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Rapid Determination of Small Amount of Carbon on Steel Making

Process by Emission Spectrometric Analysis

Takashi SUGIHARA, Masayuki ARUGA, Keizi SAITO and Soichi KoIsHI

Synopsis :

A rapid determination method of small amounts of carbon on steel making process by emission spec-

trometric analysis was studied.
on an analytical value were made clear.

In this study, the influence of sample surface and measurment conditions
The followings results were obtained.

(1)ZrO; abrasive paper was better than Al,O; one for the surface preparation of sample concerning
analytical precision, while the grit size of polisher had no influence on analytical results.

(2)A sample surface of small amount carbon had a thin and smooth layer by electrical spark remelting
compared with an high carbon steel sample, therefore it results in necessity of less time for pre-spark-

burn.

(3)Regarding the carbon spectral line for analysis, C( I ) 165.8 nm was appropriate for the range below
0.01% content and C( I ) 193.1 nm was better for the range over 0.01%.

(4)Interference for the carbon spectral by coexisting elements were not observed, however the presence
of Al;O3 inclusion had influence on the carbon intensity. The interference might not be reduced without

the classification technique of calibration curves.

Key words : emission spectrometry; small amount carbon; sample preparation for analysis; interference of

coexisting elements ; element analysis.
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Table 1. Instrument and operating parameters.
Spectrometer Shimadzu vaccum quantorecorder
GVM-1000 and GVM-1016
Discharge type DC-LVS
Operating parameters,
Excitation sources™ SG-400  SG-200
Inductance (pH) 3 150
Capacitance {pF) 5 15
Peak potential ( V) 20 420
Peak current (A) 180 320
Duration time (us) 60 250
Burning (Ar : 10 [/min)
Integration time (s) 741 10+1
Spectral line
C 165.8 nm 193.1 nm
Fe 271.4nm 287.2 nm (as internal standard)

%* : Triggered capaciter discharge unit
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Table 2. Chemical compositioln of samples (%).

Series C Si Mn Al Ni Cr Mo
Fe-C 0.0006~0.01(10)* <0.005 <0.01 <0.005 <0.01 <0.01 <0.001
Fe-C-Si 0.0006~0.01(5" 0.001~0.6(5) <0.01 <0.005 <0.01 <0.01 <0.00t
Fe-C-Mn 0.0007~0.01(5, <0.005 0.005~0.5(5) <0.005 <0,01 <0.01 <0.001
Fe-C-Al 0.0006~0.01(5) <0.005 <0.01 0.001~0.4(6) <0.01 <0.01 <0.001
Fe-C-Ni 0.0006~0.01(5) <0.005 <0.01 <0.005 0.01~1(5) <0.01 <0.001
Fe-C-Cr 0.0007~0.01(5) <0.005 <0.01 <0.005 <0.01 0.01~2(5) <0.001
Fe-C-Mo 0.0006~0.01(5) <0.005 <0.01 <0.005 <0.01 <0.01 0.001~0.6(5)

% : The figures in parentheses indicate the number of content levels

Note : Contents of other elements were below 0.001% for V, Nb and P, and below 0.01% for S, Cu and Ti

Combustion infra red absorption method

Sample Precombution Combustion |} IR/measurment Data calculation
preparetion (460~ 600°C) (1380°C) and analysis and transportation
k— +— — - 4
60~80sec 150 ~ 180 sec 150 ~ 180sec 90~ 120sec

Emission spectrometric method

(Total : 450~560sec )

Sample . Data calcutation
preparetion [ ] Analysis and transportation
: +— |
15 ~ 20sec 20~ 30sec
(Total: 35~ 50sec )
Fig. 1.

emission spectrochemical.

Comparison of analysis method combustion infrared absorption spectrochemical and
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Table 3. Reproducibility of small amounts of
carbon analysis for sample polished (%).

