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Determination of Ultra-low Content of Carbon in Steel by

Infrared Absorptiometry after Combustion in Electro

Resistance Furnace

Yukihiro KURAKAKE, Tomoyuki ICHIOKA, Kiyoyuki TANAKA and Morihiro HAsEGcawa

Synopsis :

An analytical method has been developed in order to determine ultra-low content of carbon in steel. In
the method the specimen is heated up with relatively slow speed in electro-resistance furnace and the
infrared spectrum detector has been linked with data analyzer, so that the combustion behavior of carbon

has been able to be detected and analyzed in real time.

By the method CO; originated from carbon adsorbed on the surface of a specimen can be separated from

CO, taken rise from carbon in the specimen.

Thus less than 10 ppm of carbon in steel can be analyzed rapidly with high precision.
Key words : analysis; ultra-low carbon; steel; data analyzer; combustion-infrared absorptiometry.
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Fig. 1. Block diagram of the apparatus for analysis of carbon in steel.
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Fig. 2. CO, extraction peak patterns.

B2 AE L. 2OMBL 2N EN Fig.2(b) B &
C(e)iRLz. (a) & (b) DlEicLy, b
EOHTEE OGRS %2 b & REERFIRE L 2
E=2Thh, g7/ (a) & (c)olkBickn, Qi
AT T BRBEENICHEA L v FTABICAEL 2R D
BRI EI DM — 7, OS5Ik po R L =
NZ-BAPRFEOMB Y -7 THBHZ L hbrs (LLF,
ENEFRE—27D,QBLUREHTS). ZofERLY,
KRB BUBREFHTIE, (a) DZonHHEY—
TOEMEHEERFEAREE LT T4bb, B0
ERILOBLVOD Y — 7 ([CHYT 2 REBINE S
A, BEABRMTRZOEEI/INEW. LhL, RE
GHEPHEIC L2101 T, OB XLV0QPHHEED
KEGERE L oTWBEWVWE S,

B, INTTIXLRAMNEREZEDHFEEISIGRH S,
MEBRREOTITEOBFTICB VT, REHHILE £ 02
KN ERFLRE L - BREETAMEITbATY
LAHL, ook, BRI ES
FiEe LCHRBATA S L dWEETH - 7.

3-2 REMNBERELRPRFEOHMEE -7 D35

WHPOADKERYERT H0I1213, RAMNERE
DY — 7 P RFOMB Y — 7 2 E IS 2
CEDVLETHD., COFHEFAREE 2 HERE LT
ABHIFOKRE S (UTF, MELHETS) B8 +7i
HHREN/NS CHERBAR R Z ) AEREOMIE
K=V LDBELRYPELDLIENELLNS. 22T,
(Rl — kL % =B R ORI 1AL L A & o LR
FombiMR L Ko7 (Fig. 3). X 0 508 A% 200
um LLFCit, BOMBESIEFIZRLQOY— 2120
DE—7HFEL), HEE DTS L IRTETHS.
LA L, SRR LTI E LT v 2R 1o am
L72250~1250pum BL U 5mm O 7T » 2 12K L
ZHEBTEQOE -2 QDY — 7 HHEEIITESN L
ZENDbhD.

RFESHTHOERERE L LCEH L Tw a3 o8
% Photo. 1 IZ7R 3. [M L BCS T4 088-1 i, kifEs

%270,

— 126 —



N LU G L e PE Ty 465

Sample size : <200um

O+@+®

LA\

Intensity (uV) x
(=]
(=3

J
o
8
1

12 24 36 48 60 72 84 96
" Time (sec)

108 120

o

Sample size : 250~1250um

®
l

AN

L\

12 24 36 48 60 72 8 96
Time (sec)
5000 em (S F)

=1

>

S Intensity (uV) 3
g (=3

o5

108 120

3
=3
(=4
(=3

Sample size :

12 A

12 24 36 48 60 72 84 96
Time (sec)

9

& Intensity (uV)
N

c‘.‘—f

108 120

Fig. 3. Effect of sample size on extraction peak
patterns.
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Photo. 1. Appearances of standard samples.
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Fig. 4. CO, extraction peak patterns from stan-
dard samples.

