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The Determination of Trace Amounts of Carbon in Iron and Steel by
the Tube Furnace Combustion-Conductometric Method

Yasuo INOKUMA, Takashi OCHIAL and Hirofumi KURAYAsU

Synopsis :

The useful method is described for the determination of trace amount of carbon in iron and steel by the
conductometry with the aid of microcomputer. That is, the carbon dioxide is evolved by combustion of
the sample in the stream of oxygen and then absorbed into the sodium hydroxide solution for measurement
of conductivity. The following results were obtained :

(1) The concentration of sodium hydroxide solution is decided by the theoretical calculation in order
to measure the conductivity shift based on the absorption of the carbon dioxide below 100 yg as carbon

and the reasonability of its concentration is also confirmed by the experiment.

is 0.0025 mol dm~—3.

The optimum concentration

(2) Carbon of 0.5 ug can be determined by the present method, because the output of the conductiv-
ity cell is treated by the micro computer to improve S/N ratio.

(3) Carbon adsorbed on the sample surface can be eliminated by heating the sample at 430°C in oxygen
stream or etching chemically the sample surface in the mixed acid solution.

(4) The certified values of the certified reference materials on the market show generally tendencies
to be on the high side in 4~8 ppm because of carbon adsorbed on their surfaces.

(5) The present method is useful for the determination of carbon of ppm order in iron and steel be-
cause of the high sensitivity and the simplicity in the analytical procedure.
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Table 1. Calculated result of conductivity, pH
value and dissociation degree of COZ  and
HCO7 in NaOH solution of 10m! absorbed
CO,.

NaOH (M) | C ) | K Gus/m | pbt | (200 )/ EICOY
0 621 11. 4 — —
0. 0025 25 556 11. 3 0. 908 0. 092
50 493 1.2 0, 889 0,111
0 248 11.0 — —
0, 0010 25 189 10. 8 0.748 0. 252
50 140 10. 5 0. 608 0. 392
0 124 10. 7 — —
0. 0005 25 75 10. 3 0. 409 0, 591
50 51 9.5 0. 127 0, 873

(#S/m) : Micro-siemens, [T - C] : Total carbon concentration
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fERFEOBRIR TR/, FDORIY CBHEED K\
CO~ MAERTHA, KEEF 1+ Vv ADBREINEL
Tehud COF- o—FrmksEL, HCO,- & OH-
Wi h BEEOE{LX/NXLT5. Table | O EfER
Tix, 0.0025mol dm-23 DKEMEF + U v ABE OB
A, 2pg & 50pg REMEUOMLRE O B I T
CO:™ o HFEH K 0% LEX PV DS L,
0.0005mol dm-3 DKEELF b U v A BEOE A 13
41% »b 13% LRESELTVS. ZoB I
BILRFERINE T » BEEBLEE HAM T %
TERERTS. HHEMARED Fig. 1l @Rl it X o2
0.0005mol dm-2 DKELF + V v AW TEE, D
KELTHhTWS. BRERBAZSBABTSHERED
KBET 2 ) v 2 BEREYBICH S & LI fIER %
ERESTHZERERDZOTHFELL Vv, SREIOHE

350 —————1—————
( NaOH)
300 o : 0.0025M ]
A : 0.0010M
250 o : 0.0005M
A
200+ .
‘f"? (a]
x 150 o 7
0 o
© 100t o b
SO .
0

0 20 40 60 80 100 120 140
C (ug)
—— : Calcurated line O, A, []: measured values

Fig. 1. Calibration curves with NaOH solution
of various concentrations.
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Fig. 2. Conductivity change of NaOH solution by
CO, absorption and its first differential curve.
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Fig. 3. Effect of CO, adsorption by leaving time
in a desiccator with soda-lime.
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Fig. 4. Effect on amount of ccpper added into
sample-boat as accelerator.
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EENT KD X 51 LTIFo7-. 430°C mif & 1380°C
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Fig. 5. The first differential peaks by adsorbed
carbon on sample and carbon in sample.
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~3% HmMLAER (FR) ¥ », 7RO EERAS
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AT LR, BRELSOLKEBEE - ORIIXIE
FEBHCBERYA DY, WHHEE 14.4mg/min. HF
(%) THote. SOMKKBBENBBELLERE
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Fig. 6. Effect on dipping time of the sample in
the etching solution.
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Table 2. Repeatability.

