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Determination of Trace Amounts of Aluminium in Iron and

Steel by Flameless Atomic Absorption Spectrometry
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Synopsis:

b
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Atomic absorption spectrometry with the HGA-2 100 graphite furnace atomizer was used for the determina-
tion of aluminum greater than 0.0002%, in iron and steel. Analytical sensitivity for aluminium was about
ten times in comparison to that by the flame atomization method and the precision and accuracy were also
satisfactory. Sample solution prepared by sulfuric acid decomposition was dried for 30 sec at 100 °C, ashed
for 60 sec at 1 200 °C, and atomized for 8 sec at 2 700 °C. The absorption signal at 309.3 nm was observed
with a deuterium arc back ground corrector. Acid soluble aluminium of carbon steel and stainless steel was
determined directly by an identical calibration curve without elimination of the bluk iron in sample solution.
It was indispensable to use the standard addition method for the determination of acid insoluble aluminium to
reduce the serious interferences due to coexisting elements in sample. Simple standard addition method,
which is specific for the graphite furnace atomization, is especially recommended as a good method because

sample solution volume for the measurement is very small and sample preparation is easy.
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Fig. 1. Calibration curves for various aliquots

of aluminium solutions.
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Table 1. Difference in effects of three dissolution acids for the determination

of acid soluble aluminium.

Relative

% Recovery (a) of

i Reproducibility
Acid absorbance 0.1ppm Al p
of 0.1ppm Al soln 45 000ppm Fe soln Al soln Al-+Fe soln
HC1 92 40~50% good very poor
HNO, 97 50 good poor
H,S0O, 100 80 good good
* value of 0.1ppm Al+ 1000ppm Fe solution
08
Abs(AL)
- 05+ ::%—T\o\
s} Abs(Al) +\j\\k\\\
g | O‘z'f— Abs.(Al+fFe)
g P I
2 04 Abs (Al+Fe)~ Abs(Fe) g
? 3 03F .
8 5 Abs(Al* Fe)-Abs(Fe)
<t 0
02 < ool i
i Abs(Fe) 0.2 o 1'% 5]
e A - - - " ] -
~ Abs(Fe) A
_ HS0;, Concentration (N) ‘ ] ‘%
v Fig. 2. Effect of sulfuric acid concentration. OO X 1060 . ]230 l 142)0 0=

(Al: 0.1 ppm, Fe: 5000 ppm)
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___Abs. (Al+TFe) — Abs. (Fe)
N Abs. (Al)

% 100 (%)

(1)
Z Z°T, Abs.(Al), Abs.(Al+Fe) 3108 Abs.(Fe)
13, ZTNTHT N =0 A EBEERIE, TV = A-§
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Ashing temperature (°c)

Fig. 3. Effect of ashing temperature on absor-
bance of Al, Fe and Al+Fe solutions.
(Al:0.1ppm, Fe: 5000 ppm)
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BeoWNELEL L, M IHETELZEDT.
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Table 2, Effect of interfering elements on absor-
bance of 0.lppm Al solution containing
5000ppm Fe.

. Element Deviation, «’ | Element Deviation, a'
BRSO L. 20X 5 TNE =0 AOERECHTS (10ppm) (%) (10ppm) (%)
s PR AR = ) gle
W%m,ﬂmﬁwgua;ori%<hab Expielt Mn 1.7 Mo +1.3
SRIRIEASBAINT 512 ERERET T 2R B ol E Co —~14.6 Ti —18.7
BROSKMR T v 2 =9 AOERETE, BORMEIES T Cu —i27 N o3
LEREDE VTS A, T =y AOERTIREEL v 1.8 Zr “3?
r — . 1 —U.
THZENTELDT, MEBRRPICHET HBROIRE
vx 5000ppm iz — L7z
4.2-4 JAFTROPE 10
o o)
0 -
05t Abs{ Al +Fe) B 50F
. i Cr
o OA\ g g
- 0 1 1 1 1
§ Abs,(Al+Fe ) - Abs(Fe) §
£ o3} g 100<g o o )
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202t - 1 = s i
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450 3 i
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J o L
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Fig. 4. Variation in absorbance of Fe and Al+

Fe solutions with various iron levels.
(Al:0.1 ppm)

Fig. 5. Effect of chromium and manganese
on absorbance of 0.1 ppm Al solu-
tion containing 5000 ppm Fe.
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Fig. 6. Calibration curves for acid soluble alumi-
nium by standard addition method.
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Table 3. Comparison of Al absorbance in sample
solutions for the determination of acid
insoluble aluminium.

