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On-Line Analyzer for the Concentration of Ni-Zn Alloy Plating Bath

Nobukatsu FUJINO, Yoshiro MATSUMOTO, Atsuyoshi SHIBUYA,

Hideyoku NAKAHARA, Ikuo NAKASE, and Adkihiro Korzumr

Synopsis :

Ni~Zn electroplated steel shows good corrosion resistance.

It is important in the production of the

electroplated steel to control the concentration of Ni?t and Zn?t in plating bath. An on-line analysis
instrument by fluorescent X-ray analysis was developed for the process control.

(1) The analyzer consists of sampling-line and X-ray analysis instrument.
fed to the X-ray analysis instrument through sampling-line from plating trays.

done fully automatically.

(2) Fluorescent X-ray analysis system with energy dispersive method is used.
the concentration of SO,2~ and Fe?* in determination of the concentration of Ni?*t and Zn2*+.

The plating solution is
These operations are

It is necessary to correct
Measuring

of fluorescent X-ray of S is easy in the air by the analysis system.
(3) For X-ray source, W target is used for excitation of Ni, Zn, and Fe fluorescent X~ray, and Cr target

for S fluorescent X-ray, respectively.

(4) The analytical accuracy in on-line analysis was 0.77 g/! and 0.48 g/l for Ni** and Zn?*, respec—
tively. The time required for one cycle analysis is eight minutes.
(5) This analyzer has been running for about two years without any trouble.
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Fig. 1. Schematic diagram of on-line
analyzer for the concentration in pla-
ting bath for electroplated Ni-Zn alloy
sheet steel production.
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(c¢) calculation system

Photo. 2. Fluorescent X-ray analysis system.

(IWERC X 5D EKAFD Fe, Ni, Zn o
KXgEEONE, ()WERKCIS FY 7 FHIERE
#io Fe, Ni, Zn OWKEXHMmEORE, (iii)Cr
BERIC XA VY 7 PIERAEERD S 08X XKRHE O
BigE, (iv)Cr IR X 5D >EEARIO S DHIEXHE
MECHEY ZThZTh 100s 75, RezhZhoX
BERE ) DEBMESEXTV, 2¥FfEo CRT £REk
IVOTY V2~ ~DRBERREITS.

Photo. 2 KHMHEEOCFEEX/RT. (a)doWkE
OFRETH D, Si(Li)PHEAERHIEORMTE, XiRMat
E LORREBE R L >TERER TS, (b)
TREARBTHY, EUNAERDOEROER, A
BAFY 7 P RIEAEERTH S, ()T — xR~
AT ATHD.

3. ERELCELIEITHETROER

F VoA YR ORIBECHI Y, ERE G0k
XM i LR THRETROPEY TRICHEEL

— 146 —



Ni-Zn 5&BLADOEBREOAF VY 14 v it 1513

729 T, MEXBRHBEREONNEET2DO0XK
R L, By X EeaXs s L, —kaeX
MOHLEEL, ROKXEACEKTER T,
k-Ip- W,
T Wy ()

#y=pyt/ sin ¢+ pjip/ sin ¢
s,
I : Xk (14 V) | OREXgnmEs
Iy - RS KR D
W;: Bk (14v) jOoEES T
W, : T HE (14 V) jOoEESK
pt i TR (AA4V) CLOBRAOXBOHEE

DNEER 4

P I (A V) REBHMTEE I omkX
B0 B ERINFREL

¢, ¢ BEXER IOCWREXGE1RARREE /ot
A

ko EH
(§®jmmi%@&)

KR LT HDOERHDOR L Nizt, Zn2+, Fez+,
Na+, H+*, 8O0~ &I HO th % .Nitt o
DHEX R NiKa g (1) Re@HT5 &

