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On the Determination of Sulfides in Steel and their Behavior at Heating Process
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Synopsis :

Sulfides in steel are isolated electrolytically and determined by hydrogen reduction
method, and the procedure is established as follows. A sample of steel is electrolyzed in
5% Na-citrate+1.2% KBr+2.8% FeS04 electrolyte (pH 6.0-6.2) and the isolated residues
are treated by 10% glycine solution (pH5.5) for the separation of MnO and then they are
heated for 4 h at 700°C in H2 atmosphere. H2S produced consequentially and S
remaining in the residue after heating are determined and calculated as FeS and MnS,
respectively. By means of this procedure FeS and MnS in C-steel or Si-steel are
determined accurately. The investigation of the behavior of sulfides in 3.3% Si-steel at
high temperatures revealed the fact that FeS is precipitated in the Mn-free steel MnS is
precipitated in the steel containing more than 0.1% Mn at approximately 900°C and
1050°C, respectively.

(c)JFE Steel Corporation, 2003
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On the Determination of Sulfides in Steel and their Behavior at Heating Process
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Yoshic Yoshida Akiyoshi Nakano

Synopsis:

Sulfides in steel are isolated elecirolylically and determined by hydrogen reduction method, and the
procedure is established as follows.

A sample of steel is electrolyzed in 5 % Na-citrate+1.2% KBr+ 2.8 % FeSCO, elecirolyte (pH 6.0~6.2)
and the isolated residues are treated by 10%glycine solution {pH 5.5 for the separation of MnO and then
they are heated for 4 h at 700°C in H; almosphere. H,S produced consequentially and S remaining in
the residue afler heating are determined and calculated as FeS and MnS, respectively.

By means of this procedure FeS and Mn3 in C-steel or Si-steel are determined accurately. The investigation
of the behavior ot sulfides in 3.3% Si-steel at high temperatures revealed the fact thal FeS is precipitated
in the Mn-free steel and MnS is precipitated in the stee! conlaining more than 0.1% Mn at approximately
900°C and 1050°C, respectively.
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Fig. 1 Schematic representation of experimental apparatus

for hydrogen-reduction method
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Table 2 Experimental results for sulfides of various type by hydrogen reduction method

A H(‘aung in

Ratio

f\na]yl.u.al value
S in the H, atmosphere ' (mg) (%)
Sample ‘ et B ‘
\ taken Temperature Time B: C: I C
sample 5 found in the S found in the | s ;2 300 2 R L0
(mg) ] (h) absorption sample after B+C B C
S : — e, SOlution I heating-treatment S SR R
12,64 850 3 11.64 : 0.7 L6138 6.2 93,0
12.7; 700 3 12. 74 trace i 0.0 99.9
Fe$ *
12.9; 750 3 12_8, trace 100.0 0.0 99.0
13. 24 800 3 13.0g . 0. 0g 99.5 0.5 99.5
13. 41 650 ; 4.4, 7.5, R R - R
11.8, 650 5 4.3 7. 05 | 384 ! BLE | 964
1284 700 3 5.65 7.1, 40 560 99.5
(Mn-Fe)$ 2.5, 700 . 4 6. 14 3 6. 25 49.5 5.5 98.6
12.2, 700 ! 5 i 6. 15 ‘ 5.9 51.0 19. 0 98.7
]
12. 54 750 : 3 8.4y 6. 05 5.6 ©  48.4 49.2
12.9; 300 f | 6.7 1 6.1, 2.3 | 41T 99.0
' 14.3y 650 3 ' 0.15 | 13. 35 L0 49,4 43.7
12, 8y 700 3 0. 0g 1274 0.6 99, 4 9.3
Mn$S

12. 89 750 3 0.1, 12.74 1.0 99.0 ~ 99.8
12.64 300 3 0.0y 12. 3y ' 0.7 99,3 48. 7
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Table 3 Effect of diverse materials on the determination of sulfide hy hydrogen reduction method

Heating in

Analytical value

Sum of

S found

Solubility
(%)

