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Mass Spectrometric Study of Desulfurization of Iron-
Alloys by Vacuum Melting

Synopsis:

Eiichi KAaTO and Yoskito FUKUBE

To determine the sulfide species evaporated from iron alloys during vacuum melting, mass spectrometry

was used. A small furnace was wound with tungsten wire and was coated with alumina.

Specimens

of materials to be investigated were placed in the furnace located close to the ion source of the mass

spectrometer.

The alloys investigated were Fe-C-S alloy (2-70%C, 1-32%S), Fe-Si-S alloy (3-40%5Si,

0-5%S), Fe-C-Si-S alloy (3-42%C, 2:73%Si, 0:51%5), Fe-Al-S alloy (2:42%Al, 0-49%S) and Fe-S alloy

(0:20%8).
1400°C.

Temperature was measured by means of an optical pyrometer, and the range was 1000—

In the Mass spetra of Fe-C-S alloy the ions S+, Sy+, GS+ and CS,;+ were found and the proportion of

S+ ion was greatest.

SiS+, 8+ and S;* ions were found in the mass spectra of Fe-Si-S alloy.

In the mass

spectra of Fe-C-Si-S alloy, SiS+, CS+, CS,+, S+, S+ 1ons were found and of these ions the proportion of
SiS+ is large compared with the others, and, in addition to the ions mentioned above, Sng+ was also found

at the high temperatures (above 1300°C).
and Fe-S alloys.
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Fig. 1. Schematic diagram of mass spectrometer.
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Table 1. Chemical composition of samples (%).

Alloy C Si S P Al
Fe-C-S 2-70 0-12( 1-32 | — —
Fe-Si-S 0-13] 3-40/ 0:50 | — —
Fe-C-8i-S 3-42| 2-731 0°51 | — -
Fe-Al-S 0-06|<0-01] 0-49 | 0-01 | 2-42
Fe-S <002/ — 1020 — —
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Fig. 4. Mass spectrum of the vapor from Fe—C -S ‘melt at 1245°C

P ::ﬁﬁi E%Fﬁfﬁu?ﬁéh#ﬁlzb%@ CO+ 23,
XN b Tk, L LTA AU ERBRLTY
BAT v U ARNEEE, SR Eh7=COLELD
h5. mfe=12F C+TCCODIT v TFLIBHD,
16, 17 {3 O+, OH* TH,OD 7 F v 3510k 5D
D, 27, 29 11 GHy+, CoHy+ g T, BZR . SO
CEX5HDT, mle=31 (2 P+ CTHEEED 7 V2 F4
BErORESINIDEEZLONDS. m/e=44 13 CO2+
T, QO+ LRULMEEEE R o bRl Ehic b 0T
H55. Fr mle=47 13 PO+ TzhdhBEEDOT

W FYES SRS NSO LEXBND. TR RHET

L

EBEEBRLTOB 7V S50 ALO, AlO 75 XD
ERICL DA UIERERDOBE T A EBD LN,
. :
4.2 Fe-C-S &% _

Fig. 4 CZDEEPBLDTARRY + T LADO—FlET

L7z, Fig. ARRLAETAARY } 5 ARE VTR

KB 1510 @2 Ry L a—F—FBWTWE. 2R
Y b3 AiCiE mle=28, 32, 44, 64, 76 BE N~
ELTEDON. mfe=28 1359 255 FIZERDS
hiz CO+ THY, D mle ST HEHILHT

=32 u_a:iﬁéfr;r xS+ X Ot P35 25,

»

mfe
b O 73‘5%%’%?‘6 LEREZLNT, ElnNv T T
Y RRHBHLNEVDT, St THBLEILNS.
44 ai CO+ & CS*+ T, Thbix 45, 46 [
Btk v, ZnbD4 F AERBSA—TH5 L Th.
i, FPRX DFEAMRA A CBERBRKREY, Thick D
AF L EORENTRETHS. mle=44, 45, 46 O A +
VRBREE L, I, L &E3N0E, CO:p TiX Iis/laXx
102=1-16, L/l X103=4"02, L;/1,5=2'88 ToHhp,
CS 1 I5/Ligx102=1-89, L5/14yx 102=4"41; Iq/Is=
2:32 TH5. SEOHEIEITEVTIE 45, 46 D~
DEEBPENDDOBE L HBEIXDHE D BIF TR,
BIEER X kRS R A A BB L/ x 107

