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Quantitative Analysis of Electrodeposit on Steel by Secondary
Ion Mass Spectrometry

Toshiko SUZUKI, Yoshiharu OHASHI and Kouzou TSUNOYAMA

Synopsis:

A method was developed for quantitative analysis of electrodeposits on steels by using Secondary Ion
Mass Spectrometry. The technique was based on calibration curve method. The sputtered depth was
estimated considering the variation of the sputter rate with the composition of alloys.

Linear calibration curves were obtained for Zn-Fe and Fe-Ni alloy electrodeposits. This fact indicated
that the matrix effect was negligible for these alloy electrodeposits. The calibration curve obtained for the
Fe-Ni alloy electrodeposits coincided well with that obtained for the ISIJ Fe-Ni reference samples made for
fluorescence X-ray spectrometry. Remarkable variation of the sputter rate with Zn concentration was
observed for the Zn-Fe alloy electrodeposits, while the sputter rate for the Fe-Ni alloy electrodeposits was
almost constant. The total coated weight was obtained by accumulatmg the depth sputtered during each

measuring period from the surface to the interface.
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Table 1. Coated weights of pure metal electro-
deposits.

Material Coated weight g/m?
Fe 1.2 3.5
Cr 0.7 3.5
Ni 1.7 —_
Zn 15.0 —
Sn 8.0 1.3

Fig. 1. Schematic diagram of
ARL-IMMA.

Table 2. Chemical compositions and coated wei-
ghts of Zn-Fe and Fe-Ni reference samples.

Fe in Zn-Fe .
Sample no. Ni in Fe-Ni Coated we\zght
(Wi%) (g/m?)
1 9.1 18.1
2 18. 1 17.1
Zn-Fe 3 27.3 16.9
4 47, 4 15.6
5 67.7 14.0
6 8.1 12.3
1 5.8 2.3
Fe-Ni 2 25.6 2.5
3 51.0 0. 66

Fopoxo BFrE%, Table 2 iI2iY Zn-Fe ¥ LU Fe-
Ni 4&d o RO SR E IO BHELZRT. Zn-
Fe »ox b0 &My, ELWH, pHS, 50°C, 150
A/dm? CH 7%, F7- Fe-Ni o, AA7 53V
BIEH % A, BoSMISRER ot LIk,
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Fig. 2. Calibration curves for Zn-Fe and Fe-Ni
alloy electrodeposits. Oxygen and nitrogen ion
beams were used as a primary beam for Zn-Fe
and Fe-Ni deposit respectively.
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Table 3. Sputter rate of electrodeposits obtained
under O,+ and N,+ bombardment.

Primary Ion

[o e N,*

Target
Fe 0.023 0. 056
Cr 0. 020 0.048
Ni 0. 022 0.079
Zn 0.19 0.54
Sn 0. 16 0. 20
g/A - min
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Fig. 3. Depth profiles of Fe, Zn and Cu for Zn-

Fe reference No. 1 and No. 3 obtained under O,*

bombardment. In spite of smaller amount of

deposit, longer time is required to sputter off the

deposited layer for No. 3 sample.

o2 r

Zn-Fe O,
Fe-Ni N,*

18.5kV
18.5kv

(g /A-min)

Sputter rate

] : :
(o] 50 100
Concentration of

Zn or Ni (wt%)

Fig. 4. Variation of the sputter rate with alloy
concentration for Zn-Fe electrodeposit (O,*bom-
bardment) and Fe-Ni (N,+ bombardment).
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Fig. 5. Quantitative in-depth profiles of Zn-Fe
alloy deposit electroplated in the conventional
condition (O,* bombardment). Before A and after
B the correction of sputter rate variation with
alloy concentration.
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Fig. 6. Quantitative in-depth profiles of double-
layered Fe-P/Zn-Fe alloy electrodeposit (O,*
bombardment) . Before A and after B the correc-
tion of sputter rate variation with materials and
alloy concentration,

BEix, Fig. 5-(A) Ti% Zn-Fe & F# Fe L=<,
2 —HED BEWE KR LRAHT R SoTn52, (B)
DISTAA Y 2 —FEDOHIERTS> LI DT, X
DHEERCEWAMERT X 55, ks oRms
WC, THo—#aHEh Zn-Fe 545 0% D Zn 0o~
RAF VEREN 80% iz o Thb, ZIFTHOXBAA
Ry 2 —3N Zn OZRA F VEREDN 20% 2in b ET
CET AR EIBRET S L8 1000A 1icy, »
DERBBH 6 pm LEWZ A b b, EEHEOLH
BREMENRTH B Z LB LN THS.

Fig. 6 RAEZEEBD X #HA LA THS. A
BHE Zn-Ni §4&20% kic Fe-P 0 % Lizdb D
ThHBH. —RAFVE—LIBRAA v EH V. Zn-
Ni i T Fe D A%y 2 —HEN B, Bl
WA 2 —FHEFRD ¥ FClE, Hiosd Fe-P &
Zn-Ni 2 BERULEITH2EIRTHE I 5K R
5, ZhicHLBZ LD ARy 2 —HED Zb% fHiE
LckEE (B) ©it, kB Fe-P »o% X IO FE
Zn-Ni » 2% 0 HHENEThZhIE 2.5 X 19g/

— 113 —




1780 oL W %72 4 (1986) mllE
50 ¢
-~ .2 o
N =~ 0 o
2 a0} t g/m* g/m? 5
< 4 Fe
min XRF IMMA <
e o o Zn
Q2 30t ----- 0 0.06 0.05 a
= _—
8 10 0.06 0.06 201 |
£ 20| --- 10 0.15 0.14 o o
g - a
o [}
o = =}
. 3
2 & a8 2B L8244,
. A =] o
0 1000 2000 3000 0 : o
o 50 100

Depth (A)

Fig. 7. Quantitative in-depth profiles of Fe-Ni
alloy layers (N,+ bombardment). Coated weights
of Ni were obtained by integrating Ni concentra-
tion and compared to those obtained by X-ray
fluorescence spectroscopy.
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Fig. 8. Variation of sputter rate of Zn and
Fewith Fe concentration for Zn-Fe alloy electro-
deposit.
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Fig. 9. Variation of ion yield of Fe and Zn
with Fe concentration for Zn-Fe alloy electro-
deposit.
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