94.9

Taken Added Ils dtmosphorv ! (mg)
o : - .
Sin the | ! -8 found in the §found in the
Sulfide sulfide Material | Weight  Temperature  Time | absomti(m sample after
777777 , V(mg) | (g} ‘ ) i o V!-.zolullon | heatingg i
|
) Ferro- : - ” .
EE S AN 51.4 870 2 4.0q 9.1,
13.25 | Fealy 50.0 870 2 12.97 trace
13 2y MnQ- 310, 50.0 870 I 2 12. 64 trace
13. 24 | Residueial ] 870 2 13. 25 0.1y .
Fes 1.4 | Mné) 24.9 700 4 7.0, 4.4, }
14y | MoN 33.9 700 4 21 9.3, i
DoLss Gy 28.5 700 4 .47 2.4, ‘
14. 93 AlIN 0.3 100 4 10. &g Lrace
10.9 C 30,2 700 g | 10,9, trace |
12,35, MnO L3008 850 2 0.05 12,2,
1.0 | MnpK; 31.3 700 4 trace 1055
1L1; MaQ-$i0y 31,0 700 4 trace 10. 9
11,25 Fel 29.9 700 ‘ 4 trace 1. O |
MnS |
.47 | Cra0y 2005 700 4 .03 1094 !
11.3, | AIN 3001 700 4 trace 10,64
[
Mitrided -
1105 ferrosilicon 34.9 700 4 trace 10. 75
11.04 - C : 10.0 700 4 0. 0g 10. 5
i
244 SULLBREICLDE Table 4 Solubility of some materials in 16%
{t4n & MnO@ 75k glycine solution (pl 6)
i ik, MnO pkRpioF e h o 2 AN Treating - ‘ Taken
l]}j BT s -7z, Kochta? 13, #ifkAns 5 MnO (“"“ﬂ Material ()
min) ‘
P EET DTz 0 IR AW Ui, SRR e e
R . s MnQ ;2005
f};—a%ﬁ:@»ﬁ_«\‘ Lk, 70 R 20ml A 100ml \
o ‘ o ! Mn0-Si0y P13
A7 7 A= A, RS EIEER (L, 100°C _ |
. ) FeQ 2004
RIER L, RO Ny SaliAeaont U U BHAEE L 7
, Electrolytic manganese 20.6
ThE TRV R B A L, Ny IR T Al iy . :
T a ' Electrolytic iron | 20.6
100 Cor (A LA, ARy 27 A~ )
Fe rrnmanganﬁo ‘ 2003
MV T AH 5, = S
. . .. ea | MaO- "3102 11.4
Table 4 3 X O°Fig. 3 (4, bY wi ks '41 i
FeQ 20.0
it X 5, S Mn s Loy MnO 1 16% 30 :
i . v B o Electralytic iron 204
2N IR R AR L, UL, FeSik "o 1

st cdh 4, (Mn«Fe)s &
FORT ) oy, e pH fo &

Pv’IllS g 2“'7‘ _1_: :‘rﬁ HL,

L T A

Y5 :
o, IhbiSE L, Wik s MnO 4 0
TATIITEL, 10% 2V o wiRE (pH 5.5) A1)

] Ferr ()mdnganese

Soiubility (%}

( Mg of insoluble residue
Mg of taken sample

)x]()()
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+1. 28 KBr +-0 6% K 2 8% FeS0,)

My of insoluble residue 0y

Recovery (%
ecovery (%) Mg of taken samp'e

e 33 —

e a8t 4 Table 5 i,
Fiho, ARSI o fnid
ikt 4 Table 6 v 4,
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Table 5 FExperimental results for the solution of

MnS during washing {sample 30mg)

W‘lshmg solution

2% ammonium citrate

2% sodium cilrate

Distiiled water

Recovery (%)