%2 EREVOT, BRCERIEEBbhE.

m/e=

. =068~1"46, Tio/Y4aX 102=2-36~2"94, I4/I45=2"00
U ~5 11 THok
FETED B,
LIRS CS KEBHOLEXTIVTHSS. m/e

L= o CEEMCER ‘?‘Z)k_((ijr
Le/Ls DEP»HRT 4 -2 05

=64 X S;* & SO:* BhBH, APHhiciLEo C
BHDHIDORDIVEEZ DI, St LEEIND.
m/e=76 }x CS*+ LZEx 65N 5. Fig. 5 [giBEEE 4

— 920 —

b

14



BEERRMT L 588 40BHBBOARD WHHE 449

UIREOBBRER L. ZIT St O4 F LBES O
TRIHBUTRE W Zehib 5. Bk X DB
8, CS,C8:;,S; M EDEBEC I VBT B LEERINS.

T
0 ?///u\:\\ /4

{ arbitrary unit }

®
Cs*+CO; (
9 (o]

fon intensity

(o]
(9]
(@)
No
.
\D
&
.
(5]

A

o 1
100 1200 1300

Temp. (C)

Fig. 5. Relation between ion intensity and
temperature (Fe-C-S alloy).

i
Fe
co’
sis’

= co:

<

=2

>

5

:‘.:‘

=

o

>

e

aQ

K=

[ =4

RS

o, A
64 60 56 a4 C 32 28

m/e

Fig. 6. Mass spectrum of the vapor from Fe-Si-S
melt at 1440°C.

4.3 FeSiS &% _
Fig. 6 ILZDAENPLDTRARY FJ AD—fl% T
L7z, $5IC3v©— 42 m/ e =28, 32, 44, 56, 60 T3
Diz. m/e =28 X CO+ k Si+ raEx SR 578,
Siix 3% BETHY, BREREVOT, FiT/y 2
752 R0 COt THoHT i/ é =32 1T S+ & Oyt
HHH, Ot Ny 2550 RIIIED LRF, S+ T
bBH. mfe=4471F COx* & SiO+ 3B 578, pieh
WIEZED Sit B8H57cw, O DERIIIIL, X
IRy 2550 FD COt ThHDEE2BRD.
m/e=56 {3 Fet T . m/e=60 CIBRT 54 42 &
LTz COS+, SiOp*, SiS* A &»d5. Zhbn4
ALDILVTABEELTIOE -2 ELEL TS
PEVD L ERMTEOMAEHLEIC XD m/e=6l,
62, 63 L XD~V DEINLENRT 5T Lt BEM
WIEAIRETCTH D55, £ ORDITRINLDE— 2 DEHX
EEVEETRET A LENDH Y, SEOEREETIE
BFE S FERE T3 LR TELE,L DRk, LrLCRSR
&1 Be-C-S 4D <Y bJ AthiT m/e=60 D ¥
—IBRVWHEINT, £/ D Fe-Si-S £410k\\T
BCOHRLELTODREDRNEEXLNDDT, COS
OB LA ERVDDEFZTINVTHAS. Tk
Si0; DEK[ETXE LD TERWVDT, ZDE~ 7T Si0;
RZEAEFELTWREWEWZ S, Bl X S57sH K
PHIDE— BT EAE SIS itXBbDEE X
mfe=64 DS S WD EZEZLND E— 7D
bz, Fig. TWREL A A U EE L OBFRETRLE.

1000 4

© 100 - /’

Ton intensity  (arbitrary unit )

o-————"—°/
s: |
(0] —.
[110.0) 1300 1500
Temp. (°C) :

Fig. 7. Relation between ion intensity and
' temperature (Fe-Si-S alloy).

— 91 —



450 & & &

% 55 £ (1969) ®£6 5

1000 T
Fe'
z '\ |
€ 100 s
S‘ \ -
.-E
3
Z | sistN\ ™
=
]
E
s 10
S
C
[e]
(o] 5 10 15
Time (min)

Fig. 8. Relation between ion intensity and time
at constant temperature (Fe-Si-S alloy
1440°C).