A1203 ZI'OQ
Carbon abrasive paper abrasive paper
Standard content >y
de(vi;xg?n #60 100 60 #100
o
0.0028% | 0.00044 0.00031 0.00019 0.00016
0.0018% 0.00035 0.00030 0.00021 0.00013

*¥1:0= 1/127(5 —2;)%/(n~1){ where x; = analytical value 2=5
*2 : Grit size

,"\.
30r ' .
o __ Al303 abrasive /\E/O
— ’ paper
3 :
e y Zr02 abrasive
> .o--®
22200 & paper
.g E /'
g | o
£ 1.0f
C:0.0018%
7710 20 30 40 50 60
Number of using of belt grinder
Fig. 2. Relation between number of using of belt

grinder (#100) and reproducibility of carbon.
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Table 4. Relation between cutting time and ana-
lyzed oxygen value (%).
Cutting time (s)
2 3 6 9 12
Nonpolished 0.0058  0.0049  0.0105  0.0179  0.0251
Polished 0.0050 0.0052 0.0054 0.0048 0.0050
( C:00018°% ){ J
o %)
S 06 || Oxidized layer surface™’ | Polished surface
o
>
@ i
5 0.3
£
0
0 5 10 15 O 5 10 15
Discharge time (s )%2
*1 : Cutting time 10s  *2: Using SG-400
Fig. 3. Intensity-time curves of carbon.
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. | 06 _ $6-200 |
S SG-400
@ 0.4
> ’ '
< 03
;50.2
0
5 10 15 0 5 0 15

Discharge time (s)

* : Polished surface

Fig. 4. Relation between normal spark and high
powder energy spark on intensity-time curves of

carbon.

The arrow shows electrical discharge hardening layer

A:C0.08%

B : C 0.0024%

Photo. 1. Comparison of electrical discharge

hardening layer

(cross section).

Table 5. Effect of high power energy spark on

analytical preci

sion (%).

Carbon
Standard | contents

Preburn : SG-200*!
Integration : SG-400%*2

Preburn : SG-200
Tntegration : SG-400*3

deviation
0.0028
(@) | olo08

0.00019
0.00016

0.00015
0.00017

%1 : Preburn time 3 s

*2 : Sampling pluse number 1 800 pluse
*3 : Sampling pluse number 1600 pluse
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Table 6. Comparison of spectral line C( T )193.1 nm and C( T )165.8 nm on analytical precision (%).

Carbon range
Spectral line
0.001~0.01 0.01~0.05 0.05~0.1 0.1~0.3 0.3~1.0
Standard deviation (o)
C(1)165.8 nm 0.00019 0.0028 0.0038 0.0058 0.0073
C(1)193.1 nm 0.00059 0.0027 0.0035 0.0039 0.0068
_10 10 10
£
Q
= 5
(8] S 5
4
[ 8 So o ° ®
S LACR oot~ o
03 0.6 0.5 10 1.0 20
Si(olo ) Ni (.Io ) Cr (.lo)
~10 10 | 10 I
€
8 3
~ 5 sl— e o | 5
u )
3T o Lo 08 |
ce g o o o - o (o]
0 o—g—1o— 0 Ols 2; .;%
0 0.4 0.2 04 ° %03 06
Mn (%) AL (%) Mo (% )

AC : Difference of chemical analysis value O:C(1)1931nm @:C(1) 165.8nm
Fig. 5. Interference of coexistence elements on determination of carbon.

0.3t 015} C(1) 1658nm
l‘=0-72.‘
°
- i >
3 coe
8 02t o § oa0r R
> ),}’ :a /,' [
B A o o 7 ® r=0.76
§ o"/ O e o%nm
c & q e 9 oo °
~ o o 0.05f s
. Y P (-]
53"/ o-® °
& *Al killed sample s
L ,%{(
0 005 010 015 0 003 006 003
Carbon (% ) Al acid insol. ( %)
Fig. 6. Comparison of calibration curves non-Al Fig. 7. Relation between insoluble Al and
killed samples and Al killed samples. AC /carbon.

ErDOEBIEEERY »6b, T2, Zi%k, Ttk RoBA ARBETEORENE, B A &< s O SR
KB L HGWTHAEL TS, Fig. 5 R LX) s LB LS 2R NBENE L, REBLEL - Tw
RO LN LD o72h, AlICOoWTIREENREOLN 5. i, ARG OEFICEE Al HV
LEE L, BRooshiwiklBadh -7, 72 Fig. 6 12 LhTEYH, AlOBEIEZONDH, Bk~ X
Al S S 7B OB % AR TR L 7275, dkid SICAlDARY PVEBOELRDIZED LR h o 7.