_ Mg of insoluble residue

Mg of taken sample

‘e
| eH

‘ Recovery

o
4

B LT ERS R E o R TR O T

89.7

929

86.3
a0, 2
9]. 4
o6 7

91. 9
93.4
83.6

4.1
93,1

54.8

% 100

FEF il o &, PUEH L T D -

- f\iﬂ

July 1970

CHEHA

Table 6 Recovery of MnS after immersion
(immersing tirae, 20h, sample MnS 30mg)

%()!utmn

z’\lulhol

Alcahul Water {1+ I)

DiSIl“(‘d waler*

Re( ove ry ( )

97. 8

69.9

96.9

Stream of mtro;,en was pdbbe(l through the

solution during immersing treatment

Recovery (%)

_ Mg of insoluble residue

" Mg of taken sample

3. 8chD FeS, MnS OO BT S

31 BEORE

x 100

pHEIEREDNT L ~r, Table 74 155 05
BWOORE20ke) #EH L, FED Ay — A& iRE
L, 15mme DR it LAk, #EAUBIL

Table 7 Chemical compositicn of Fe-Mn-S system steel bampies (wt 79

ba mple N 0

P

P

N

Mn | s ‘ Al
oo -__0.."0_(;-5___._ﬁ._O_C'mﬁ_m‘-__mﬂ. ol | 0.0107
0. 50 0. 006 0.0 | 0.001 0. 6092
0. 91 0. 007 6.035 | 0.001 0. 6109
1.29 0. 007 0.036 | 0.00] 0. 6099
1.62 0. 009 0.03¢ | o0.001 0.0109
e | ooows | voss ool | 0 o099
oo 0. 003 0,039 trace 0. 0676
o Docoz | 0.060 0. 001 0. 0083
0.88 | 0.003 |  0.048 0. 001 0. 0891
1. 21 0. 003 : 0. 061 0. 001 0. 0099
1. 46 ) 0,002 : 0. 061 0.001 0. 0095
Lol ‘ o008 | es ool | 0.0108
048 | o008 G120 | 0001 0. 6094
0ol | 0007 6.113 0.001 8. 0095
LoLm L oo 9.112 9. 001 9. 0099
Lo | oo 9,112 trace 0. 0089
I o8 oo 0.062 | trace £.0088
0.5 0,007 0. 062 0. 001 0, 0056
0.55 0,606 0.063 | trace 0. 0088

0

0.0189

0. 0158
0.0103
0. 0086
0. 0067
0008
0.0175
0.0103
0. 0113
0. 0089
0. 0082
0. 0154
0, 0230
0. 0087
00108
0. 6079

0. 0094

4. 0127
0. 0083
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72— a)_l\lfi&:fi’g%ﬁ L, WREE:, 7 OAAIA R D
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s, ERHE, *‘(Btf“ff?{%f (b r - EER <) L,
NGB A M U i 3 A B L fs 4 o A f
B a,

UEEL O, R R L b o OH o
Fralitme, Tofaa@EmigE o pH a1
L, ffixeASq a4 4, o8k, s imee
#7 CEBeT) B 1 o v RIS A feL T, i
[ A W 5 &, BERsE~o O 1 % v

DR WA RIET 4 oA oa L. 1 A B L

Eoo LRSI CIr e S 8Ty, AR

Eebig oo pH 1300 L S Lo, Bl i &

pHiz, Wifgdrn, 6. 0~6. 4 OFIMP s X 4,
3.3 EBER

Fe - Mn -5 S0 A8 (40701 Table 7 22101
FeS Moy 5 (5 arm) & MnS Rl S
(S usmns ) Mordilr R U745, Table 8 o<
TL AL, Saswees & S asway OHIIMMOES i
EX E LTRSS, KR L S ko Rk

| VR AN

Table 5 Analytlcal results for Fe-Mn-5 system steel sainples, as forged {wl % in sleel}

