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Emission Spectrochemical Determination of Aluminium in Steels by
Two-intensity Method with Pulse Height Distribution Analyzer

Minao ITO, Minoru YANAGYIDA, Hiroshi FUSHIDA, and Masanao NARITA

Synopsis :

On rapid determination of total, acid soluble and insoluble contents of aluminium in steel by emmision
spectrochemical method with pulse height distribution analyzer, it was made clear that each intensity of
pulse distribution was composed of several factors, such as soluble and insoluble aluminium, interfering
elements and background, and that influence degrees of these factors change with pre-spark pulses and
kind of intensity. Among these factors, influence degree ratio of insoluble to soluble aluminium changed
from 1.47 to 3.05 in this study. This fact was the cause of error in using one intensity method. In
order to eliminate this error, the ratio should be corrected by using two intensities which are different
in the ratio. Good accuracy for determining total, soluble and insoluble aluminium was obtained by
using 40% and 709, intensities at 2 000 pre-spark pulses. It was also found on standardization method
of this two-intensity method that coefficient ratio for two intensities of calibration equation can be
considered constant and that almost the same standardization method as one-intensity method can be

© 1983 ISIJ

used.

1 B

PO RIS HAPHER A ASHE K EE CT
PDA 2\v5) OBERY kb, REELHEIEETS
AL EETH L XOBERVCEREEAAET % & 3
W, HEELITHECHFET 5 TROBHICEITHL)
oM & ot Tishb o @ PDA HVIE,
FA I CEETHR TV B RIEREF O LS BIKRE
I BRES L ORMEEDOER LML L THIEMRETS
D, FRIOBESMOBREBEN T L X b RES
EEN T T3, ZOWMESMOBHTEE LT
DA DBELIRED DOMOT L EDOME > HEE T 5 /N
HLOFED (LITELRBEHEE v 5) PHEE IR
BESAY ZEORILIEBENHFOMTHL EL, £
BNtk 2@ OBEI ML CETET ORELD
BB Y nlhHy, Al ORBJIEE ChERhC
FIRZh T, —7, IWWHLY X FEREREORE
X% BoBMETLESD ineffective B &FE & X <%t
BTAC LEeBaERsWTREL, M F BV
PDA Ji%E D58 /48 D RE T B RS R OHIE
BBEBAYE2-& %, FYOX5FbT5 » % & 3

L, WERIC X5BENE Al EBORBLEBEZED T
W5, Zhicsl, FELY XBORBIIEEERLTTF
BRI RO PDA JIE D EH S EofBEI X>T
T3 5 RBHERE L, TNCEBAENEB L BAB®EBO
MEYST B0, BAGKBERC FHKENRELE
2T 2PBEDE, TibbuhWP sEELE TIXERE SN
Elicr bl bhicl, FRKEREORKS 2
Eo—®kARE LTHAEEB, FBAREEBoRE
ErfETHE BoORIEENERCERETESL &
LM L.

COBORBHEETCIINEEOEBEL LT, FHKE
BRI D 2HMEYERE Le—kRE A, oh
BN B 0B EEN KRBT ORE D THD
7. ZORDHFHREREEEL RENBEE kDX
0 THRBENEG L VWb S REWORIELNE
Eits,

—77, WEEONEYHNT 2HEOMEL AV —KR
R L BRBAUERE LTEX D &, BUBEERS & NE
RS ORBEI RIS 2HEOBEIB LIS I bIE,
FiEkEREOBLRERLVEIEL OIS, T,
2 HOMELERE LLEER YAV HRERE, &

WEFN 57 £ 9 HALBEARDIWCTHRE WM 57 4£ 10 § 12 AZf (Received Oct. 12, 1982)
*  REREEEH (BR) e 28 AT (Central Research Laboratories, Daido Steel Co., Ltd., 2-30 Daido-cho

Minami-ku Nagoya 457)

— 136 —



SEWREEY AV AL ZSHER-RRSESFC L EMB T A I =y A0BEIER 1351

RV HR TS —REERIC T, RBEREORRE
B3 5 R LT IR0 T TR B
AEECIREMT Al ORBJIEREER Y EJC, T
BB 2 7 PDA JIE X 52BN EORRE
DRERYAEL, “HMERICET 5 2HOMEDFERSE
B OWTHRERIT 5 &30, BEBEHECOVWTIR
HL, —BELELIBIERFCRYBR B ErHRL
FofE BT oW TR B,

2. &£ B
21 ¥ &
ABGIC A Lo B (5F) BB ERT R o LE R
REEMBERS K EET, MEHELE 1000 mm

OEHFHRTLHEAL 7o HXEE GVM-1000, FEEE
SG-400 X< AES AR B L cIEZEE RE
11 287 h, ZORIESRME%Y Table 1 RL 7.
2.2 & ¥

BenlvatE (Sol.) Al ROBAAEM: (Insol.) Al &F
AR B LT 5 BB 30 EL2 ERFERE L
THW. EBRARHNIEASM|MrHLAT vV AGIRU L
DFELBRE T CTHE R, B OER - 28 LIBER
¥Thv, ToRSaEERHEMAY Table 2 T/Rd. =

Table 1. Measuring conditions.