KhBEIICHART A EDPULELEVRD.
3-3 EEMNBFRFEOREEEFHEIR

WE, OREMTETOBE, ARERNIC X ZEEHEN
B R SRR T O BMBE & & O EIC X ) RETHRD
BEBLLOMCELTwS, ThbnkEIl2» T
W CRE, BESATVwAYD T REMNERELE
BHETAEICL s THRESA TS Z L 2L
H DA,

ZZCHi L - RANEREOE -7 QBT
Licky, REMEREOREFFEICOVTRE L.
KEAEM 2 REROKRDLLI LV Smm AO 7T » 7
FARICHB L, @ HEYELQONE— 7 OUBIKED
ERAFELEREL Fig. 5 WWRT. MhyFu
I—F NV TOBEWRKEETIRAMNERE L TER
FFTBIERTERVWI LD bAA. O L, A
BRI X ABMELBERRERECEES ICKRETE SR
WEELABILEMOEENSH LI LERLTNSY,
—F, BRI X AR TR BEHRATKE <,
BEAEBRETHIENTE, LaL, YHIEEOE
&, BWMWERE£1T) L IWNBTHD. Lo T,
BMEREOSHIIBVTIE 5mm AEEO 7T » 7
PFOREIPEFT LD EEZOLNS,

3-4 SIBELTRECRITEEZERAORE
3+4-1 BURMBRBER A — F OB HISRHR

S, RESHCAER T B ERBEHA R — b ZERERIED
% B L LTRSS &5 Lo 1250°C TZEHE
XA R L -, FRITHEHLAMCHEL TS,

— 127 —



466 % & M 45 78 4E (1992) 55 3 F

D
=3
=4
=4

Cleaning : C:HsOC.Hs (ultrasonic cleaning)
=
£
g €
2 I
[}
flr s /Nx
— |
oA~} : :
s MMV IME) 60 84
2000 Time (sec)
Cleaning : electropolishing
= @
2 |
2
2
2l 9 oo
(] l, .
-222

0 12 24 36 48 60 72 84
Time (sec)

Fig. 5. Effect of cleaning method of sample on ex-
traction peak patterns.

20001
Under air

= //
2 In a desiccator

2

% Under argon stream

-~

=

0

=222 R P S s sy s 2oy S

12 24 36 48 60 72 84

Time (sec)

Fig. 6. CO, extraction peaks from baked combus-
tion boats after cooling under different atmosphere.
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Fig. 7. Effect of amount of .combustion accelera-
tor (Sn) on the extraction peak patterns.
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[ Standard reagent : Sucrose (CizHz20,:) I
I

[ Drying : 65.5~66.5C x 24 h|
I

rCooling : Under argon streaml

[
[ Dissoluing : 2.375¢ (into boiled water) |
I

[ Making constant volune : 1000ml (1000ug-C/ml) |
I
[ Dilution : 1~100ug-C]
I

[ Addition : Micro pipette (50u1) |

l Drying : Under argon stream !

[ Determination : 1250 T x 120s |

Fig. 8. Preparation flow of sucrose standard
solution for calibration.
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Fig. 9. Extraction peak patterns of CO, from su-
crose.
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Table 1. Reproducibility of determination of car-
bon in sucrose.

Carbon added Carbon found (n=5)
(ue) Mean (ug) Range (ug) o(ug) | CV(%)
4 4.13 0.26 0.102 2.47
10 9.45 0.42 0.196 2.08
15 14.91 0.71 0.288 1.93
20 19.92 1.27 0.464 2.33
25 25.90 0.96 0.407 1.57
50 51.99 1.25 0.507 0.98
100 100.01 2.16 0.996 1.00
5l
"%
3
=
g3
£
§ 2~
s
-
g 1= Standard reagent :
Sucrose (NBS-17D)
0 | | ! | |
0 1 2 3 4 5

Amount of carbon (added) [ug]

Fig. 10. The accuracy of analysis of trace amount
of carbon.
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Table 2. Analytical results of carbon in standard steel samples ( ppm).
Sample JSS 002-3 JSS 002-3 JSS 002-3 JSS 002-3
(St'd Value) (C:9 ppm) (C:10 ppm) (C:11 ppm) (C : 84 ppm)
n Adsorbed C C in steel Adsorbed C C in steel Adsorbed C C in steel Adsorbed C C in steel
1 2.23 3.77 1.76 4.67 1.90 6.63 2.59 75.72
2 1.96 3.74 1.87 4.73 1.78 6.58 2.41 75.18
3 1.87 3.85 2.19 4.58 1.64 6.21 1.98 74.98
4 1.93 3.86 1.83 4.87 1.65 6.15 2.02 75.36
5 2.00 3.62 1.81 4.22 1.83 6.37 2.48 75.13
Mean 2.00 3.77 1.89 4.61 1.76 6.39 2.30 75.27
Range 0.36 0.24 0.43 0.65 0.26 0.48 0.61 0.74
4 0.138 0.097 0.171 0.244 0.113 0.215 0.278 0.284
CV(%) 6.90 2.58 9.06 5.30 6.44 3.36 12.09 0.38
2000 lh?ﬂﬂﬂjg—ﬁﬁﬁ}gﬁbf?«ﬂr%ﬂé. Ch65—7’i”b
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Fig. 11. CO, extraction peak patterns from stan- (6 )RS R RRH A GITE L BH L 2248, v

dard samples.
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