%7z Fig. 8 KREHBO—FREC KT H4 4 ViEEL
BRI OBIR AR L. ThicX b e SISt iwxsve—4
DEIVX, LT AN EL 2T T EMBEED
Bidc. —F, St IHEEAEELERLTWRW. &
BLOELEDEE SiSe(m/e=92) X5~ 713D S
Niepork. LlbkX b Fe-Si-S S4&0piIxE LT
S, SiS, S; WX DARINBEEZEZLNDS.

4.4 Fe-C-Si-S &%

Fig. 9 WL DEENPDLDTARARY T LD —fl
Rlic. 4F U BEEOKRENRE— s 13m/e=28, 32, 44,
60, 64, 76 TH 5. ZNHDA4 F L DRNT m/e=60 I
R A A UBRENKEL, 20 mfe WHYTH{F
& LTI SiS+, COS* Rp5h, Zoa5&nE4s, C,
Si %<, Bbdho O RbihnwERLEh, LT
SiS wxBpve—2sEELZLNS. mfe=28 12 CO+ TH
5. mle=32 1X S* rBEbND. mle=44 WTOWTIX
CO,*+, CS+, SiO+ p3% %555, SiO+ BMETH D L%
bbb, 7 CO+ L CS+ 34kl TY—211
BELAFNTGEC X SFEDHEETHO/DT, mlfe=44
DE— 25X THB5TFNE, ZRH6ORVWTATHS
PERET BT LIXTEL,Dz. mlfe=64 I SO;,
S+ RH 58, mlfe=60 DFPL LFEAEMNT St T X
LrEZBNS. m/e=76 & CS; ThHLEZLN
5. Fig. 10 i 44 U3aE LIBEORRRR L. TC
TAF UBERBREREELONSIBETIEEICKE

cos - +
T 2 S Cco
cs*

. sis”
CS:

{arbitrary unit )

Sz

Ion intensity

ol JhJu»_;T

76" 1/ 6460 aa 32 28
J

1
m/e
Fig. 9. Mass spectrum of the vapor from Fe-C-Si-S
melt at 1210°C.

1000
% 100
3
= g* \
E o
5 g
8 / o
COz+C
> @ c/ ¢ /
-‘5 ,.—.
= 2
c 10 = [®
S / |
X 2 o
v /’
o X<
s 7 = »
O\o Ih SiSs
(o]
1200 1300 1400
Temp. (°C)

Fig. 10. Relation between ion intensity and
temperature (FerC-Si-S alloy).

4



HBEERIZX 2&A5460RMBHEOERD ITHMA 451

e, FOBNILILDTWBEH, THRERFHEBRNHE
W, FOROERSDIRED, THLHPIET LR
LiimkBEtFEAbN5. Fig. 10 kT, BEER
DA F AEETIE SISy AShad A4 & B L TR R
Epofe. EBEIBICEV T SiSy* 2330 bhiz. Bl
rozers, ZOBETEZER L EE, R
SiS, CSy, CS, 83 S MEDHTFHERTHILILE
NinEhs LEXLND.
4.5 Fe-Al-S &% \
LOBEEDTARRY LT ARTNES (LAMICE S
YP—s L LTI m/e=32, 64 BNTBEDHENI. ThHD
P—213 S+, St THrEELLNS. ZOBEE, 7
WE =D AORLHERD bR ,DOk. XV ZD
LH4TIES, S: DERICIEFEXE B LEZOLND.
4.6 Fe-S 5% o ,
LDEEDEE, FRERVBLALZABRMLTE
L, TAZARRY bI AHRTIE m/e=32, 64 BEDHDL
hiz. LS o CTEEIREBIC RV TS, S DERENHD
frFEr2bh5.

5. & =

Fe-S 5&*BEERBEMT LHmMARIDT &, XK
B, ZoP™ DX hiREShTEY, ROXSBK

JCHEZ BTV 5.
S =8 (g)rmerereerreeni et (1)
28 =Sg((g) reeeresereererennseisiasnie e, (2)

FREBEEFPEENDHE, KA BWEmMDFL LN
5.

