0.999 0.00 4.88 30.23
ACu- 7 9.009 2.14 1.455 0.00 4.83 28.29
ACu- 8 10.589 2.05 1.638 0.00 4.79 28.00
ACu-S 5 0.794 2.75 0.142 0.48 4.85 34.63
ACu-S 6 1.116 2.72 0.202 0.52 4.79 34.04
ACu-S 7 2.964 2.56 0.499 0.55 4.68 33.72
ACu-S 8 4.496 2.44 0.760 0.51 4.69 31.55
ACu-S 9 5.372 2.37 0.935 0.57 4.75 29.85
ACu-S10 7.214 2.25 | 1.198 0.44 4.55 28.98
ACu-S11 8.525 2.17 1.337 0.48 4.56 29.44
ACu-S12 9.617 2.11 1.551 0.52 4.57 27.54
ACu-S'1 2.884 2.57 0.527 0.92 4,52 31.04
ACu-S 2 0.979 2.73 0.189 1.06 4.86 31.85
ACu-S 3 2.256 2.62 0.417 1.02 4.62 31.59
ACu-S 4 0.675 2.76 0.125 0.99 4.60 33.51
ACu-S13 4.433 2.44 0.792 0.92 4.72 29.86
ACu-S14 6.348 2.31 1.037 1.04 4.43 30.62
ACu-S15 6.890 2.27 1.201 0.93 4.54 27.81
ACu-S16 8.472 2.17 1.500 0.99 4.47 25.95
ACu-S17 0.710 2.76 0.135 1.33 4.40 32.44
ACu-S18 1.236 2.71 0.241 1.38 4.50 30.97
ACu-S19 2.171 2.63 0.422 1.41 4,53 29.86
ACu-S20 2.792 2.57 0.524 1.44 4.42 30.27
ACu-S25 3.990 2.48 0.740 1.40 4.38 29.24
ACu-S26 5.429 2.37 0.989 1.47 4.55 28.16
ACu-S27 6.483 2.30 1.200 1.35 4.19 26.66
ACu-S28 8.657 2.16 1.501 1.36 4.23 26.18
ACu-SS1 8.320 2.18 1.730 1.95 4.23 21.87
ACu-SS2 6.967 2.27 1.442 1.93 4.22 23.03
ACu-SS3 4.634 2.43 0.985 2.05 4.20 24.43
ACu-SS4 2.463 2.60 0.538 2.05 4.26 26.01
ACu-SS5 1.952 2.65 0.425 2.03 4.25 26.59
ACu-SS6 1.566 2.68 0.334 2.00 4.15 27.56
ACu-SS7 1.098 2.72 0.243 1.87 4.20 27.13
ACu-SS8 0.538 2.78 0.124 1.99 4,19 26.73
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Fig. 5. Relation between the activity coefficient
of CuSps and CuSy 5 content in FeS-NaS, 5 flux at
1673 K. Keys as in Fig. 3.
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Fig. 6. Variations of the square root of FeS
activity and activity coefficient of CuSys with
NaSg 5 content in FeS-NaS, 5 flux.
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Table 4. Experimental results of distribution of
Sn, Sb, Ni, Cr, Mo or Mn between FeS-NaSg 5 flux
and carbon saturated liquid iron at 1 673 K.

Metal phase Flux phase
Run No. | ['1a66 [ mass (mass (mass (mass Lwe
%Me] %S] % Me) %Fe) % Na)
Me==Sn
T-Sn4 0.11 1.94 0.13 * 0.00 1.15
T-Snb5 0.24 1.79 0.29 * 0.00 1.20
I'-Sn6 0.94 0.48 0.73 42.19 17.79 0.78
T-Sn7 0.82 0.54 0.66 43.72 18.38 0.81
T-Sn8 0.76 0.89 0.56 50.02 11.20 0.73
T-Sn9 0.78 1.21 0.51 58.65 7.68 0.66
Me=Shb
T-Sbl 0.09 1.93 0.15 * 0.00 1.65
T-Sb2 1.00 1.88 1.62 % 0.00 1.62
T-Sb6 1.09 0.83 0.064 45.85 16.59 0.06
T-Sb7 0.91 0.65 0.034 41.95 21.52 0.04
T-Sb8 0.92 0.87 0.057 46.48 15.60 0.06
T-Sh9 0.73 1.40 0.28 59.86 7.39 0.39
T-Sbl10 0.87 0.94 0.19 54.96 9.72 0.22
Me=Ni
T-Nil 1.12 1.74 1.30 * 0.00 1.16
T-Nib 0.55 0.71 0.12 47.90 14.73 0.22
T-Ni6 0.54 1.26 0.27 56.50 7.98 0.50
T-Ni7 0.52 1.14 0.20 55.03 10.22 0.39
Me=Cr
T-Crl 1.07 1.92 3.62 * 0.00 3.38
T-Cr5 0.52 1.74 1.72 * 0.00 3.31
T-Cr6 0.21 1.26 0.76 56.50 7.98 3.62
T-Cr7 0.19 1.14 0.64 55.03 10.22 3.37
T-Cr8 0.22 0.71 0.55 47.90 14.73 2.50
Me=Mo
T-Mol 2.42 1.44 0.101 * 0.00 0.042
T-Mo2 1.10 1.40 0.043 * 0.00 0.039
T-Mo3 4.33 1.28 0.166 * 0.00 0.038
T-Mo4 1.59 0.88 0.051 58.60 6.19 0.032
T-Mo5 1.79 0.73 0.005 53.03 9.61 0.003
Me=Mn
T-Mnl 0.006 1.78 1.80 67.98 0.00 286
T-Mn2 0.010 1.70 4.04 65.61 0.00 388
T-Mn3 0.018 1.34 10.90 57.32 0.00 623
T-Mn4 0.014 1.52 6.38 63.12 0.00 456
T-Mn5 0.011 1.04 6.56 49.08 9.47 581
T-Mn6 0.015 0.59 9.17 39.12 18.76 607
T-Mn7 0.009 0.79 6.45 44.89 12.09 694

% Not analyzed
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Fig. 8. Effect of NaSys content on the distribu-
tion ratio of Sn, Sb, Ni, Cr, Mn and Mo between

FeS-NaSps flux and carbon saturated liquid iron
at 1673K.
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