Sample Neo. ‘ Taken (mg) S us Fes

1 ‘ 18. 040 §.007
CR 16. 291 9.007
A ;0 17. 161 0. 005
4 17. 849 ! 0. 002
5 18. 497 0. 004
i I w607 | 0013
7 22,279 I 9. 009
. 5 19.947 i 0. 007
9 17. 582 0. 005
10 20,007 9,006
1 18. 266 0. 004
2| 17.855 0. 035
13 | 19. 105 0.010
C 14 18. 864 0. 006
15 17. 683 0. 007
16 17,553 0. 006
I w6 | 0. 008
D BT 14. 168 ‘ 0. 007
] T 18. 205 | 9.012
* By u)mbust:oﬁ volumetric method

S us Mud isénﬁfli as ['eS Total S in s{eel*
777777 0.0025 o

(. 028 0.5 0036
0.031 0036 4.035
0 032 0.034 0.036
0.034 0.038 9.024

) _UA 044_ ) 1. 067 0. 065
0. 058 0. 059 : 0.059
0.057 0. 044 0. 060
0. 044 0,049 ! 0. 048
0, 6546 0. 062 i 0. 061
0.059 0. 063 | 0.061
0. 081 0. 117 0.115
0. 103 0.113 0.120
0. 106 0.112 0.113
0. 107 0114 11112
0111 ! 0. 117 0112
0.050 ! 0. 058 0.062
0. 052 0. 054 0. U62
0.057

0. 063
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Table 9 Change in composition of isolated residues with glyvcine solution treatment of hydrogen raduction

freatment
Sample Nao. Sm‘(‘mn w used (or X- ru) diffraction ‘ eSS | alMns !(.\’h\-FD)S‘ }('3(, | Mn0O | «Fe
| Hm( imen {A): ‘ ‘
clectrolytic isolation residue from stecl n,d n,d [ 40 4k n,d
sample !
‘ Specimen (13} :
Ci2 I specimen (AY wag (reated at 100°C for I n.d n,d ++ | + 4t 4 n,d
1min in 102 glycine solution (pll 3.5)
,
Specimen (C):
specimen C13) was heated at 7000 - on.d 4 n,d B n.d [
| for 4h in 11y atmosphere ‘ |
- - | - ] — - - . X
P Specimen (A} |
i n,d TR S r,d : H n,d n,d
S ‘
! Specimen (1) 3 | | |
CIs ‘ on.d [ nd ! nd n,d n,d
1 i i
| ‘ |
‘ Speaimen () |
! n,d 14 nd , mn,d n,d -+

Relative intensity of X-ray
+ + + ! s'rung, + 4+ @ medmn, 4 oweak
n,d :not detected
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Table 10 Chemical composition of Fe-8i-Mn-S system steel samples {wt 25

Sample No. | ¢ | s Moo | P s owa |y o
) | 20 0.007 B 3234 ! = 0.0 ' (5}.()“2 | 0045 o .01 ‘ . UUE‘Z‘I ! . ”'”'3:’1
21 : 0,010 ; 3.25 0.0%8 : 0.0t . 0.024 0.003 0.0060 0 _0p0y
S i 2 0,010 3.30 ' 0. 281 i 0.00] 0029 0.t ) ), 0065 . G.0910
23 ‘ 0.002 3.14 ‘ 0,520 ‘ 0 0t ‘ 0.027 : 0.006 | 0.0028 00017
2 } ‘ i (405 i 00613 ! ORI

3,005 724 010y goopr 0.03%

S LR B, Fig. 6 e o, Mn 5y

o > 4+ ..
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UM s 4 S ﬁ?Hﬁ]"meu’m e b 2w TEAMEOMISLNN A L oAb 4 L,

0.4 a Sample No: 520 Ll ih' Sample No: 821
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\_ | /. \/7//

— e
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S 0297 ; S 000270
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G.02 | e \ 0021 Fomse”” \
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Fig, & Experimental results for the behavior of sulfides in 3.3% 5t sleel under heating
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I ound S (rm,)
FeO ]
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e ——— e [ - - - -
ZO 8 i Lrace .05
20, '} trace
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® : S remained in sample after heating treatment (by gravimetric method)
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o 0
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