$S+0=80(g) et (3)
S 420 =805(g) «reereereerserrreanieinin (4)
S +30=S03(g) crrerrerecreserenia. (5)

X5ig, Fe-S g4 C, Si Jo EnEmmmEhicBa,
(1), (2)ORBFEFCLBEELLNS X VL EICH
TSR B T LIIKRHED, BR, Wk JIED, LoOfh
REVHEINTED, REFT IS BEIBT X DR
BT LEEXRTVS.

C+8=CS(g) B R 4D
C+28 =CS;(g) vervenreeenennn (7))
Sit S =S8iS(g) reoveeermrrmrrememiimsinannns (8)
Si+28 =8SiS:(g) N E:))
EEROHE, Fe-S 4TI, EHRETRDOKL

2, (DDOFBITXVERL, 4 F{bxhiz ST,
St BEDH LNz, B, (3)(4)Y(B)DOEIGITDOWT
EARERTIIERT AT LRTEL,Dk.

i, (6)(7)Y(B)Y (N Eie>nwTh, Fe-C-S &

— 23

&, Fe-Si-S &4, Fe-C-Si-8 £4&0ERBRITT L
X 5ic, CS+, CS2+, SiS+ix &4 & L s b, B
EEBTI D, EREEINTWRZ(6)(7)(8) o
REHSEC Y, HRSBEI NS 2 L SEEFHX N
EEZbNS. Ik (9) ORGSOV TIE-Fe-Si-S &
DAL SiSet DA F LT E A ERD BT, Fe-
C-Si-S 5&DF4, BIBTHTHICRD bhvi.
EHERDGE, FEERTRILWIDRERD S RE
BELL, LFLD, RPoMKICkT 544 MD%k
RESB LN DT TRV, —5, Rk 5hT
VBBNET — % AV T ERORBIROWTERAED
-3 —

-4

-9

log A (atm)
¢

-l

1500 1600 1700
Temp. (°C)

Partial pressure of species vs. temperature,

calculated from thermodynamical data.

(Fe-S alloy S:0-5).

1400

Fig. 11.

Au/’ﬁ
-5 —u/ G =
=

s L//,

log 7 (otm)
\

1300 1400 1500 1600
Temp. (°C)

Partial pressure of species vs. temperature,

calculated from thermodynamical data.

(Fe-Ce-S alloy CG:2°7, S:0°5).

Fig. - 12.



452 % & W

3 55 & (1969) £6 =5

/A—
15

-4

log P {atm)

////{/
~———

» SiS: _
1300 1400 1500 1600

Temp. (°C)
Fig. 13. Partial pressure of species vs. temperature,

calculated from thermodynamical data.
.. (Fe-Si-5 alloy Si: 3+4, §:0-3)

-10

2
s
-1 sis
-2
—— W
24 " i
| sl
o . /EF
8 :
I ke ,///
Sz:{)/
S g By
SiS, O
S8 =
S Sl R
1200 1400 1600 1800
Temp. (°C)

Fig. 14. Partial pressure of species vs. temperature,
calculated from thermodynamical data.
(Fe-C-Si-S alloy G:3-4,51:2:7,5:0°5)

WMEZALERD, Thi ERFER L OLEEZTR k.

" Table 2. Standard free energy change of

reactions.

Reaction

A4G° (cal)

Plenjen
++
|tn oo
%
n
oy
41+
~

[ellelil
+ 4
%)
I
Q
[7,}
D

28,180-3-447T
71,430-18-04 T 1319
8,000-15T®
—16,840-37T2
85,420-18-17T1D
54,640-2° 14T

Fig. 11~Fig. 14 i Fe-S &4, Fe-C-S &4, Fe-
Si-S &4, Fe-C-Si-S 441 351 % LELRISERM O
SUE LIBEE & OBRIC oW T OB B T EE R AR
L7z. F7: Table 2 g Wk RGOEB¥HHT F 0¥
—Z{LORER L. EFERBOBHIITCRTX
SaBER XDl Tizhb Fe-CH5&0CoEEREK
OEHICIETRDEA V. '

log f cos =log fcx+133

log f c;=4350/T {14+4x10-+(T —1770)}

(1—X£e)
RFD feu & [%Cl=1 2ERERELLILEDC
DTEERI, Xre 13 Fe DEAHRTHSL. FicéT
AE&HD Si OFEBRI fa ZRDBIITRDIC Lo
T rsi ZRDIDOLINE for WHEELAK.

log rsi=1log rsi®°+1/2-303{12[ X C]

+7-6[XS]+37[Si]}

log 7si®= —62307+0°37
Z Oty VI ERBREE 1§ =—-01028, 1§
=0°066, I&=0-24, [$=0-09, I$V=0"10 TH7=.