Inik, =
k-I,- Wni?s

#Niz+- WNizs + fzn2+ - Wzn2++ fFez - Wre2+ + INa* - WNa
+#Hr - Wh*+ #5042~ - Ws0,2-+ 1,0 WH,0

e (2)
T b, NIK, @ Nizt b gt
HETLER (A7) OFELY S T3 Lovbnb.
2T NiK, #SECE IO I BEOFE o 2
ExstERCR L. ERSOBEN ORI 1%L
W& 5 BAER
Wiiz+ + Wznz+ +Wrez+ + Wia+ + Wy
+Ws0,2-+ WH,0=1 «rreeevininiiiiiiinnn (3)
THWT W0 #lEEL, DOXWEFORY OBES,
BEACOhAEEY ) OERE, Thbb w(g/l)T
KL, DOEROFEY p(g/cm®) T35, W=
wi/(1000x p) &7ch. DOEROBEECOWCITERE
BafFf L, FEFCIVHEEL, wyps, wapet, wy,*,
wgoi~ & OBER (BHWIL, wre+, wH % p DEEEIC
BN, NRLLIEDODERTREEEND LD TR
Wit) HENERI L hRDI-E =B
p=1.01+0.000945- w2+ 40.000894 - 20,2+
+0.000761 - wN,+ +0.000816 - wgpq2-4

Ehot. &, AHARBIOCHRIB LAY 45°, AHX
BoOWELY 0.6 A (12FEBE 30KV CoHEE X B0
RAEEER) LT 5% &, HERNAROME L. S.
Birks @ 3 D% A\ E D NiK, SERE RO RILE

Ll
INika _ Wit - (5)
ho 86-wNiz++105-wzn2++35-wNa+

+47-wgo42-+ 13 450

Elen. NiK, BEER LCik, Nat & B85,
Db D XY FEUTNEL, DOXKROEEREOEEE
b, TOEBERIINI L,

R, FRCLY, XETEOPELRE L. EB
EEER TR IKF-4 AR XBomEETchy,
Cr B A 30kV-5mA ot CcRlE LR, &
D EROPECIL LR R AR A ST v,
BHECIIEE6y 0= 15 —FEaFEH LEx. REER
HZLDOZRORKBERD LOWHZ B < TodERI
BTRRKDE T LI, EEDHOETWRANL, Hlk=
v ¥ VB IURBRESOREXHEL, FEFREERE
X oL, Nzt L8 Zn2t OEENEGOL D
#EBL L 7.

Ni2* oW CO#EES Fig. 4 1wiz+.Niz+ L Zn2+
7 NiK, EECR JIZTEELYFAEL-LDOTHS.
Zn** BEEHK—TET Ni2* WEITLLE A T,
NiK, f#esfE s Ni*t BE L OB —~KRoRER & 7o
0%, Zn*t BEIEMET S E NiK, EEI RIZE
XY BEET 5, RERIRLOLbDERE &
s, EEIIE, Nzt R IO Zn2t iUl

(x10%)

3l SO4Z'=I.64-Niz++l.47-Zn2++209{5la+
(%)

intensity {cps)

Ni Ko

(o]
O 20 40 60 80 100
NiZ* (92)
Fig. 4. Relation between NiK, intensity and
concentration of plating bath,

— 147 —



1514 g r W % 69 £ (1983) 1T
5 OBGRE AWT, Nizv, Zn?* BEYTEELCERE
( x 103) | S047=1.6aN**+14720% "+ 2.09Na" Fig. 6 R4, \Wihd NaSO, ofgEx 505 C
8 (9/2) Lavbhing., Ei Fetr OmMcoWToOERBR TR
ek ENE bhi,
2 ChBDRKRL D, S ORE T, Ni#t, Zndt
LItz Na+, Fez+, SOg2-7s i oW TC A HT 5% BE
26 BB C & Dot BIEXBAPINEST, 2D
K] RELROPBOKRE, S, BIU Fe oBEXEM
2 5 ERRIET S e L.
[72)
g . 1. BEFEBLUARER
N 4-1 FFHZE
S 3 Na'=25% (1) MWEEEX
N G WIEHBE E LT JIS i St 3 k0 s O
- 0 BED SRR S h, WEAROWECSWTH 2, 3
30 KA SR T B 5, KHOEWOMETIE, WL
. 80 FURIE L, 03 LB 5 A L.
100 BMERIKRTEIR, BEI~ Y 5 7 AROYE
L BRE L, T HOWEXBIMEOWMEN 57 Niz+,

1
0O 20 40 60 80 100

Zn?* (9/2)

Fig. 5. Relation]between}ZnK,intensity and
concentration of plating bath.

