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Synopsis

The effects of element X.such as C, Si and Al on the activity of sulphur in Fe-S-X liquid
‘iron alloys have been studied over high concentration of X, using the equilibrium reaction
‘between sulphur in liquid iron alloy and H;-H,S mixed gas.

The first order interaction coefficients eg®> were in'good agreement with values measured

by. other researchers.

All. of  the experimental results' were more fitted by a Taylor's series expansion of log fs
at an arbitrary concentration depending on alloying elements and temperature, after which
some assumptions were set, than by the Wagner's theory defined in infinite dilute solution.
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Fig. 1 Reaction chamber 1, Optical pyrometer 2, Gas
inlet 3. Cooling water 4. Glass window 5, Device
for adding sampe 6., Guide. tube 7. Rubber ring
~ 8.Brass head 9, Radiation shield (Mo) .10, Rea-

ction tube (Si0;) 11, Preheater (Mo) 12, Disch-
" arge defense (porcelain) 13, Crucible (AlO;) 14,
" Protecting . crucible 15, Induction coil 16, Al,04
_powder 17, Melt 18, Support tube 19, Gas outlet
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Fig. 2 Approach to equilibrium, showing that equili: '

brium time is about 6, Shour in -initial %C=
3.5 and initial %S=0.7



BEBTEARREE  $27% (1975) 251

DI —TEIT5 BRI NIZ RIE L F DEL G 4 I3k
BY, U THET 570 It SEE B -0 B
HFE %S Bt TwBEBbhENLTH D,

CD X5 I FETHERERDY 1,500, 1,600°C ¢
FHIC=1.5, 3.5% &, CAIMCOWTRDE Ldid
O Fig. 3CH B, FERTIXZOR % HEIZ 1,550°C
THIE L Tz,

":6—‘ Fe-S5-C

<

:7— O/O

2 /A

£ 6 _~©

2

S5 4

g_ O 1500C

w4 A 1600°C
| ] 1 | ] |

0 1 2 3 4 5 6
Initial  *C
Fi3. 3 Relation between initial %C and equilibrium
time

Fe-5-Si oifAit4T 7hr BRI,

Fe-S-Al DB &x Fig. 4 154 T Shrd L1,

BRI Y XA BL CREAMEEEBEH Tk -
oo WL Hy oofligh, #i=y rA@i% He filter
ZHELTHEL, Wien M#HRD log(e-r) HAMEMR
Elle ZIT ¢« REDBHRCHYHERRC LD
EPBT 2 AERTRETR—BEMEHIn,
TR REBRTHD, WMEBZIT +10°C MHKE X
xbhis,

134 Fe-5-Al  1570C
2r |
w M Dt gas 22213107
‘e 10F it
Ry
09
08
07 f- o o=
- Ar 130 -
R
A A A A~ B
YAl 120
1 L 1 1 1 1 1
o 123 4 5 6 7
Time of experiment (hr)
Fig. 4 Approach to equilibrium ¥
3. HEBER -
3.1 Fe-S-C

FF% 1,550°C, %C=0~EIF], HARE # A=

2.92X107° CHIEL A-#FE % Table. 1 IR LIz, = 2.
T S 3BEECKT HS@* S;(g), S ki
BREET 5, FLARTIRZOMIZ CS(g), CS:(g) 3. :
SOERLY, BEVALDETFEET, CH,(g b
ERLZhRFALEEDDC Lickd, UEDEF A
BERT D RS FEER Y RICRT,

H,S (g) =1/2H, (g) +HS (g) 6)

E=pp 2« pus/Du.s

4G° =40090—15. 40T 12

HS (g) =H, (g) +1/2S: (g) {7

K=Pﬂz . Ps:llz/PHxs

4G° =21530—11, 73T 1

H,S (g) =H; (g) -+S () @8y
K=py, + bs/bu.s

4G° =74000—26. 33T

C+S5=CS(g) (9)

K=Pcs/fc + [%C] - fs[%S]