Absorbance

Kind of %R
soiﬁtio?l blank soln* 0.1ppm *AI %o e;overy,
soln
H,O 0.019 0.299 100
0.5N H,SO, 0.041 0.260 78
0.5N HCl 0.036 0.283 85

* 1.0g of K;S,0; present
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—30sec) Zf7o/eDb, MBEEILTS.
4) hnEE R 30sec 20T b, HFHAWRE
20p 20, V5774 bF .~ TIIEATS.
5) Dig, SEHEOFIEC L7esd>T, ¥k, Ribz
MR LCTRERTFLL, BtERZET 5.

ZEL, 7T v 2 LT RRROBREERTY, BN
fed o7 NGl CERELY k.
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4-4.1 SRS

PL R A7 i & DRRGETEBRDORE R D,
BIEEZRO X S TkE L.

HE 0.5 g I EOTHEY —h— L, il
(149) 20 ml 20z, X5icsk 30 ml Zhpz CTHEs
3%, chic@iR(b/kEK 2ml 2Nz CEkin EE2 R
L U7, SIERSMERL CRElOGRLKEZSFT
5. WH%, BT A (No. 6) AT 100 ml @
AATZAATHEL, LEROBHHEEE LIFAKTHEFT
5. AW LW E B HDE/KRTERE TS T, BAE
M7y =9 AR T 5.

AR

BABERIIARE LDICEEL OB L, ThEl
BRI U, wREBGEOABERR TR L .5 Dbk EES ml
Nz, Vi RNZ BT LB {bT WE L e
Exws. QERHLL Kok, FNTX DICERE L
THMBZEEBWHET. RiK, Cafigsy v A 1.0
g RN THEGEIAE S 5. Wik, e (1+4)20 ml %
TR &L T 100ml o2 27352321
KTIEMETS T, BABKT VI =Y aBlE gt
T 5.

4.4-2 EERER

EEcH O Nl o &2 Re oS iE L &
o Table 4 wird. ZDET, KLS It KSS
DFL T ARSI MNIEERAB TV T EBMTH 5.
EEERCIE, BTEET VI 29 AIKRBEHETERD
7oll%, BAAMET VT =0 AR SHERE TR Ing: &
LTRDEERRLTHED. BB, BABET VI =Y
LDEHEREL, BERNEL LD E @A TER W
ABhcs LT, sUBHAREZEY RIRECHNLCER
L7z,

STV =T ADHEZRET S, EREHEEOFHEHT
DV TR & DB T o7, MhaHE
0.002% DI D3N DWW T ORE Rk flszh: (S RRs
7 V— ARFIROEE) WXbEEIRL—F L. Ei2
T L— AFETPE 0.0019% DIF & L3RR TIRWIER
HEWTh, TOHETRHEREREEY 5 X5 &0
TET/.

Table 4. Determination of aluminium in steel samples. (values in 9;)
Sample This work Other work
amp Sol. Insol. Total Sol. Insol. Total
KSS 02 0.0002, 0.0002, 0.0004, <0.001 <0.001
0 0002 0-008> 0 0004, 0.001 <0.001
KLS 621 % ~ ol <9. :
0.0003, ~0 0.0003,
_ , 0.0005, 0.0004, 0.0009, <0.001 <0.001
O I 5 O 0,001
- KSS 1la : 0 el el .
p 0.0035, ~0 0.0035,
o -
2 0.0003 0.0001 0.0005, 0.0007
5 | NNBS 365 0.0002, 0.0001, 0.0003,
© | Iss 330-2 0.0029, 0.0013, 0.0043, 0.0025 0.0019  0.0044*
0 0030" 0. 0000, 00030, 0.0019* 0.0037*
BAM 130-1 0.0018, 0.0012, 0.0030, ' '
< 0.0013 0.0009 0.0022 0.002*
A IO 0.0
g | J55 6534 0.0013, 0.0020. 0.0033; 0'
= 0.0005 0.0042 0.0047 .004%
s | JSS 650-6 0.0006, 0.0040; 0.0047,
wn

