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Some Studies on the Use of Direct Reading Spectrometer for \
’ Control of Steelmaking Process.

BRI P T D

Yoshihiko ABE, Yaké YAMADA and Yasuma HArRADA

 Synopsis: :

" The Production of steel is of course desirable a quick and an accurate analysxs of various
kind of steels and slags, and we tried to realize this demand with the developement of
Direct Reader (Baird Atomic Inc., U.S.A.). But when a direct reading spectrometer has to
be applicated for all of these samples there were much. troubles to study, and in this report
we had the investigations for these troubles.

It was necessary for spectrochemical analysis of iron or steel that the source unit is
given the share of spark or arc with the kind of and the concentration of analytical ele- - 3
ment. But as the matrix effects of samples were possible to be neglected by the adjustment .
of d1scharge condition, we could use same techmque on.the analysis of all kind of samples

- with the production of low alloy steel, and get the analytical results avilable w1th1n normal
error of chemical method. ’

Rapid analysis of slag was possible with a- briquetting technique; analysed W1th spark
discharge the sample which pressed the mixture with carbon powder. Workmg curves

of the element in. slag were showed with a single curve except those of Fe, forming the

different curve éaused to the kind of iron-oxide on the period of sampling. »

‘ Now we tried to use this spectrometer for the production of steel 24h a day, 7 days a
week. - Therefore the strict checks on operating and instrument were eésential, but it became
clear that these controls were easy with the application of standard sample at regular inter-
val and Wlth the check of internal standard 1ntens1ty coincided with analysm
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Table 1. Element tabulation for .steel analysis.
Wave length Analytx(c;l) range . ‘ |Wave length Analyti(caal) range
Element SR o —| Element ' /0
(A Spark Arc (A) Spark Arc
P. - 2149 : -— <0°50 Fe 3227 Standard —
‘As 2288 — <0*60 - Cu 3274 >0-01 —_
B 2496 . —_ - <003 Ti 3372 >0°00t1 —_
Cr . ) 2677 . >0°01 — Zr 3391 >0°001 —_
Si 2881 >0°04 <0°10 Ni | 3414 >0°02
Mn Q 2933 >0°01 - Fe . 3836 . Lo Standard
Al 3082 >0°015 <015 Mo 3864 >0°05 | - _
\4 ’ 3102 . >0°001 —_— w 4008 >0°10 < 0°50
Mo 3132 —_ <015 Pb . 4057 >0°05 <050
Sn - 3175 — <0760 ,
. Table 2. Element tabulation for slag analysis. 20 :
. ' % o P
Element |WaVve length | Analytical range (%) “r . (fW
(,A) . (Spark) dhe et e .
P 2149 P:0s : 10°0~0°015 e R 7TTR
Si 2516 Si0: :75°0~10°0° s (a8814)
Fe 2599 Fe  :25°0~0°40 o2 R
Cr o7 Cre0; - 20°0~0" 10 Zgw 740 \m 770 010 009 008 007 006 005 0K 403
Mg 2798 MgO :20°0~0°15 ‘
Mn © 2949 MnO :20°0~0°20
Al . 3082 A1;O; : 25°0~0°30
A 3102 V05 : 5°0~0°01

Ca 3158 Ca0 :70°0~15°0
Ti - . 3372 TiOy : 8°0~0"20
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Table 3. Difference with the kind of mould on analytical result of casting steel.

Kind of si | Mo | P Ni cr | cu sn | As ‘ Al
steel (%) (%) | (%) (%) (%0) (%) (%) (%) | (%)
C-Steel X 0°00077 10°00231{0°000307|0°00077 |—0°000385/ O° 000385 0°0000285[0°0005 | —0°000038

Std. dev. 0°0040 [0°012 [0°0016 - [0.0038 | 0°0020 | 0+0023 [0°00022 [0°0026 | *0°00019

Mn-Cr steel | X

0°+000083|0*00417|0°0009170*000834

-00108 |—0°000417

0+000834| —0*000834/0° 000157 |
0000392 0*00149

0°00313 | 0700297 -{0*00060

X=X {(Steel mould) — (Brick mould)}/#=

Std. dev. |[0°0030- {00151 |[0°00332 |0°00302
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Table 4. Difference between casting sample and forging sample -

on spectrochemical analysis.