n=10
BAM 043-1
Sucrose Preheating Chemical
at 430°C etching
T 10.1(pg) 5.9 (ppm) 5.6 (ppm)
A 0.09 (ug) 0. 17 (ppm) 0. 18 (ppm)
C.V.(%) 0. 89 2.9 3.2

0.5g was weighed in BAM 043-].

e Z R TE DT, KEeDk® 5min i@
BTz i Lt
45 RIFEE

(1) WHEE

LEOBRERY b Lic, B Lo WRFCiEoT
BRBE L RO IERY Table 2 R L. BEGME
BUCV5 L IR ORFRE 10 pg KEETOEER
EREBHHRBC LTI Y UTThy, RESHER OB
BREIFEBCRIF R Lovbhot. kiC, EERE
(BAM 043-1) w X 5 HEKEE L ZHHEEC LT3y &
BELREFTHY, FHEGAERERFCH 1 430°C
B LALFHEEORETL W —REYRL, B0k
W Z EAbhDT.

(2) BERABOSWER

TR SRR DO /it % Table 3 125k Lve.

430°C BEE D 5\ IMEFFBEE T S CHEREL
BRELBORBFOREOMHEILHE I\ —FKA T L,
HERBOBRKZEE LT, WFhoFELRELTL T
WCEDHER T E S, 430°C B CER L ERE
B2 4~8ppm THH, W FhoEERRC L EEL T
WA I EAbhyoT.

BEEEE AE ORI PREOEREETIRE LR
DHRD L. BiL, FEORBFRERDOERMICH
BEREEML CHERED HHREFTEHTH LM, 20
RO XEERLREABRC V0T, BEQEREE
EEWORBRBEVBEREL D B2D7- 132 frue,

5. #&

WHINBIFRBE-BHEREED SN o LAt
Llcd, =4 7vav, —2—FHCTF—- 2 NB%
fIolfER, 0.5ug ORBREOTEEMNFEEL /1t b,
ROX 5 ERHLNE DT,

(1) 100 pg UTFOHBEREEED 0, —F 1L K}
ROBIETHHKBIEF 1V v 28 10ml DR L

i

Table 3. Analytical results.

(ppm)
Sample Stated Prehenting method Chemical etching
value | 430°C | 1380C
Leco pure iron 10 3.7 2.5 1.6
BCS 26014 15 8.4 4.5 1.6
BAM 0431 14 6.5 5.3 6.0
BAM 044-1 25 7.0 19, 4 16.5
JSS 001-1 48 4.5 40. 4 39,1
JSS 209-2 64 4,2 56. 6 57.6
JSS 200-7 81 6.4 72.7 71.7

Leco pure iron: Pure iron prepaved by Leco corp.

BEEL OBRYERTEC L O RDBR, BEKO
EAR M & BEE OWRIRZE(LIH O 5 ¢ 0.0025 mol dm-3
PERETHAZEXRH L. ¥, COBENEY
T ERL IR CFR L RER) D L EBR
FEBRT & 7.

(2) ZBLRFOBRIUC X 5 KBE(LF b Y ¥ A1AN
DEEEFEY, =1 7/rav . —&—T2%RESL
TIRBO DO — 7B LR T HAYBREL, FOER
YRALTCEEERLEERRDDL L Xy, BEEr =
REORIC X 2R E BETEL L Lbic, SN
dmEl, 0.5 OYBREDERI TR DT,

(3) BBer 2A0EEFE 1380°C s L CAERL
TBERFEEY Y — £ 54 A TRELTERL, e £
— MADHTERNC 1380°C oRFES AT 10 min
ZEREE LTI L, REGREEEIC, BIYAKI L LT
ARV B B L 2TEEF 5 A LTCEHEARLE
fToz bk, »oREBREY 1 pg T cs,
COFRBRMEOERNC X 5B EA KB/ T &0
TEI.

(4) ABEEROMERKZ, TREZRBTEL 4~
8ppm FAE L TV 523, BMELFHH T 430°C Chndugs
ETD0, BD5VILBRERIEKFE-S L KEBEBERK <1k
FWETLHZ LI LB BRETE .

(5) BEHIZ, RIBEBEORNKZ—FHoD L XiEEE
B DO—E X 77 A SR, 100°C T
I, AREFAUAERETREIRLZ LY
FRTZ 5. ZoLxorblBRERIRERCLT 1.5
pg LAFThot.

(6) BRERIEBUH L XIEEERK CREEMN 10 ug
KETOREOBIRBE L, EBFREc L TlY% T,
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