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Quantitative Analysis of Zn-Fe Alloy Galvanized Layer by
Secondary Ion Mass Spectrometry
Kenichi TAKIMOTO, Kenichi SUZUKI, Koichi NISIZAKA and Takashi OHTSUBO
Synopsis:

A method was established for quantitative analysis of Zn-Fe alloy galvanized layer by using Secondary
Ion Mass Spectrometry. Oz*, No*, Art and Cs* were used as the primaries. The sputtering yield and the
relative secondary ion yield were found to depend on the alloy composition. The relative secondary ion
yield, f(Cx) can be shown as a function of the alloy composition and the ratio of f(Cz) to f(Cr.) was
independent of the alloy composition. The sputtering yield, the normalized secondary ion intensity, and
relative secondary ion yield were also independent of the primary ion current density.

The secondary ion intensity of Zn and Fe of the Zn-Fe alloy plating by using nitrogen, argon, and
cesium as primary ions depended on the coexisting oxygen.

A linear calibration curve can be obtained between the intensity ratio of Iz,/Ir. and the ratio of Cz./Cre.
It was shown that it is possible to analyse quantitatively the double-layered Zn-Fe alloy plating of

micro-sized areas.
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Table 1. Experimental conditions.

. N . Primary Secondary ion
Primary Primary Net primary 1 jon current { (Natural
jon beam | i0n Voltage | ion voltage | jopgip, abundance
&V) (V) (mA/cm?) | ratio, %)
O+ 12.5 8 0.8,2.4,4.8
54Fe* ( 5.8)
* 12.5 8 2.4
N | 2 §67n* (27.8)
At | 125 8 2.4 16 0" (99.8)
o+ | 10.0 5.5 2.4

W 60 4 10 § SIMS-V [z v —%%% W1 61 £3 5 26 HEf+ (Received Mar. 26, 1986)
* 3 H AR (B) S I% v % — (Analysis Research Lab., Nippon Steel Corp., 1618 Ida Nakahara-ku

Kawasaki 211) :
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Corp., Now Nittetsu Techno Research Co., Ltd.)
T1#% (Analysis Research Lab., Nippon Steel Corp.)
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Table 2. Test samples of single-layered Zn-Fe
alloy platings.

l Zn Coatmg weish ) Thickness
(wt% (pm)
A l ns | 16.8 | 2.16
B | 6.0 | 21.4 | 2.76
c | 179 | 18.7 | 2.42
D 347 | 17.4 ! 2.29
E 5.6 | 15.1 1 2.03
oo 7.6 | 18.6 | 2.55
G sLo | 18.9 ] 2.60
H 88.1 | 18.1 | 2.51
| 9.1 ‘ 18.1 j 2.25
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Photo. 1. Secondary electron images of the samples B, F and H.
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Fig. 1. Depth profile of Zn-Fe alloy plating
(sample G).
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Fig. 2. Relationship between Zn-Fe alloy com-
position and sputtering yield and sputtering rate
(primary ion : O,%).
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-Table 3. Sputtering yield by various primary ion beams.

. . Present stud P t stud
Primary fgig;zy on (Zne—Fe lel:)ly)Y (Vap?rsegengti};n) Reference™
ion beam
&V Zn l Fe ‘ Zn/Fe Zn ‘ Fe \ Zn/Fe Zn Fe \ Zn/Fe
0, 12.5 12 | 02 | 48 | 092 | o030 | 3. — 0.3 —
Ng* 12.5 | 20 040 | s0 | — - | - - - | -
Art | 12.5 4.6 | 42 | - - | - | 46 | 3.7
Cs* | 10.0 3.2 6 | 20 | — | — | - | - - | - B
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Fig. 3. Relationship between Zn-Fe alloy com-
position and sputtering yield by various primary
ion beams.
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Fig. 4. Relationship between Zn-Fe alloy com-
position and secondary ion intensity of éZn+ and
84Fe+ (primary ion : O,*).

IRBEH—FEEFEELT, ARy 2V vV I7PNKRETLREE
TRIE LR A VRE, Thbb, BR_RA4V
MEGs Y Fig. 4 OBRcRT. HROKAEIRER
BT, EHREHERY 0% LTk 2 fF K&
$, BT EBREDO VA RFR 0% 25 105 0
e, 1.2~2 f2kE . LT kA A vIRERIL
EHERCHUTEDbY, Ay 2 ) v 7EE (Fig. 2)
MNAEXL BB EZRAF VIREWPNIL 10D T %R
LC\W5b. 7ok, W, BoBEBILkA A VBRERXE
HBEC L ARERIEEAERD BRI,

P EI—%®kAAVEELTBIZEL2HACEL D TH B
N, OF¥CEFE, TV, vvyaRFEHALT, Th
FHEH LHORBILRA A VBEELRD I R %
Fig. 5 (1) (2) wR¥d. HEHB IOEORAS + vRE
LEESHER E OBRII—RAF VR L HT, ZERT
HAZRT. BB, —KRAAVDryy MI—RCAD
ZRA A VILRBEND, HIRE IOFOE 1 4+ VIXR
LAEBH IR Dlctd, EDOTRA A v ESHL
Yoot

— 146 —

K,




SHA A VBRSO L DA S0 X BOE B

2297

'ic; Fe [wt. %) ':E, Fe {wt. %]