NiZ* (@/2)
3

8

Analytical value
znttam)
s 38 8

1 i
-] 150
NazS0s (942)
Fig. 6. Inflence of Na,SO, on the analytical va-
lue of the concentration Ni2+ and Zn2+.

(o]

(o]

SO}~ OEELEL TS, ¥, ZoK, HEECOW
Td NiK, BoBE LKL T Nizr BENELTS
& ZnK, EHE L Zo2t BE L OREHX Fig. 5 o
XowRigokbnbin b, X b, Nizt(NiSO,),
Zn?* (ZnSO,) RE—TET, Na,SO, 237N S HicRB
©o NiK, #, ZoK, $HEELHEL, Fig. 4, Fig.

Zn%+, Fez+, SOgz2- &>\ Tf72of-.
w1=R1(1+12Mij'wj)'1i+ei cerreeeeeieenns (6)

> > v
(. )

w; A A v ORE (/D)

I i 4 A v OB XREBE

R; : fRE

My FIERE My &)

& ¢ BEMERE

wy A+ VvOERE (Ni2t, Zn?t,

(g/1)
Ry, My, & OECOWTIHEERYHV, FhEh
DERRKIO 1 A VBELHEXBONEBE L1 LE
EERC IV EHLE
FAABOSITEVELAEC X v 7ok, £14
VBRI O,

wi=R; T +¢;
kD (wh O 1BICLUTO wi, wj OFndFHE
B A ET) LT

wi=R;- (l+§MiJ"w})+5i

Fert, SO2-)

w?:RdL+%bhwa“)+q

EREDIRLIERTV
glil_*nwiglo_s
Wy

Cieotc E FINE LI LTCEHERZETL, $0EED

— 148 —



Ni-Zn £4&EEXR Do %

BREOF VS A4 vkt 1515

w} HoPEE L.
(2) RAEARZ "ABOSHE IO, 275 v F
FHIE

(x103
“;_; Excitation , Cr 15kV-400 pA
€ 40
3 Somple , Water
S
> 30} CrKat
5 I
$
£ 20f
3 S Ka
v 10} \
bd
Ar Ko F
() . g, e
200 400 600 800 000

Channel number

Fig. 7. Background X-ray spectrum by Cr
target tube.

HIEALZ b AEIT S, Fe, Ni X Zn o)X
BThD, RAFF 4 VRATFIAF BT S
FRoOBEXBHEDOESF + v A NVEBHORER XY
RNy 275V FRIEEOWTHREL L.

XIGEERD D OBELXERIE AR 7 F B LIFT
PEYERCKERAWCHEELL. G FRoHE 0
SK,(5.3730A, 2.31keV) HIEC BT B~ Ay 7 75 ¥
Fix Fig. 7 Rt X sre@2gho7r=v(0.93% &
7)) OEXE ArK, (4.1928A, 2.96keV) o=
NAkE\. WEROEGD Ny 7 75 v Fik Fig. 8 1©
FT X 51 WLy (a, : 1.4764A, 8.40keV, a,: 1.4874
A, 8.3¢keV), WLg(8,:1.28184, 9.67keV, B,:
1.2446A, 9.96keV) DEEREhFh, ZnK,(1.4365

(x1O

» Excitation, W 30 kV-50pA

§ 4or Sample, Water

Q

> 30}

@

s

€ 20r Zn Ka

) wig  ZpKp

>l< 10k Wia ’/"\ Wiy

AP AT e

i L e P )

[e]
I+

200 200 600 800
Channel  number

1000 1200 Fig. 8. Background X-ray spectrum
by W target tube.