* Standard value
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Table 5. Comparison of acid soluble aluminium

determinations in steel by various
methods.
Flameless AAS Flame
AAS
Sample Sol.” Al 9,/Sol. Al 9,
5000ppm |2 000ppm Sol. Al ¢
iron iron no iron present
present present
0.0005
KLS 622 0. 0005: 0.0005, — —
0.0033
KSS lla 0'0035: 0.0034, — —
0.0004, 0.0003,2) | 0.0005,
KLS 6211 0003, | ©-000% | o 0g03,m (x 10)
BAM 0.0020, 0.0021
130-1 | 0.0018, — | 0.0020,» (x4

Values in parentheses denote concentrating factor of solution
a) determined by calibration curve method
b) determined by simple standard addition method

4-4-3 EEED

fhk & T 5 2 & O TE o KiRERC T 5
ER(EOEHMEELERT 5720, WETHHORELZ
2B X OTHOPE 2L B2, 71—
AV AETHERT O Uie. g, kEtaek
DIEREHNS 2000 ppm DD D &, WRKERIEFRE iFEIC X
DOTHERE L DL O EEL TR L.

—ERDFBHI A LTSN/ BAAE T L = 9 A
SEREERY, Sicskdrs Table 4 Of:H & 45 &
(Table 5), {KiEEFEIZOWTHEHFERCIFIE—3
FT5 2L bore. Jndk, Table 52 3L L7k
R T L— KETHE LERLSEEE LTh 1
7z,

& Rl DD HTEE L DHBIETE 27 T
SIS RV T 008, IRIREERIC 31 5 ERE S+
Sl EEEEE TS LEX5.

444 SHRBEIER TR

Rizb757 74 MF = TR LT, RUCHEE
R CHuR LZ 2T WIAIE 0B B2 M Lz

SREMP DT VT =Y ADEHFRM 0.0005% 1D
=R A FESE LRIE Lz & & o ZEIRENT §9 20%,
0.003% {HEDFHETIEH8 % Th o7z,

1 oI (BB 0.004) 252 2iRED 10 {58
ZEBRTRETHE, ZOFECXL&%MP7 V=
ADOEETFIRIE 0.00029% ©, 7 L — AT 10
HEOKETERETE 5T Lvboor.

5. & e

T L= A VABETEEFELEOBENRRKE VW, Bk
FROBENR S ECHRTET LA MOILETLZEO T L5 )

T o B a2 Rz L, BEHMHR 2 LTS L vk
ERPHRETH O/, HRBPFTH Ltk >CThott
TEEROTYPEI SN D HRIL, 7 v— aEOREeT
P LELIERON, 72& 2, v Hresdsiduns
DFHOME T EDRES TV 5.

7 LU= A VRETIE, —E ORI HE R ERAN D
EHiZHTH 100 ol BECTHHTHS. LichA>T @
BTV =Y A ERT 572D TR L2E3E100 ml
XL, BIEICEA LB RORIZMEHETE, Wiho
T2 ADBEBLRL WERET I EBTE S,
ZTT, BTV =0 A eE L7o4s, SR
DO—HZ VT RAMR S ORI Z IBR L TH & 0%
Wichnz, —EBC LTHlE2fT21E, FUBRESLH
WTETIWE =T ADOEREEBLZENTES. L
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Fig. 7. Comparison of two standard addition
methods.
(Sample : KLS-621)
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