4G°=85420—18.07T 12

C+28=CS;,(g) (10

K=pcs:/fc - [%C) 'fSZE%S]z

4G° =54640—2. 14T 12

C+-2H, (g) =CH, (g) {an

K=poy/bp? - Je - [%C]

4G°=-—27180+36. 457 1»

BECThORIE b RHET TR PHEICEL T
54 DL LA, inlet gas Tt Pustdu+Da,=1(atm)
BRILL, Z0D bms & Du BEDE) CAALT Dus,
bs,, bs HRDF I OW) ITHH L% (%S), (%,
ClEHHEFRBREERALT boss DLosw Pou. B
hEnRDI,

08t
Fe-S-C
0.7}

0.6

o 1550 °C This work ~
e 1600 °C Morris,Buehl ’

] ] ] 1 L
00 1 2 3 4 5

% C

Fig. 5 Effect of Carbon on log fs. Curve 1 was obta-
ined by means of a Taylor's series expansion
of log fsat (%S, %C,) = (1,04, 1.0), Curve
2 by means of a Taylor's series expansion
at infinite dilute solution.
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Table. 1 Equilibrium results on Fe-S-C at 1,550°C (G : Graphite)

Run No. %;fs—xwa initial %S | initial %C %S Metal | Qnalysis N log f5©
(corr.) :
c—1 2.775 L5 0.5 1.17 0.21 0.018 |  0.036
2 2.775 1.5 0.5 111 0.30 0.049 J  0.055
3 2.770 1.3 1.0 1.09 0.81 0.018 . 0.063
4 2.770 1.3 1.0 1.04 0.87 0.065 %  0.079
5 2.764 L2 L5 0.98 1.28 0.042 |  0.103
6 2. 755 1.0 2.0 0.83 1.85 0.033 1. 0.169
7 2.753 0.9 2.5 0. 65 2.12 0.037 | 0.268
8 2.745 0.7 3.0 0.56 2.66 0.096 |1 0.324
9 2. 741 0.6 3.5 0.46 3.07 0.096 .  0.405
10 2.787 0.5 4.0 0.39 3.39 0.116 7 0.473
11 2.736 0.5 4.24 0.32 3.72 0.072 0.558
12 2.707 0.5 | 4.24(Gadd) 0.26 4.53 0.125 5 0.639
13 2.712 0.5 | 4.24(G add) 0.30 4.27 0.103 |°  0.580
14 2.712 0.5 | 4.24(Gadd) 0.30 4.23 0.064 | 0.582
15 2.725 0.5 | 4.24(Gadd) 0.27 4.21 0.136 | 0.625
16 2,701 0.5 | (G crucible) 0.17 |5.22 (corr) — | 0.826
3.2 Fe-S-Si ,
Table. 21 1,550, 1,650°C. Tk %Si=0~9, I, 600
°C Tit %Si=0~20 TS » L MEERLTT, BA ——r— T T
#AKE, S-1~14T 3.14X107%,S-26, 32~35T 3.17 Fe-S-Si /f ]
X107%, S-25, 27~3l T 3.20X107% S-15~24 T 20 7
2.95X107° #EREREA LI, ¥ ALOBER 3.1T 1
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F ey el CERSHEIRAARIFET SitS=SiS 1ok ]
(@) » 4G° % 36,300cal/mol (1,600°C) L@ THHEZ &, | 1
ORIGOTFEEB L K=pois/ (%S - (%81 &FB ek B | : s o ]
PEHETIIE X 6LOUBDHFALEETEIRDZ Lt o5t o 1600°C | Thiswork® — —
B, Bt THEEMELELHERTbr o, F [ e
Al FBHREZOWTLH 0.05%LTFTTHADTEELT ‘
Wil HEDBRRCIHER) QRML f5=F - f59° 0, e B —
ELTE %St stiE T Blogfs? kB, thbiM % Si '
FLiDH Fig. 6 TH5, Fig. 6 Effect %f Silicon:on-logfs. Curves 1 were obta-

ined by means of Taylor's series expansions
of log fs at (%S, %Si,)=(0.53,4.0) at 1,
650°C, (0.60, 4.0) at1,600°C and (0. 70, 4.0)
at 1,550°C, Curve 2 by means of a Taylor's
series expansion at infinite dilute solution.
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Table. 2 Equilibrium results on Fe-S-Si

Run Temp. Dis X10% initial initial Metal Analysis Tog £
No. ¢ | Pu %S %Si %S %Si %Al 8Js
(corr.)