(x10) Excitation, Cr 15kV-4004A
— u n, Cr -
B 200 SKi (60cps) xenaten. & v
S 40r i Sample, Zn°*:20 Y
38 Nizt 60U
24 . g
> 30 fe o 1%
¥ sof™: 129%
=4
2
£ 20f
=)
I Nikx
% 1of
Crix 'Y NiKs ZnKy
. i % NiKp
0o 1 1 f RN Znke
200 A 400 600 800 1000
Channel number Fig. 9. X-ray spectrum by Cr target tube
(x10) Excitation, W 30kV-50 pA
= Sample, Zn?*: 20 Y
» 4O0F 200 Nit*: 60 Y
;8. S Ka(19¢cps) Ni Ko Fe?: | 9
L 30l 100k (IOI75cps) SOf': 129 94
> A
2
& 201 0
£
g 1ok Znka
x Fe & Ni,’f(éﬂ\ ZnKp
oL . 162s (65959
200 400 600 1000

Channel number

Fig. 10. X-ray spectrum by W target tube.

149 —



1516 g% & M

% 69 4 (1983) 1%

A, 8.63keV), ZnK,(1.2953A, 9.57keV) 1wk %<
BHhTuwab.

wiz, DOBRD ALY b AHAE Cr FHRE T UW
BRI OWTHIE LR % Fig. 9 5 XU Fig. 10
FhERTT. ChLofERN DL S OHNEXRORIE
ik Cr ERVEDTH B Z Lhvbhsb.

S oK XggnapE (1) & LTk, 195~260ch. D#
BOMEE (R) A5 100~165ch. OEEADHES S o
7759 v FEE (H) LT3k I=R—H %\
7-. Fe o3REXEMEsiz 610~675ch., Ni oapkX
HEREEIT 705~790ch. DEEEEH L, FhFh K,
BEREL, Sy 777 v FEERT2T R\, Zn
OYIXFHE I OWTIE K, #T1k NiK BoEX
D OEENRKE D, Kg $i%x L 7.920~1000 ch.
OEED KpREMEL, ZORXERE (R) b
WL, o®E ) w5\, WL SRo@ERDix, 1050
~1190ch. » WL $osp (H) REL, I =R-
0.40x H DB HRDIBARAN S Zn 030k X )
MEREH UL,

iz, FU 7 MEEERKD X S0l RO
Fe, Ni, Zn 5 X O0'S O XFEHREFNF L T DO W
T, REBIERFFCHE L-E I8 L oWk iER
IS olbkiRDD. HHRO DD E AR O RER
EIY ko KI(=I/I5-1) #@EHREELLT, FV7
FIEX T O,

(3) BWEHROER

B (ERR) ORI X EOBHERE

% Table 1 &, ZhHOREDA, 7 75 v VEER
DOPIEMES Table 2 TR, O X WWEERK O H]
EREND (6)RDBVELAEC IO L R
7o. Ry, My, ¢ OFhFhofliz Table 3 iR,
F7-, OIEFERE o4 13 Zn2+, Niz+, SOI-, Fe2* o

