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Coulometric Determination of Sulphur in Steel

Synopsis:

Kiyosumi MIZUTANI and Masanao INARITA

By varying analytical cond1t1ons in quantltatlve coulometric determination of sulphur in steel, was
established a method by which a favorable reproducibility can be obtained.
Furthermore, a standardizing method of the apparatus was examined and the accuracy could be im—

proved for wider quantitative range.
1. Analytical conditions
sample weight: 0'5~107g
O, flow: 1500 m//min
combustion time:
CO, expelling time:
combustion accelerator:

6 min
4~.5 mirl

2. Reproducibility

The outline is as follows:

Sn 0'5g or Sn 1-0g + Fe 0-5 g (high sulphur steel)

By the use of an SO,, SO, adhesion preventing equipment, the reproducibility is found to be favorable
in both successive and interval test, ¢ being 0:0007%, in the case of carbon steel containing 0-044%, sulphur.

3. Accuracy

A favorable accuracy in quantitative scope between 0-001 and 0-300% S was obtained after standardi—
zation of the equipment by high sulphur steel (0-300%) to reduce the influence of unelectrolyzed remain-—

ing count.

(Received July 14, 1970)
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7oPE il & EAFRR (Na,SO, fafnisi) #950mi #Ah
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Table 1. Relation of count and added H,SO,

Table 3. Relation of combustion time and

analytical value (95).

\Time (min)|
3 4 5 6
Sample \
S48C 0-042| 0044 | 0044 | 0°044
SCM3 0-023 { 0-026 | 0-027 | 0-027
SUS27 0-018 | 0-019 | 0-020 | 0-020
SEH3 0-006 | 0-009 | 0-010| 0-011
SCHI5 0-009 | 0-018 | 0-030| 0-029

Sample weight : 1'0g, accelerator : Sn 0°5g, O;: 2000 m!/min
CO; expelling time : 5min

3.2 GiBHAROEE

licaEn s ClamiEric O, LEGLT CO; &
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THOULENRDS. CO: ORELF e BRSHEEH
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3~4min EHABFYE TH 5. ki, = O OHEIT 2

A = —TfT7e5.
3-3 HRMRBERs
3-3-1  PABERHE

VWis S OSSN E i PRI 2 TN 5 o 2D SR
fico &, MREEREHE 3~6 min T oWTHHAE LR, £
R Table 3 © X5 Smin Ll OBREE BERIAA5E
TH5b.

3-3-2 MREEHR

TR I X D REREE S B R ET B0,
BemtEic o *EmBERE, HBFE, EERco>w
L. ek, MBIEEME 400~500 mA, HR1-ERE
40~60mA T/ 7.

(1) ‘W 54FHE

solution. EEC AV a Table 4 TR
Gount WMETER & kHE% Table 5 iR$.
oun —— e
N/50 H,SO, Difference ZEICEI I X B S EERIE Table 6 0tk T
(mi) ! Measured | Theoretical e i 1 e e p o i
|  value value b9, ST W THIMAIE & RBE RO AR
1 646 643 +3 AEEBRONS. ZoOB%RO—f#l% Fig. | Ry,
2 1288 1286 +2 Sl Ve B A
3 1921 1929 ~7 (2) wekd>ahd
4 5375 %g? +2 Fmvk S5 EFEH (5>01100%) 54, BRI % E
5 11 5 - o pnd = -
My 5/, MAEEREVWESEEHO /2L L.
Table 2. Relation of count and hour between start of combustion and electrolysis.
Time (min) | [
Sample \ 0 1 2 ' 3 4 ‘ 5
B (<10 ~
SWRH6B 0-85 475 411 410 397 399 405 (count)
SuUJ2 1-01 216 121 101 97 95 94
SK88 1-33 264 157 120 112 111 109
21-4N 0-49 630 639 623 60 604 609
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Table 4. Samples for combustion conditon test.

Sample S (%) Sample S (%)
S48C 0-042 SUS 27 0-016
AISI 8735 0-020 21-4N 0-055
SNCM 23 0-015

Table 5. Factor and level for combustion condi-

tion test.
T Level
Factor — 1 2 3
A : O; flow (ml/min) 1 000 1 500 2000
B : Accelerator. Sn(g) 0-5 1-0
C : Sample weight (g) 0-5 1-0

LOMBEEDORATC X 5 FRTE2MEZ IS <7 EY)
I BhRRIE Z RET L 7.