Spectrometer : GVM-1 000

Dispersion : 0.46 nm/mm

Blaze wavelength : 200 nm

Entrance slit width : 30 ¢

Exit slit width : Al 50 g, Fe 100 g

Analytical line : Al I 396.15nm, Fe I 287.42nm
Excitation source : $G-400

Secondary voltage : 400 V

Capacitance : 2 ¢F

Inductance : 10 zkH

Resistance : Residue

Discharge per sec : 400 in analysis

Counter electrode : W-rod, 6.2mmg, 30° cone

Analytical gap : 5mm

Argon gas flow rate : 4{/min

Table 2. Content ranges of the samples used.

Element Content range (%)
C 0.01~0.48
Si 0.17~0.52
Mn 0.08~2.48
Cu 0.02~1.09
Ni 0.09~21.13
Cr 0.10~26.23
Mo 0.01~3.76
Fe 50.3~97.5
Total Al <0.001~0.060
Sol. Al <0.001~0.059
Insol. Al <0.001~0.006
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Fig. 1. Intensity-time curve. The sample con-

tains 20 ppm of sol. aluminium and 30 ppm of
insol. aluminium. A second of discharge time
corresponds to 400 discharges.
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Fig. 2. Precision of each kind of intensity.
X @ pre-spark discharge ¢=200, O : t=2 000.
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Table 3. Coefficients of intensity composition
formulas.

Kind of

intensity Coefficient*

a ¢ l m byo bni bor n

10 200 13.33 20.85 0.1754 0.0059 —0.0062 0.334
20 200 14.60 24.46 0.1854 0.0056 —0.0056 0.334
30 200 15.36 27.14 0.1906 0.0058 ~—0.0055 0.344
40 200 16.11 29.12 0.1968 0.0058 ~—0.0051 0.352
50 200 16.87 32.21 0.2032 0.0060 —0.0049 0.358
60 200 17.54¢ 35.33 0.2093 0.0063 —0.0048 0.372
70 200 18.28 38.95 0.2146 0.0064 —0.0047 0.391
80 200 18.93 45.66 0.2166 0.0066 —0.0049 0.422
90 200 19.16 58.41 0.2144 0.0069 —0.0055 0.502
10 2,000 11.63 17.08 0.1632 0.0064 —0.0052 0.269
20 2,000 12.84 19.61 0.1664 0.0075 -—0.0049 0.277
30 2,000 13.76 22.88 0.1795 0.0065 —0.0045 0.281
40 2,000 14.59 25.14 0.1868 0.0066 —0.0042 0.288
50 2,000 15.33 27.42 0.1935 0.0067 -—0.0040 0.299
60 2,000 16.09 30.77 0.1994 0.0070 —0.0038 0.310
70 2,000 16.90 34.79 0.2050 0.0074 —0.0037 0.327
80 2,000 17.79 40.42 0.2114 0.0081 -—0.0038 0.356
90 2,000 18.70 51.50 0.2181 0.0091 —0.0041 0.425

* Intensity composition formula :
L, =1-Sol.Al+m-Insol. Al + by Wio+ by Wiy +bgr- Wort- 1
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Fig. 3. Ratio of influence degree of insol. alu-
minium, m, ), molybdenum, byoa(y), and backgro-
und, 74(¢), to that of sol. aluminium, lyy).
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Fig. 4. Intensity composition of a chromium sta-
inless steel sample containing 90 ppm sol. alumi-
nium and 40 ppm insol. aluminium after -2 000
pre-spark pulses.
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Fig. 5. Accuracy of determining sol., insol. and
total aluminium by using one intensity method.
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Fig.[6. Accuracy of determining sol. aluminium

by using two intensities method. The numbers in
the figure represent accuracy as ¢q ppm.
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Fig. 7. Accuracy of determining insol. aluminium
by using two intensities method. The numbers in
the figure represent accuracy as ¢q ppm.