Table 1. Standard sample (g/l).
Sample No. Zn2+ Niz+ SO,42- Fel2+ Na*
1 25.0 0.0 36.8 0.0 0.0
2 0.0 5.0 8.2 0.0 0.0
3 0.0 20.0 32.7 0.0 0.0
4 0.0 40.0 65.4 0.0 0.0
5 0.0 80.0 130.9 0.0 0.0
6 0.0 0.0 100.0 0.0 0.0
7 0.0 0.0 105.0 0.0 0.0
8 0.0 0.0 200.0 0.0 0.0
9 10.0 20.0 62.5 1.0 6.4
10 20.0 40.0 125.0 2.0 12.8
11 40.0 80.0 250.0 4.0 25.6
12 0.0 0.0 0.9 0.5 0.0
13 0.0 0.0 3.4 2.0 0.0
14 0.0 0.0 0.0 0.0 0.0
15 10.0 10.0 32.4 0.8 0.0
16 20.0 20.0 64.7 1.5 0.0
17 40.0 40.0 129.4 3.0 0.0
18 2.0 20.0 36.8 0.3 0.0
19 5.0 40.0 73.7 0.5 0.0
20 10.0 80.0 147.3 1.0 0.0

Table 2. Fluorescent X-ray intensity (cps).

SGI{J‘:)P"? ZnKs NiKo SKa FeKd
| 677 63 38.42 19.46 14.17
2 -0.49 368.06 2.92 13.52
3 2.12 1795.85 17.00 14.04
4 3.09 2846.35 34.69 1523
5 2.62 a4040,77 60.11 17.08
6 ~-0.12 15.53 54.95 10.90
7 -0.31 13.68 76.61 10.93
8 -0.03 12.78 94.01 9.90
9 183.86 1591.72 3353 47.15
10 231.05 2316.67 58.58 67.32
11 26566 3005.45 94.03 91.29
12 -0.97 18.60 -1.41 37.74
13 -0.63 25.47 0.76 114.09
14 -1.42 156.79 -2.49 13.07
15 247.7) 982.47 18.47 49,52
16 341.26 1581.70 35.07 77.38
|17 420.3| 2273.64 59.24 110.95
18 54.92 1802.02 21.00 25.98
19 71.4] 2782.97 39.73 36.39
20 84.74 3907.69 66.08 49.24

Note : Background correction is done in intensity of ZnKg and
SK . finorescent X-ray.

Table 3. Regression coefficient.

Mij Ri €i
N t {]
i il z® [ Ni® | sod Fe?t
Zn2+ | 00143 | 00363 | 00080 | 0.0654| 5.98 |-0.045
Ni2t | 0.0055] 00024 | 0.0093 |[-0.1257| 2.51 |-0.260
5042 | 0.0033 | 00021 | 0.0022 |-0.0094| 1.36 | 3310
Fe2* |[-00092|-00102 | 00100 | 00414| 1.76 |-0362
3
= 'sf
dc 1.0 == %
~N
05F
3 1.2F
o 1.0 - ey -
&2 osh
=z | I 1 ! 1
0 10 20 30 40 50
Time (hr)

Fig. 11. Example of analysis result of the con-
centration of Ni2+ and Zn2+ at the production of
Ni-Zn electroplated steel sheet.

(a. u. ) : arbitrary unit.
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HEIRCHEB LT\ 5.
5. # B

Ni-Zn BERDOEMW OB KT 5D OXEED
HEE BRY & LIeBEXBAON TR LB+ v 514 v D
BHEAOWMAXHAR L. BRIKRDO LB THSB.

(1) Fvs a4 vEBHPHIRBERIGR & o EE
ELDER IR, HOXF54 VvODOREMA LD O
HOPERECHSE L, OV ET5. Co—H#HOEMFI,
FEM|AT 24 FREERE L CTITX 5.

(2) WEARL =2A1F-HEBOHEXEHW
JiRE L. Miz+, Zn2* oERICOWTIE, SOi-,
Fer* BEOMIELXT Ok, =k AF—HHBTIESO
MAXBBEELRFCHETE 5.

(3) ByREEE LT, KEXEF%B025 N,
Zn, Fe OREXHEMEIIWER, S OREXFMEX
Cr BFREYAV. oL XOXBREEBRIWERE
Cr BRO2EENOEBRIK, TROBB VLN
THETH B.

(4) AoWzHIMEHRDOXRCLFEAL, BEs
A4 VCEBOWEHE LT, ERCHEHL TV 5.
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