EBICAWRRARNL, Wi 5 REIR (S=0-312%)
XU SUS 60 (S=0'270%) Th5.

BT ER & kgL Table 7 1077 .

Table 8 D& <, Vi 5 REIETIIIRAIC X 2T

BERAEL, PRAOEKETD 95% FHERMII,
28, =0"301~0"307, up,=0°'309~0-315 (B,=sk#E I,

0043 I 0060
0042 . p 0056 : /‘3
2 0041 / —{ ;e 0052 .
in 0040 - © 0048 /
0039 | 0044
BI Bz BI 82

(a) S48C

Lma=n 2 C, .

(b} 21-4N

e—oe : C,

Bj : Combustion accelerator : Sn: 0'5g
B; : Combustion accelerator : Sn: 1'Og
C; : Sample weight 0'5g
C;-- Sample weight 1'0g
Fig. 1. Interaction of combustion accelerator and
sample weight.
By=/k#2) TH5.

DL EDEBR»L > EOEEBPMA L. (1)BERE
1%, 1000~ 2000ml/ min 2 CTEIT7\v. (2)E08E
ER XUPBAIRC XOTHIMEREERXEYN DY, T
YER D38V & IRV 5 SRS RCWIBIIRE] (Sn)
0-5g, #ft 0°5g TREEEZTT. (3)BEVH5My
MRFCHEBERES 0'5g L&, BIRAIEL T Sn

Table 6. Analysis of variance results about combustion condition test.

Sample
Factor T———2PlY s4gC AISI 8735 SNCM23 SUS27 21-4N
A : O, flow
B : Sn weight * * * *
C : Sample weight * * * *
AXB
AxC
BxC * * * * *

* : Significance subject to 5% risk

Table 7. Factor and level for combustion condition
test of high sulphur steel.

Level
Factor ] 1 2 3

A : O, flow (ml!/min) 1000 1 500 2000
. . Sn 10
B : Accelerator (g) Sn1-0 +Fe 05

Sample weight: 0-5g

Table 8. Analysis of variance results about com-
bustion condition test of high sulphur

steel.
Sample Free cutting steel SUS60
Factor (5 =0°312%) (S =0-270%)
A : O; flow
B : Accelerator *
AXB

* ; Significance subject to 5% risk

1'0g & Fe 0'5g+Sn 1'0g 5L, FD3%X
BECRERLN D VW ERECHBSEHIEE R

3.3.3 I5.2

BB E U CGREEA S % Fe, Cu, Sn 2w
TR FAER L. FHEEX Fe 1'0g, Cu0'5g,
Sn 0°5g &L Cu, Sn ik Fe 1'0g #ig& L. -7
Z 2%, Fe:0°0059%, Cu+Fe:0-°0079%, Sn-+Fe:
0:005%~TdbH Sn OFF 2 EEHL 5 5. 7t3s,Cu
OGS, MEMOL LHIBAHHT 5 & Sh a4t
CotrEBMREZ R TAERSH L. EliRomiEos
ST X B ET D07,

3-3-4 FEAEEOLIEMH
TEkOBEEBREE 3 5 B2 RE TIE 1 BB DS
EMMEEE T EASS 50T, SHEEOEREI S
XIETHEEPHAE LA Table 9 @ X 5 FiERED
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Table 9. Influence of analytical interval to
analytical value (%).

T B !
A (min) T - ] 1 2 ; 3 4
1 0°046 | 0°046 | 0-046 | 0'046
3 0-046 | 0046 | 0045 | 0°-046
5 0-045 | 0-047 0-046 | 0-046
10 0:046 | 0-047 0-046 | 0°046
30 0:046 | 0-047 0-047 | 0°046
60 0-046 | 0-047 0-046 | 0:046
90 0-046 | 0-047 0-046 | 0-047
A : Analytical interval, B : Successive analytical times, Sample :
S48C
PEHIERD LI H D7

4. E B % #

PLEDFERFTTORBR, EREHEZOFDOLS>CIREL
7.

V2 590 (<0°100%) : 1-0g

=W 58 (=0°100%) : 0°5g
(2) Rsedtt

BRZEmA - 1500 ml/ min

PREENGTH © 6 min

CO; EXFEIFR : 4min (7o 77 LtZAEHIE 5 min)
(3) BhAHY

K k548 : Sn 0°5¢g »

BWE S5 :Sn 1°0g +Fe 0'5¢

5. B B’ #

LEREEESFZMHTO RN Table 10 Xk T
»%. 27, SHMEOBRM BEM TRERM (S=0"044
%) T o=0'0007%, I S5REIEA (S =0'327%) T
a=0'0063%Td 5.

