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Isolation and Separative Analysis of Iron Sulphide and Manganese

Sulphide in Iron and Steel

Synopsis:

Teruaki IsHUI and Mutsumi IHIDA

Study was carried out on extraction of sulphides in iron and steel and separative analysis of FeS and MnS
in the extracted residues. For extraction of sulphides, the electrolytic method with constant potential and
neutral electrolytic solution (5% sodium citrate, 1% potassium bromide, 19, potassium lodine) and at low
temperature below 5°C was found to be most favourable.

For the separative analysis of FeS and MnS in the extracted residues, the hydrogen reduction method
was most favourable. FeS in the residue was reduced completely in about 2 hr in the stream of hydrogen
at 800~900°C and the corresponding H,S was generated, on the other hand, MnS remained without
change, even if the residue was a solid solution of FeS—MnS.

(Received May 15, 1970)
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Table 1. Preparation of synthetic inclusions.
Synthetic inclusion Method of the preparation
FeS Prepared from ferrous oxalate and H,S (gas) on Mo-boat, in silica tube at 1 000°C
for 3hr.
MnS Prepared from manganese carbonate and H,S(gas) as preparation of FeS.
FeO Prepared from ferrous oxalate on Mo-boat by heating in CO-CO,(50-50 vol2,)

stream in silica tube at 1 200°C for 3hr.

MnO Prepared from manganese carbonate on Mo-boat by heating in pure argon stream

at 1000°C for 3hr.
Combined FeS-MnS

Prepared from ferrous oxalate and manganese carbonate mixed in various proportion
and H,S(gas) as preparation of FeS.

Table 2. Recovery of synthétic inclusions (25)*.

Composition of electrolytes pH FeS FeO 7 MnS MnO
{ 5% citric acid—19KI 1-7 _ 8l 88 <1 <1
{ ??392°i§332 ;tiigileélil 47 85 88 26 .25
{ Sj/g)'ggzii?diét;ﬁ: sulfate—194,KI 6.8» 73 88 65 70
{ ?;2 Ks;)dium citrate— ) 7-8 87 86 73 79

* Recovery(2) after immersing each inclusion in electrolyte during 20hr at room temperature.
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Table 3. Effect of temperature on the recovery of
the synthetic inclusions in electrolytic

solusion (%) .
Synthetic | Room temperature Low temperature
inclusions (25~30°C) (0~5°C)
FeS 87 94
FeO 86 100
MnS 73 96
MnO 79 100

Electrolyte : 5% sodium citrate-19%KI (pH=7)

Recovery(%) after immersing each inclusion in electrolyte during
20hr
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Fig. 1. Schematic diagram of apparatus used
for measurement of electrode potential
of powder inclusions.

Table 4. Natural electrode potential(VS. SCE)
of synthetic inclusions.
Sampile Potential (volt)
Fe* —0-70
FeS —0-16
FeO —0-16
MnS —0-23
MnO —0'16

Electrolyte : 5% sodium citrate-19%KI
* Prepared from ferrous oxalate by heating in pure H; stream
at 1000°C for 3hr.
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Fig. 2. Apparatus for electrolysis method.

Table 5. Chemical composition of steel sample

(%) -

C Si Mn P S Al

0-008 0-12 0-03 0:005 0:057 . <0001
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Table 6.

Effect of electrode potential (VS. SCE) and temperature on analytical values (%)

of sulphur present as sulphides in residues isolated from steel sample.

Temperature of’

Potential (VS. SCE) of steel sample during electrolysis

electrolyte _0'35V

—0-12V

0:04495 (779%)
0:0432, (75%)

Room témperature
(20~25°C)

0-035% (61%)
0-0329% (56%)

Low temperature

(0~5°C)

0:060% (105%)
0-0549, ( 95%)

0:0479, (829)
00432, (75%)

9% within paréntheses indicates recovery percentage of total sulphur in-steel.
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Table 7. Chemical composition and structure of synthetic sulphide.
Ratio(%) of Fe and Mn added
Mark Chemical formula Structure of crystal

Fe Mn
A MnS . Cubic 0 100
B MnFeS Cubic 30 70
C MnFeS Cubic 51-5 48-5
D MnFeS Cubic, Hexagonal ' 75 25
E FeS Hexagonal 100 0

log Ky=log Py,s=— (3 132°24/T) +0- 164
e (11)
EJG (2) wowix, & (7), (9), (10) k¥
log K;=1log Pu,s= — (9 283°06/T) +0-767
cereneeneenn (12)
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Ky=Py,s=10-3atm) (650°C)
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B (2) wowtis (12) kv
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Ko=Py,s=10-7(atm) (950°C)
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Fig. 3. Relation between chemical composition
of sulphide (MnFeS) and inter planar
spacing.
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Fig. 4. Schematic diagram of apparatus
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Fig. 5. Relation between heating temperature

and reduction ratio of sulphide (synthetic)
by hydrogen (Heating time: 2 hr).
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Ratio of FeS and MnS (%)