Si Mn P Ni Cr Cu Mo
(%) (%) - (%) (%) (%) (%) (%)
SCM3 ’ X_ 0] 0*0042 | 0°00072 0°00162 |—0°*0033 0‘002_2 0°0025
' ) Std. dev. 0°00305 0°0218 O'OQ263 0°0079 Q'0193 0°0186 0°0162
SNC21 X —0°0031 |—0°0035 | 0*000042 |—0°0034 |—0°00030 | 070017
' Std. dev. 0°0112 0°0123 000147 0°0346 00212 0°0073 .
SUP s X —0°0045 | 070007 | 0°000092 [~0*0057 | 0%0011 |—0°0027
- Std. dev. 0°0352 0°0231 ‘0+00187 0°0162 ‘| 00233 0°0194
SMn2s X - 0°0007 | 0700307 |—0°00040 |—-070016 | 0°0046 | 070020
. Std. dev. 0*0105 0°0360 + 0°00262 0°0107 0°0162 00164

X=3 {(Casting) — (Forging)}/ n ’
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Table 6. Result of precision test with the particle
size on slag analysis.
Variation on a | Variation with
sample sample
Element (clock dlal) (clock dial)
: 50 | 100 200 50 | 100 200
mesh| mesh| mesh| mesh| mesh| mesh
Fe 2°5 0°3 07 7°3 | 16 06
Ca 08 10 1°5 3°1 02 0°5
Si 17 Q4 0°3 2°5 1°3 04
Mn 5°2 1°8 1°4 2°0 46 1°3
P 7°9 1°1 1°0 0*9 2°2 2°5
“Cr 50 18 1*3 04 04 18
Al i°5 07 2°0 1°1 3°3 04
v 3*3 15 0°9 1°4 1°2 12
Ti 1+8 3°0 l 0°8 17 2°3 1°0
Mg 29 | 1°2 | 06| 5°7| 43| 1°4
R i
Table 7. Result of precision test with the

condition of discharge on slag
analysis. ~_

Element| Fe0p | CaO .| Si0; | P05 | MgO

(content)| (7*05%) (46’0%) (28:9%)|(0°06%)| (0*29%)
Spark . .

(REG-0) | 0740 0°5 | 0's | 0°0065| 0%08
Spark '

(REG0-0)| 0739 0°8 1*8 | 070080 | 0706
Spark ’

(REG2:0) 0°71 201 t*9 | 00060 | 0706
Arc 027 |- 1*6 | 0°5 | 0017 | 0°10

I N N

&%EF%@«@ ﬁ%%ﬁﬁ%ﬁﬁmtwﬁﬁ : 793
DORER USSR E %FLU: Table 5. Results of rap1d ana1y51s of slag by variaus method.
T 5%, Fe, Ca X Moth d N ‘ — G
. N etho .
_Si OBEFH D WHRIT ik :
.L/f\:ii%’& ('J;ﬁ_‘lb\ﬂ\ﬁ : Powder Powder : Pellet
s \EJLL%M‘ Sample (200 mesh) (200 mesh) (C:Sample=10:3)
DOEr—~A) TE 100 J ;
h W Pre-exposure time (S) - 0 0 0
mes E}E?Dﬁ?f b Exposure time (s) .23 15 23
SIIREE LR TE DR Shutter ; “Normal Open Normal
HL % %7 Primary current . (A) 86 ‘ 86 . © 86
1 Al _ RF current (A) 7°0 7°0 740
—HEIGEE LTI s 0 10 038 08
> ll - ‘
FEnEnmEs—faE  Std. dev. Mn 041 0°55 0°62
. 0 %) . - (Clock dlal) P 265 203 0°92
&gﬁ& £S ﬁ)), %’@,‘R} . ) Mg 0-25 0°*74 . 096 .
C#EY Fig. 6 WHDT 81' 1°73. 1°69 1433
o a 0°50 0°72 0°22
EL FBES EVER Fe 0°36 0°22 017
lyma 1 % s e Al 097 0°45 0°29
WARE L IR R X TS Ti 0748 0*51 042
v, TESEOFRMEED : : » -
%A&Hﬁ@fﬁ%ﬁ;ﬁof’ O ERFEEILDED L ATRABRBBREFEECEL TR DbNh

. b EROMBETIETRT Table 5 D CEEIT
BEDTITDRD, AT 7 DX HIMNREFHEDOT Y 7y
FERRHCIE R DR LM A B £ T & R FBRTIR
Table 7 AT L 9 KR UHEB K X2 TRLBEIRA L

IR BREATRESETL DO ORHAR L & IR B 1R

Fndot. 7B ORI E 5 LIRIBERRE 43
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Fig. 6
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Table 8. Results of chemical check for standard sample.