6. SAPTERRE

SHTFTERERT % Table 11 2777
Table 10. Reproducibility (1 hr interval).

SampleI S48C Free cutting steel
n K<) (%)
1 0-044 0-328
2 0-044 0-325
3 0-045 0-335
4 0-043 0-324
5 0-043 0-321
6 0-044 0-332
7 0-044 0-326
8 0-043 0-325
F4 0-0437 0-327
o 0-0007 0-004°

Table 11. Analytical time.

Operation Time (min)
Sample weighing 1
Combustion 6
Titration 0-5~.2
Calculation 05

Total 8~9-5
]
>
3 sof
4 . . - =
o L . /‘:”7. e
. 30—
£ w./
o
£ "/ i
€ 10 i
1 1 I 1 [l ‘
(0] 4 8 12 16 20 24 2 32 36

X100
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X i Count by oddition of H;SO. solution

Fig. 2. Total count and unelectrolyzed remainder.

Remainder Count
w o @
/_,__—-'6"—

]

\. Blank level
\ -—— ® - |/ o |
| 1 1 1 l 1 1
0] 6 12 18 24 30 36 42 48 54 x10

Time (sec)

Fig. 3. Behavior of unelectrolyzed remainder.
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Q‘g i(_ Count

Standardization point

S %
Ideal calibration curve
——— B: Experimental calibration curve
—=-— C: Ordinary calibration curve

—_— A

[4

Fig. 4. Influence of remainder to the calibration
curve.

BHEFE—FEL 40 A0 MNMIETHD. ZOEREHY
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7-2 RKEREBRBHVY MOEEECRETHE
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BB EROREMIIBTHS. LIAPKET VTR
FTRFIC ¥ v b RFEAE O TEE OEE(L 2T X1,
FOBBHIIC LB, LchHh o TEELA XD EVWE
HMTRESWEIEEI 0EL LS. Thbb, 0040%
(hov MME 800) DIZHE B CREZIZEIL LSS
A,B,COLMREMITA : y=21000x, B : y=21000

x—40, C: y=20000x L75x%. E#, 0°300% (H

> ME3000) oK CERLLIEENR, A p=I10
133x, B: y=10133x —40, C: y=10000x &7z
5. X OoTHEBELRCKE Uz GHEME) 13 Table
12 o X 51T %,

Table 12. Relation of standardization point and
analytical value (calculated).

Standardization point
\\\\\\\\\\“““‘*-~\\\ 0-040(%) | 0°300(%)
Correct value(%) -

0:020 0-019 0-018
0-050 0-050 0-049
0-080 0-082 0-079
0-150 {0-iol 0-148
0°200 0-216 - 0-199
0250 0-271 0-250
0-300 0-326 0-300

7.3 BIEER{LEZEEBIEE

BEDX>5ic, REMFEES Y e EH T
IEAEHE( L ST X S IETREE L ORIREI L <V B S HTRGTE
ﬁE(KDﬁ%%ﬁKﬁbﬁw-LkﬁOT,%%%E
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SHEERCOVWTEFOMERZTLS> Xy BiFk
EESZLND.

ks, BRTTOHE, BESD, >EOSH AL~
D #Ex Fig. 3ICRON 5 X 5y 30sec T 50% (38
BT 20 hoN) WEAL, RBEEl gL
C 00012, L7 nEFEMEELDL v, Xk
ORBEYENRT S E X213 2minl LOBIRTERT 5
TENEEL. ’
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Table 13. Accuracy.

Analytical value (%)
Standard
Sample Kind value (%) Before correction After [(A)—(B)
A) correction
1 2 3 z (B)
JSS 502-1 SCM4 0-011 0010 0:010 0-010 0-010 0012 +0-001
JSS 503-1 SNC1 0°020 0-018 | 0-018 | 0-019 | 0-018 0-020 0
NBS 15f B.O.H. 0032 0-028 0-030 0-029 0-029 0-031 —0-001
NBS 8i Bessemer 0°060 0-057 { 0-061 | 0-059 | 0-059 0-060 0
Daido’s standard C-steel 0-043 0-042 0-042 0-042 0-042 0-043 0
7 SUMIB 0161 0-157 0-159 0-162 0-159 0-161 0
v Free cutting steel 0-239 0-243 0-238 0-237 0-239 0-239 0 -
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HE: 242195, 8460
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