Fig. 6. Relation between ratio of FeS and MnS
of synthetic sulphides (FeS-MnS solid
solution) and result of separative analysis.
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DX SHITEDK.
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Z 0:5mm OPtMTHL, KM TEBITRIN L
E T Fig. 2 oFBFZBVWTERT 5.

BT, Ml CfIE L ek S 2BE IRENIC
IOHEL, BREPORI L LICERE 30mm 05
CRITFASHT 5.

BEIFHEE & HICNE 8mmg, HX 15mm OF
TR R IT AN, HEREY U2 ANneTFvir—2fic
2 A EANTEETS.

AR ENAFEE L VY KX, Fig. 4 0EFTKE
BEBILT 5.

AR U7 HoS 13 He THHEL, S<EHI F I U 2E
WIRRERE, A FLoBEICXOTSE2EEL, HEK
XoT FeS E%k 5.

KEBTHROREIL, VYFEELDISEREEFIDC
ANTIEBTHEL, el HS 2X<{f§@rrIv

Table 8. Composition of steel samples(%5) .
No C Si Mn S Aj

1 0-016 0-17 0-59 0059 0-001
2 0-012 0-16 0-36 0060 0-001
3 0-012 0-08 0:20 0:058 <0-001
4 0-008 0-12 003 0:057 <«0-001

Table 9. Inter planar spacing of separated residues,
obtained by X-ray diffraction(A).

Sample No

MnS* (kkl) FeS* (hkl)

1 2 3 4

2-612(200) | 2622 2-607 2-578 3-008 | 2-97

1-847(220) | 1852 1-845 1-821 2-683 | 2-65(101)

1-509(222) | 1-510 1-506 — 2-108 | 2-06
1'734 [ 1-71

#*: From ASTM card.
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6. & fl

A=t o bk ® Table 8 TR .
ZORED» ISR L RS2 XEER LT, 8
Pbs & illsE L7 &5 5R1x, Table 9 @ X5 CThHotz-
Table 9 OHEBED > %, MnS iz-o>W\ i (220) &,
FeS iz owTid (110) T & R Lok & DBtk
% Fig. 3 WOHITHELKx. ORI, aRMtho
Ba LR EMSE Shic. $7bb, Table 8 Off
sl R Li: FeS & MnS OEHEKE LTHEL,
Mn E25847 % & FeS @&a#inl, MnS fz FeS
¥ 50% £ CREETS. £ LT, FeSEDHEME LD
CHEREREAEST 5. X551 Mn EBEAT 5 &, Fik
v FeSME LTHHETH X OIS, Ei, @POR
it L AR OB ICE T OERB D 5O HP
DOFALMPBRFUETHBIDTREVIPEZEL TV S.
FESILIm BB X2T, RORODEBHFD FeS &
MnS % feRIgdicsER L, Table 10 KiRT R 257~
rDFET FeS L LTCDSHEEL MnS LLTOSE%
L3 L7ch O, EEMRERK X AMb4S & &
I —HLTWBEDT, Zpkrx FeS & MnS ©O&Yig
BERIERETH D Z EBNEFE S hiz.

7. & R

SRR OB S L G RS o FeS,
MnS OEERIEERIEOHSLZ BRI E L TR T2
FEER, o¥0r LR K.

1) BEAFAAEIIC T, TR T OILEmiE
fEME AN, —fi Mn RBAEWRREICHL, =R
TRIBMESERTERVOT, SELTHET 50T
i, MR EIB TR SEBHD T LHbrolk.

2) BLAALEMRIBRMERSWT, SRt cist
LR, SBhopibmr ettt soorix, &

Table 10. Separative analysis of sulphides in steel by using potentiostatic
electrolysis and hydrogen reduction method.
Sample @ @ O+® Total S(2) in steel Structure of
No Sres{(%) Smns(%) Total S(%) (Direct conbustion method) crystal
1 0°010 0-041 0-051 0-059 Cubic
2 0012 0-043 0-055 0-060 Cubic
3 0-022 0-028 0-050 0-058 Cubic
4 0-054 0-002 0-056 0-057 Hexagonal
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BT vz BRI T Ao BREME —0°3V
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7z,
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