Fig. 11 13758k Fe-S &% d S, S: DZEKAEDIR
EZELTH5. SEOERICEVTIRZOX S KIERE
&2 SRS RERBDCOVTDOTRAZRS by
EELZEXTEL,oS, Bk Fe-S 4425 S,
S BHEEINDZ LRWHEHh, %7 Fig. 10 1R
ENTVREHI, BRIGER RIS S, S OERKE
BRI BYDT, INLOEBIXZMEMPTTRbH
BLEXTIVWTHSS.

Fig. 5 & Fig. 12 @35 &, BANENRHE R
X5 E 1300°C e\ Tht CS, 2R DESESEL,
BIFS, Sz CS DIEREDTWS. THICK LT 1250
ClekiTd 44 BEIR S* 2BE|KAT, DT CS++
CO,, CSz*, S; DIEKAEDTVS. DL 4&FRITEW
Th—RIT S+ D4 F VIBEIBAEMLEIL L DT
HAZNS XKES XD DMEMICKEL KkoTW5. =
DEBRIFHEREIR W TfTbhTiivwivoT, =
DEEOENSHEDIEHE VIR EL VL Bbh
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3, mﬁFPO)Si) ﬁiﬂjé%’béiﬁ‘&%u, E%iﬁfjﬁﬂjén
%Pip?)n b&mE LTRSS EE I HRT, {ta
LS EGERPERIND Z LR D, TomEE»E
EEETHHLETHE, RFRTRIBENS 35 2HE
HEFE VS ZLRELONE. 35 lo0EXbh
5EEE CS, CSy, S MFOBFHERBICLDZI T v &
I oTAELS SY BRHRYHLDOTIREVAE NS
LETHE. LPLINLOETEL T -E%sE
RTHERTRETHOT, T 2 TERHEROEZ .

Fe-Si-S &4 @3 % Fig. 7 & Fig. 13 rx &
T5&, FHEMETITISS ORAESEDLDTEHEVDOID
b b, E— &3 St & SiS* L AIIEFRUCT
Holz. Tt Fe-C-S £4&DBEALELEETHS.
¥k Fig. 7 WARINER, T70bb 1440°C 1o B
LIIGAIT, S* D4 F UBEERREORE L 2 b dh
EDELLIVAS, SISt D4 A LBEIRREOE
EDBRETLA . ZOBHLIRETHS.

Fe-C-Si-S 54 W o>WTDESREREL B2 LHbo
4 F URERARECE N TIRE SiS+, COy++CS+,
S*, CSp*, So*, SiSe+ DIEICE->Tk Y, BA2wik
FRIELLERT 5 L thoE4 DB ERALL ST 0lE
DN K E L o2 T 5.

7s¥ Fig. 5, Fig. 10 THW\TH F LIBENRE ©
EREEDEMLTLIREL LTV AEVDIIES LT D
SREORIC LS DDEEZLND.

6. & #

BHEGNETOA 4 VEGEEL COMNMIOEZ T 5 2
XY, BEEBEMLSkELORFER DY EESIT
L, RotHER#157:.

(1) Fe-C-S £4& TR ~<RAARY +I arhiz S+,
S+, GSe*, S+ ¥4 FUpFd bR, S+ i
RELAF U BEERLT L.

(2) Fe-Si-S £4TREvAARY +3 arhic S+,

SiS+, Sp* X D4 F LB L. .
(3) Fe-C-Si-S H&TE<R2<Y N5 Ldhic S+,
Sa*, SiS*, SiSe* Je X D4 F LaF® B, SiSt 13
CRESA A VBELR L.

(4) Fe-Al-S &4, Fe-S 44 Tl3v22 5+
LAHUT S*, St DA F UMD BN, Yok Fe-S &
EREWRETH .

(5) BAEMAFECIZEREORNEBRIBEN
TeBREDA & R & VISIENG L.
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