1822 % &

%77 4 (1991) £ 115

F070 Al DFEIZL DD EEZ, AlLO, @ﬁ’/’ﬂ‘L
DWTHRE L7z, Fig. 712 Al $85F L T e vwialkhic
DIERL-RERL ko Cralll, W%&k
NRD7AEE D AC &, Alyig imsor(Alz03) & OEIER
FRL72A, O 2ICH R R oz e
C x4 5% Al %%, HiZ Al & kié%@fu
, BRI ALO3 2L B b D THDH T L AR TE
oo ETEER O ALO; WHEETNVIF I TRAY — %
EELTBY, TRIZERRETAILICK TR S
BRLEZD, 207120, FEFEIBVWTHEC 2
FERCEETHLOIE, Al insor, EI2ED C O
BREERTLLENH L.

5. BREEBESMMTANDER

DEOEBE»SH ORI LD, BEEHESH A~
DR % Kb '

SHTEEE I GVM-1000 RIZEF 0 irass =/ L,
FRNELREETERE L, BV F-KEE, 5
WIGEE O R — 2 WE X BV 7o, i PDA BIGH
ReEL, Fe NBEEDOFENEHED LT 10% ORFNE
AL ERRICA S C ORERE DT BT,
Mg PR ERIRAT A 2 L iC L, OFEE, [
—ABHN 2 HOTIE L Lz, ZOME, KL
FEEE T oy = 0.00015%, RE#EALZ A 7ZHRE LIEEC
06=10.00023% %, F-MEHROEHES L LT o=
0.00025% % #37-. S OREE (o) &, kT2 /7 V¥ —
F (BR) K BHEF I BT BB OKE 0= 0.00005%
LDREL - TWDAH, CEARE0.0016% DL Lok
¥EAOSEL LTiE, PHERLTELRELER
L. NIGEEL(RR) K EBEITIC BT, 1989 6 H X
0 BIEIR F W O —H O BEE MW T & E
HitL<Ttws

6. #&

FSRR I B AME C OREER T BN
Fiod ity e 2 HE LT, AR ORE, WEskRtt

il

EIZODWTERETV, ROMEZH/-.

(1)iH ORI RA#EME 2 ZEB L 2HE, ~Vbr S
AV —ENEZLNDH, EMELTIE IV
TRVBGHREEIIBVT, TVIFRIVERATWS
ifk%ttﬁﬂiMO&ﬁwOTuhﬁﬂ%%u
vy,

(2 ) MR BRAURE 25 AE L 725568, SOtThIE 2 e
WET S 3 CIBR A B L, FRNERNEEET L0
WD B,

(3)MmEARZ PIVHT, C0.01% LTz C(I)
165.8 nm %%, C 0.01% Lh ki C(1)193.1nm 35347
#ﬁ BIlBWTERTWA

)xﬁmﬁm%@th,XN7FWﬁ®E&0®
%%iﬂb%n&w# ALO; MW RGTEEE % 5 <

THRENHL, ZOHELZ, MEHOBRIICL - TH
FKTED.
(5) Mg As, BRIED: OB 2 &t Fic
WECTET.

X Ly

1) #ssr, KEBE=, WELE L, sRsE,

A B L 88, 70 (1984), S1078

s, ASLNFEE, KEEREN, K

G Sk L8, 76 (1990), p. 1932

3) MEREHESC, Gk o, M B ke dd, 73 (1987),
A151

4) PeAfaEA: %5 19 [ A Ed Ak e
(1990), p. 20

5) EEFL, %D,
(1987), p. 1419

6) EWHEHF, BEEL,
(1979), p. 1774

7) SH 1, RO, BN, NURHERE: oaribds, 33
(1984), p.315

8) RHBWA, HERENG, HPE—, 3 B jpHA~2 b
ox by —ERERE, 24 (1989), p. 65

9 ) R. L. KrLLY: A Table of Emission Lines in the Vaccum
Ultraviolet for All Elements (6 angstroms to 2000
angstroms), University of California Lawrence Radiation
Laboratory [ Stanford Research Institute]

™o
~

) |); X

(H 2 Bka s 2 )
FHBRA, M R gk, 73

FWERE T, WS ARG BiL M, 65