< 100 80 60 46 20 05 100 80 60 40 20 0

5 MO &8 @
+ +

N |

3 103 10t Ar+

5 | k]

z : | Nt

g Cs+ ]

e <

] [

£ 1077 E 109} Cs*

.§ i .§ i Primary ion current density : 2.4mA/cm?
g g Fig. 5. Relationship between Zn-
g 10% 2'0 20 %0 BIO IOOE 102 . 25 o L Fe alloy composition and secondary
3 0 3 0 8 100 jon intensity of %Zn+ and S4Fe*

Zn (wt. %) Zn (wt. %) by various primary ion beams.
5. kic = Fe (wt. %)
EE{ Ba-g- 5 *ﬁ:—f —~ 100 80 60 40 20 0
- . A T T T T
—iR, ABERMIT Ny @Ho—KRAAVHBAH LICE S 0.02¢
W, ZRAA VRERCRE S h 2% » ORALE i 3 oa
. g ~ =} A
DEAFVE Niz* 32E¥D(3)RYTEREIIS. 500 BTz g S8ao@
Nyt =K NpeSyeAyp-Cp vovvnverronninnnn, (3) <
*0.00

K 3EBOWEOAA Y ix T 5B+ %K
HBROBEESFALEBER, S XTE » DR+
VIR, 4, XFAfE L OXRRFERE, C, X&5&+
DILEFE x DRETHD. EbIL, Ny & Nyt %%h
FRABA A VB I, EZkA+VER Lt ©FT
L3RR X 5B,

Lt =K Iy-S, A;,C,
DEWR, ZRAF VINRIBEENE TS - LixE#ETH
50T, ZRAAVIREY SEEROBEK E L (BT
5E(S)Rweinh.

ch-l* :f(Cx) 'Aia: ................................. (5)

L A TTROBNBRE, BRUBREEMSLY 0K
1+ VRE, f(Cr) XEBEK K 26%, AEHEER
AULTHETRDBHETH D, FE DI A AV
IRKREEHT 5.

5-1 S:EMEERTIRSF VIR

()R TRDLHEPR LOBDOHER KA A VIR L
A&HR L OBIRY Fig. 6 1R W & EoEN—
WA F VIRE L EGESHAROBRIL(6), (T)RDI>5K
BE IS,

Ff(Czn) = (5.5x101/Cy,) +2.6

f(Cpe) =(5.2%10%/Cy,) +2.6 X 102----....
HROEGARMEL B Licdi2THAsC K& < &t
D, 0% ErDERENAZ LB, MELLFAT
FHEERT. DI, BEHEEOHEN KA 4 vINRD
W (f(Czx) [f(Cre)) LELMBEDBRE KD % &

0@ :4.8mA/cm?
AA:2.4mA/cm?
ON:0.83mA/cm?

Zn (wt. %)

Fig. 6. Relationship between Zn-Fe alloy com-
‘position and relative secondary ion yield.
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Fig. 8. Relationship between Zn-Fe alloy com-
position and normalized secondary ion intensity
of 180+ and primary O,* ions per sputtered alloy
atoms.
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Zn-Fe alloy plating.

50

Photo. 2. Micro-photograph of double-layered

Table 4. Quantitative analysis of normal area and
black spot area in double-layered Zn-Fe alloy

Ei, 51 TN X Sk A 4 VIR OWT R
5. THIIERMAOL IR EKE IR ERE
DHEELBbh 50, BE, Zn §5% 30~60% HHiR
TEY ERBFERICOWCIEARAHTH 5.

5-3 REBOEM

51280 52 THRTEL I SRR + VIRELR &
SHEOWBE L DBIRE LT, MR KA + v IR T
Bl ThiztSllckET 20, @i tgokc
KT L, BSERC I LT —FIclk s 2 & ialbhot.
DLEDRRIZ S &5\ T, kA 4+ viliE, TREE:
E, B EFOHTRET S Z LIt Ly EBILATTREE
EZzbhb.

BEERDOBERRCHT 2HEPSEROEEL LR
CR A A VIBER L OBRE KD fEEY Fig. 10
g, Fig. 10 s dbmz bk, —k1+ VB
FBECEEST, BEEEO IVEEN B Oh. o
Enb, BERFRC LD, BR-SEAEDOXB O E
BOWMIAIRETH B.

6. ERFITOERH

Hp-SEEDOEBOEENITOFERAMGAE L C, E
BRECHRLLBEEDOEXD I 7 v it BIFROHH
irofe. BERORR % & B ¢ Photo. 2 iR
Photo. 2 TRUALBER L AFEHBOIEERZOE X H [l
SR ETOCERY Fig 11 i3, EESTER - T
BOBRANRABCR IR TV 3S, BERTCRREIOER
IR TH B, Fig. 11 &H TR L -84 0 HiEE
25 Fig 10 oBRBEX AV TCER LR Table 4
KT REDO BN TH 5B/ INMERO S HTCEI L Tit,
ERECHFHU L AZBEELD O X TCHHE L 7 kB
EMeIWMTHENTE, IHR, ZBALDOER
HNLTHHFRCTE S Z Lpbnot.

7. #&
TRA A VBRI A CHER- A DO & B

o
-]

=]
-3

lon intensity (cps )
e =)
N 23

H
B
H
3
3,

1 e, A,

plating.
Normal area Black spot area
Upper layer [Under layer {Upper layer [Under layer
Zn(wt%) 20 88 56 75
Fe(wt%) 80 12 44 25
Fe : X104 Normal area Black spot area
Zn : 2X 102
1.0

Experimental condition : O,*, 12.5kV,
1.5 pA, 60 pmg

(=3

0 12 24 36 48
Sputtering time (min )

12 24

Sputtering time (min)

Fig. 11. Depth profile of Zn and Fe
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