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A Behavior of the Crystal Water of Zinc Phosphate and Its Relation-
ship to Wet Adhesion of Paint on Electro-galvanized Steel

Katsuaki YOSHIOKA, Yuuichi YOSHIDA and Tomomi WATANABE

Synopsis :

A behavior of the crystal water of zinc phosphate and its relationship to wet adhesion of paint on electro—
galvanized steel has been investigated. The conversion coating of Zn,(PO,),4H,0 under the paint film
entirely became dehydrated Zny(PO,),2H,O by baking the film at the every content of Ni and Mn in the

coating.

Mn, Zny(PO,),2H,0 was not rehydrated.

In the case of low contents of Ni and Mn in the coating, Zn,(PO,),2H,0 became rehydrated Zn,
(PO,) 4H,0 by immersion in water on wet adhesion test.

However in the case of high contents Ni and

The rehydration rate decreased with increasing the contents of Ni and Mn in the coating.
Therefore, it was found that the coatlng including high contents of Ni and Mn showed a very good wet

adhesion.
proved to be fine, dense and almost amorphous.
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Moreover, the crystal of zinc phosphate coating including high contents of Ni and Mn was
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Table 1. Concentration of Zn++, Ni++, and
Mn++ of phosphate solution in bath.

Metal ion Concentration (g/1)
Zn* L0
Ni+ 0, 0.6, 1.1, 2.1
Mnt 0, 0.3, 0.6, 0.9, 1.8

<A v b8 RERALL.
2.2 FHEHOILANEBEMG

LA TERS LOLBIRD LR THS.

(1) WiBg : A7 v BERER) (V ¥V v 53 BAK
<A v r8) 2wty ¥, pH 10~11, ¥ 50°C, B&
EfE] 2 min

(2)  7K¥E @ KEK

(3) FiEFA%: Ti [REEHEHF (7 + %V v v 5N-
5: HA~ 1 v 8 0.1wt% ¥, pH 9~10, #HEFE
&, BRIEFE 20s

(4) Abpg : R 50°C, BRERR 2min. JAEEH
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7.
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BELHEIRVCEEE, RBRE AR 180°C
T 20min ZEHEEX L, BEEABLLBARCEZ Y Y-8
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(a2) Ni and Mn content 2.5%
(c) Ni and Mn content 6.2%

Photo. 1.

Table 2. Content ratio of Ni+ and Mn* in
phosphate coating.

Mn* in
bath
Ni* in (g/1) 0 0.3 0.6 0.9 1.8
bath
(g/D)
o Mn% 0 1.3 2.5 5.4 9.5
Ni% 0 0 0 0 0
06 Mn% 0 2.2 3.9 4.7 6.7
’ Ni% 25 | 23 16 1.3 | 0.9
Mn% 0 1.8 3.3 4.6 7.0
L1
Ni% 3.2 31 2.3 2.3 1.6
. Mn% 0 1.4 2.9 4.5 6.9
1
Ni% 4.5 3.9 3.3 3.4 2.6

HEBEROHMERIMETT 2EARED bR 5.

B4 4 v RRETHEA S (Nit+ +Mn++) Fehig
EEDEINT B RE, Bl (Ni+Mn) &H3RiTIEMN
FHERNRED bhB. Ly LKES Ni 85RE K
 Mn §FROBERS L, —HOBHEEY —E
LTS DR RBE R I 5y, —BI L

(b) Ni and Mn content 5.6%
(d) Ni and Mn content 9.5%

SEM photographs of the zinc phosphate coating.
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(a) Before
(b) After—Ni and Mn content 2.5%

Photo. 2. SEM photographs of the zinc phosphate coating before and after wet adhesion test.
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(@) (b)) DFAE, RBRBIOKE (Photo. 2 (a)) 1 ik
L, RBEOEIE (Photo. 2 (b)) 13F L WEIIT
WBHZEAbh 5. '

WICHEE L BIEOW W %2, Xig=A4 27 v 75754
Y- CES L. ZofEE% Photo. 3 xR L 7.
M KEEEMRED RIF I IE (KA (Ni+Mn) &F%X
6.9%, Photo. 3 (¢) (f)) DHEAWIE, Zn, P ofFHE
ERTEHOVLAOMANEEAEROhRVDOIRRL, HEED
B\ (g (Ni+Mn) 4742 2.5%, Photo. 3
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Photo. 2 3 X Ot Photo. 3 7> b, MKBHEMEEOEL
BAEOHEMERTEE L LTH ABEH EEA 3« 7 78
L, BIFABERREE LTEBELIEREE L 0EREA

(c) Before

(d) After—Ni and Mn content 6.9%
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(a) SEM
(b) P
(c) Zn—Ni and Mn content 2.5%
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(d) SEM
(e P
(f) Zn—Ni and Mn content 6.9%

Photo. 3. EPMA analysis of the paint film after wet adhesion test.