S—1 1.1 1.0 1.19 0.99 e 0. 061
2 1.0 2.0 1.02 2.02 _— 0.121
3 0.75 3.0 0.82 2.87 0. 007 0.210
4 1, 650 2.97 0.70 4.0 0. 69 3.97 — 0.278
5 0. 65 5.0 0. 63 4.93 —_— 0.316
6 0.50 7.0 0. 43 6. 64 —_— 0. 474
7 0.40 9.0 0.27 9.00 0. 013 0. 675
8 1.1 1.0 1.05 0. 86 —_— 0. 050
9 1.0 2.0 0. 82 1.90 —_— 0. 150

10 0. 80 4.5 0. 56 4,37 —_— 0.307
11 2.92 0. 65 5.0 0.58 4.55 —_— 0.292
12 0.65 6.0 0.45 5. 81 — 0.398
13 0.50 7.0 0.34 6.72 e 0.516
14 0. 40 9.0 0.24 8.41 0.013 0. 664
15 0.20 11.0 0.124 10.90 — 0.921
16 1, 600 0.20 12.0 0.103 11.74 —_— 1. 002
17 0.15 13.0 0. 0663 12.93 — 1.191
18 0.15 14.0 0. 0477 13.93 —_ 1.333
19 2.75 0.10 15.0 0. 0327 15. 00 0. 047 1,497
20 0.10 16.0 0.0176 15. 82 — 1.764
21 0.10 17.0 0. 0205 16. 38 — 1. 699
22 0.10 18.0 0. 0064 17. 86 -_— 2.204
23 0.10 19.0 0. 0057 18. 88 _ 2. 258
24 0.10 20.0 0.0049 19.23 0. 031 2. 320
25 2.90 1.2 1.0 0.91 0.94 — 0.058
26 2.87 1.0 2.0 0.76 1.92 — 0.132
27 2.90 0. 80 3.0 0. 64 2.89 0. 022 0.201
28 2.90 0.70 4,0 0.54 3.92 — 0.274
29 2.90 0. 65 5.0 0. 46 4.93 —_— 0.336
30 1, 650 2.99 0. 60 6.0 0.38 5.85 — 0. 426
31 2.90 0. 50 7.0 0.30 6. 84 e 0. 515
32 2.87 0.50 7.0 0.31 6. 62 —_— 0. 503
33 2.87 0.45 8.0 0.22 7.78 —_— 0. 647
34 2.87 0. 40 9.0 0.18 8.45 0. 021 0.738
35 2.87 0. 40 9.0 0.17 8.72 — 0. 760
Table. 3 Equilibrium results on Fe-S-4%Si at 1, 600°C
Run | 2msx103| initial | initial Metal Analysis |1, ¢
2 0, 0, i 0, 0, H
No. f(lcorr.) %S % Si %S ; %Si
S—36 1.94 0. 60 ) 0. 396 3.95 | —0.0068
37 T 2.43 0.70 . 0.515 4.01 —0. 0239
38 3.17 1.0 0. 6_67 3.83 —0. 0206
39 3.79 L1 40 1 o814 3.81 | —0.0291
49 4.24 1.25 0. 897 3.91 —0. 0224
4] - 4.74 1.40 1.023 3.78 | —0.0313
42 4.99 1.60 1.098 3. 94 —0. 0396