Fig. 3 ®, 7759 v FRELONIGTEBRTES
2, Bst OEAEHED L XEEINEL RLEE
o L. BioBOEEDEE LR, F
BRERREEL TS BEEL mun/lan HREALE
L7\ Al OFARTFRKERROR I SHEED
AR X 2RV T, —EDTHK
BRI TCOMENHC KT HEEOHLEHLEE A
it X,

® ZRER a DEIFEED BET~OR AT
BCERINEY., ShIIFEEENE L RhETH

Kind of intensity

l1o 130 150 170 l90 ho ho Tso0 170 Iso
12200 t=2000
Kind of intensity

Fig. 8. Accuracy of determining total aluminium
by using two intensities method. The numbers in
the figure represent accuracy as ¢q ppm.
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Table 4. Comparison of standardization methods.

Standardization Reproducibility (¢ ppm)

method*

Sample A** Sample B¥¥*
Sol.Al I 12 10
)i} 14 10
Insol. Al I 5 7
)i} 6 6
Total Al 1 9 12
I 10 12

* Method ]I : calibrated by using equation (9).
Method 1I : calibrated by using equation (10).
** Sample A : 580 ppm Sol.Al and 10 ppm Insol.Al.
**  Sample B : 190 ppm Sol.Al and 40 ppm Insol.Al.

X 35 Tkt Sol.Al BERDOEEH . T o
Sol. Al DFEEENRTELIRFIEL TS 4B R
ATHEERRE L, ZoXBECHBENDO D 2R K}
ZRATERLEYEU HHEASRERE L. o
6 AR AR E L OHUERTMELELCHEL, &
LR OFEEEZ BT (DER X5 (5)XOBRER
TRDI. D THELRRERIC X b BEAKRERE
D Sol. Al EEfEZ KD, HHEBMEY StELL. -
ER(HETRDIBERRD ¢/p %X FHEL, 0
FHEE (IED(6)RDOkfEE Lie. (1)ETHWE
WEMEEEHLT(DED (6)RERD, HEEHMEL
FHE LY. %7, FEFeHEET Insol. K U¥ Total Al 0
AFEREEZ KD, ch bk Table 4 i,
Table 4 %%z & (1) E(IDEETCHEREEDZIX
BEAERL, WThLBHFAERNAE SN BEE
FTRMAER(IDETTITHS 5.

4. & £h

SN A GAFRIE-FEI KT @ X B8k Al o
RBHIERE ST, FHREEREEOERS i LoME
CEOTRL D ZRERECTT 5 BARS OHEY, %
ERERRXOK TR, EMLBIERCIE, Mk
BLTWBZ EXBELMCT S LI, —HERCKT
% HITERR EE D FEIRG M R OBRALF T OWT, Ro%E
EEHELMC L.

(1) FiEKEEE 200 K%0° 2000 [EHo & X DHBEAL
SREEDERSARD 10, 205+, 90% DKMEEH T2
Sol. KO Insol. Al, B/ » #H<EFLE Mo, Ni R Cr
ROy 72759 v FOEBEYHECT 5729, 2hd
AFOREEYRTHEBRAL RS, ZLTELR
THBEBEROEROKRE IH 5 VI ERIILERE T
DEFBEY PR LT\ 5.

(2) HRYEWwT2% Sol. Kt Insol. Al D
B ILLFERERS 2000 G0 10% BEchoL b
INEL 147 ThHy, 60% Ll ko BmETar kX<
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D, FHEHKE 200 Bl 907 EEETIX 3.05 THoNk.
ZDZ ERERE A EOK/MESY Sol. H 5\t Insol.
Al X 5B L Biic ST C L xEEC L, o
—BREH L 5% Al OBRBICE L CERILZE < T
%.

(3) PE L IHRLREOMERBIC 3\ T Sol.
Al L Insol. Al DB NI EYL L2 RBIETS
Toditi, BEERNARLD 2EBEYHVRE IV, &
ORI X b FHE S —EEECENTRECEE
T5. 0L IVEED HASbEXTHEKE 2000
Eo 40% #WE L 70% BEOMEALAL ¥ T, S,
Insol. 0¥ Total Al EEDFHE X eait = £10.0013,
0.0007 0t 0.0014% CThot. =D LitFA—TFEk
BEBC KT HBESHALBO 2 HOMBEOEIRTE
TR EEEINEORD Z EHRLT V5.

(4) COZBMEETRELEDIEIIC X MO
EREY Ly, Sol., Insol. K Total d 3 HHy%FE

LHARDOEERN CEEERETE 5.

(5) —EREHC T HEELCEL T, TORE
2 EEOWMECRTHREBERER L RD 5 HNE XL,
2 BEOBECHTAERORE—E L LT—HEE
CRISCERYEZS C ENRTETHS.
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