'Si . Mn P NI Cr Cu
: n 20 20 20 | 20 20 20
: A —0°0035 0°0043 | 07000053 —0°00408 | —0°00855 —0°0037
n 20 20 20 20 20 20
F A 00018 | 0700441 .| 07000092 —0°0035 0700226 —0°0026
» n 20 20 20 20 20 20
I : 0°0124 00137 | -
A ,—0°0021 0+0048 | 0°0000108 | —0°0019 | —07000303 | —0°00085

A=2 (Chem.—Spec.)/n

Table 9. Variations of analysed value with the condition of discharge.

i o ~ Si Mn Ni . Cr Cu Fe-3227A
G Discharge, Condition @ | | s | @ | (@ | (Voltage)
Spark Normal =~ . | 026 | 0'80 | 0°09 L 078 | 020 15°0
Gap spacing : 2mm 0023 0°66 0°10 0*67 0°21 123
Angle of carbon electrode : 120° | 0°23 0°73 011 067 0°23 14+1
R.F current : 10°0A - 0°38 0°92 0°19 0°80 0°39 |- 11°8
. Pre-exposure time : 10s = . 0°30" 0*94 | 0°10 | 0°89 0°19 13°8
Unsound ssmple - ’ 0°25 078 012 075 0°22 142 |
. , e - P Sn’ | As Al Fe-3536A
Discharge Co'nd1t1on » (%) (%) (%) (%) 1 (Voltage)
i - Arec. Normal S 0028 | 0°025 | 07029 | 07007 9+1
: ‘ Gap spacing : 3mm D | 0°045 | 0°026 | 0°025 0°007 12°3
Angle of carbon electrode : 1607 0°055 | - 0°031 0°031 0°010 11°1
Pre-exposure time:0s 0°042 | 0029 | 0°036 | 0°005 : 7°8
Unsound sample 0°062 | 0°095 | 0°+038 | 0°053 97
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Fig. 9. Trends of analytical value under the

- condition of non-standardization.

Bl BT 2o n b DZba % U S i i3 i o e

ﬁﬂ%mxf%@ﬁ%ﬁﬁeﬁg%% 23 5HRDHEE
1./ 771- v !

[

VI, %%

FAVY R — & — 2RSSR E T ORI ST
K BT B I BB R X AR, SR
FH A U TIAER OISR IC B L T A B D7y

HWETLAOEET MY v 7 A R2 —SESMETES

FHG RS RO TR OB L EETER. e
25 TDE S EBLWE LEZ OB R ER TS5

T Yy MEOHBERIT X O TIREEHICh o THHE

ST A TTREIC T D7

AESYIC"S %Laéﬁ@ﬁﬂbﬁbfﬁﬁbf@<k

IR X OB ARST O 72 DI E{E > o RE ) SR

R LB NERREE LN, Bk b BRI
X % FESMEORIE & MBMETERIRENIC X 550 X U5

RS ORHIC X DTS OFRELT B & LT

&7z,
BRCAME LTS > THREIOEEE 21527
HBARHEHIMECEERHEERT 5.
X & :
1) H. SteinBerG & H. Beric: Anal. Chem., 20
(1948), p. 72
(1%1), p. 221
3) N. H. Nacutrie: ‘“‘Principles and Practices
of Spectrochemical Analysis’’, p. 215
- 4) FHE, B, &TF o0, 10 (1961), p
5) BB, ®H: Sk, 7 (1958), p. 459
< 6) KEE: HALRFAEE, 20 (1956), p. 683
7) R. BarTteL & GorpsraTT: Spectrochim.
Acta, 9 (1957), p. 227

" 8) B, EE, o HBRI, 7 (1958), No.2 -

p. 26

9) H. E. BiBer & S. Leuy: J. Opt. Soc. Am.,
49 (1959), p. 349 \ _

10) &=A, MmE: 9X%Frs, 6 (1957), No.2, p. 13

11) KEE, &A, BF, Hh, HE: BEREEZESEE
19 (1955), p- 700

12) #HH, /B, EFH, RHE: ﬁﬂ?/ﬁb”%"ﬂ‘aﬁﬁ (1962
F5R) KTHE

13) M. MirLeourN & H.E.R. HARTTEY: Spectro—
chim. Acta, 8 (1948), p. 320 '

14) J. T. Rozsa: ‘““Methods for Emission Spe-

ctrochemical Analysis”, (1955), p. 283
15) H. C. Harrison & C. C. Rarpu: Ind. Eng.
Chem., Anal. Ed., 15 (1943), p. 466

e

Ee