T T T T I T T T T ‘ T I

Fe-S-4%5i 1600°C

Fig. 7 Effect of Sulphur on log fg at %Si=4. It has
l been found by these that 3 at %Si=4
nearly equals to known ¢g®,
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obtained by means of Taylor's series expansi-
ons of log fs at (%S,, %Al,)=/(0.60,4.0) at
1,670°C, (0.35, 8.0) at1,620°C, (0.17, 13.0)
at 1,570°C, Curve 2 by means of a Taylor’s
series expansion at infinite dilute solution.
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Talbe. 4 Equilibrium results on Fe-S-Al
Run Temp | 2855109 | initial | imitial | Metal Analysis |t s
No. - |+-°C |Pm %S | Al i gs Al | Jog P
(corr.) -
A—1 1.33 100 | 1.28 0.77 0.0184
2 1.24 2.00 1.23 1.62 0. 0340
3 1.30 3.00 0.73 2. 64 0.242
4 1.16 3.99 0.68 3.3 0.271
5 1.07 5. 00 0. 62 4.53 0.309
g | 1,570 8.02 0.98 6.00 | 0.52 5. 40 0.382
7 0. 89 7.00 0.49 6.56 0. 407
8 0. 80 8.00 0.37 7.54 0. 525
9 0. 68 12.03 0.23 10. 99 0.726
10 0.31 14. 87 0.14 14. 36 0.938
11 0.27 20. 06 0.070 18.01 1.237
12 1.20 .02 | 1.14 0.91 0. 0044
13 1.08 3.01 | 0.74 2.68 0.179
14 0.98 4.99 | 0.61 4.59 0. 259
15 0.79 6.93 | 0.52 5.74 0.325
16 | 1,620 2.96 0.57 9.02 | 0.32 8.22 0.530
17 0.44 11.03 | 0.22 10.33 0. 689
18 0.44 13.00 | 0.20 11.87 0.730
19 0.27 16.99 | 0.075 16. 30 1.152
20 0.18 19.96 | 0.031 18. 61 1.534
21 1.20 1.02 | 1.06 0.98 | —0.024
22 0. 80 3.05 | 0.69 2.78 0. 151
23 0.96 5.04 | 0.58 4.35 0. 224
24 0. 90 6.98 | 0.44 6.10 0. 340
25 | 1,670 2.89 0.59 9.06 | 0.35 7.25 0.437
26 0. 61 11.02 | 0.26 8. 84 0.563
27 0.44 14.91 | 0.077 13. 68 1.087
28 0.27 18.09 | 0.029 16.11 1.509
29 0.21 20.95 | 0.014 19.28 1.825
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Table. 5 Interaction parameter by other researchers
°C 5® Range Ref.
1, 600 0.113 <1.3%C 1)
1, 550 L0.114 Sat. 5)
1, 550 0,111 <Sat. 6)
1, 550 0.120 <2.8% C 4)
°C RS Range Ref.-
1, 600 0. 065 <3.5% Si| 2,3
1, 550 0.063 16% Si 5)
1,550 | log fs5© =0, 0185 :
(% Si5+0.0020L%504 < 14% Si | | )
1, 550 0.074 < 7% Si 4)
°C ‘e gtan Range Ref.
1, 600 0. 054 <3% Al 3)
1, 550 0.035 14% Al 5)
1, 550 0.0167 <3% Al 6)
1, 550 0. 045 <7% Al 4)

Table. 6 First order interaction paramater, the arbitr-
ary concentration (%S,, %X, =P and A

in equation (14

System| Temp
Fesk| cc | e® |%S,%X)=P | a
Fe-s-c] 1,550 | 0.100 | (104, 1.0) 0.018
1,550 | 0.0656 | (0.70, 4.0) 0.0035
Fe-S-Si| 1,600 | 0.0670 | (0.60, 4.0) 0.0043
~ | 1,650 | 0.0688 | (0.53, 4.0) 0. 0068
1,570 | 0.0650 | (0.17, 13.0) 0.0026
Fe-S-All 1,620 | 0.0625 | (0.35, 8.0) 0. 0025
1,670 | 0.0545 | (0.60, 4.0) 0. 0037
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