T Zng(PO,) .- 4H,0 (Hopeite) o X EHFTE%RT. L
L, BETCRWOIBERMRE X BE1EL
THZERFRIRI. £ CEER (Ni+Mn) &4
RORTHEET 7 v v —BEBELIT, BEBEMND
EER 150, 160, 170, 180°C w2hE L, 7V v —%E
L. ThbORBIKEY XBEITERCTRHIE L&
=5 BEE BATRECEGRR L, FXT Zny(PO,) .-
2H,O0 o XBEIFE %R L.

PO T AR EEYERE % FHE-T 2 B0 BIE T h ABRHSS
REX, 3XC Zng(PO,),-2H,0 TthHr EE 2 5.
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Table 3. Rehydration rate of Ni++ and Mn++
in phosphate coating (wt%).

Mn*in
bath
Ni*in \(g/ 1) 0 0.3 0.6 0.9 1.8
bath
(g/1)
0 100 100 71 38 31
0.6 84 72 35 27 0
L1 73 30 0 0 0
2.1 24 0 0 0 0
o | Mn
1 B 1
~ 00 5 el Ni
S
~ 80
-
z
o
Z €0 0
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O X
(=30} T SN
: \.
o o \.‘
z \C|’
00f e 3
] 1 1 1 1 1
0 20 40 60 80 100

REHVDRATION RATE (%)

Fig. 1. Relation between rehydration rate and
coating composition (Ni or Mn content).
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Fig. 2. Relation between rehydration rate and
coating composition (Ni and Mn content).

Wwighs. LinL, Ni ©Fh Mo X0 b, REEREHFERN
Dl EECEAEIHLTWB T Enb, 4.5% Uk
D Ni GERCHEKLL REIE LR 5 TTaE1H
5. ORI, LSV DRERAFHEL B, L
HLBFA A VL LEBEPCHREINI PR L E 2 5
&, Mn ©Jin Ni kv b k&L, Ni oEh%ERE
Mn OBFEHNHREZELREFOLELDELE L DR
5.

[ UNDER PAINT FILM |

8
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5§ 8 8
T T T
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Ni and Mn CONTENT (%)
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8
§
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REHYDRATION RATE (%)

Fig. 3. Relation between rehydration rate and
coating composition under paint film.

F4bl 59 AFE LB X5, Ni oghREL
REL MBI L DB Lot F VBEETTS
FHELEZORBLN, £ 4 vRBW T AN BLOfE
Hoz7 Ry y FOREREND, Zntt 44 VDR
BECHLHBANSLLDEELDRS.

—75, B (Ni+Mn) SFRCEETS EELSL
BIF7cAHBIBER B bh s = &A%, Fig. 2 2BRHH
ha. ThbbaBERNENBR DR, HAKRNT A
b, BFE 5.6% Ll EOEBETHEAKLLVEENFE
T5.

K7 Y ¥ —BETCRT 5EMKEE Fig. 3 ©
RLT. ZoBHHETHEESR (Ni+Mn) SFREEK
ez, EFRCRVHEBEERTRT. aERAKREL B
oh, BEARTEFWIT5. Fig. 2 LTS &,
FARECEERYRTERETY, 7V v —8ETTRE
KRIVNI W Z Enh, BETANRET S KBRS
5L EFEINS.

3.4 HFREELIEKFOMKBESERICEZLSIEE

(a) b ABEHEEOHRERTF

EigER (Ni+Mn) §FREELIRE, ZOEKEKE
M KB MR & OBfR%E Fig. 4 KR L.

BAEN T¥e ] OBACERY, WABEEREBIRS
SHEfE 100/100 % RL, AR HEINT 2ol T
KEEWEMETTHZ &bhrb.

i KB EETORRO—2 & U LB EEGED
WnAEx bhs. XEEFE T Zng(POy),-2H,0 o
20=11.3 deg &7t v — 7 & Zny(PO,),-4H,0O o 20
=9.65 deg #3 ©— 713 R—TE» bEITIhic FIEE
MR <, WS TR 7.82A 25 9.16 A L
D rEZbRL. Tihbb, HKCESRVEEREE
BoMmrbsrbo Lt BEIRS.
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Fig. 4. Relation between rehydration rate and
wet adhesion.

Ni and Mn CONTENT 25°%

CPS

5 10 15 20 25 30(28)
Niand Mn CONTENT 95°

I 1
5 10 15 20 25

30(26)

Fig. 5. X. D. diagram of zinc phosphate coating
by Cu target.

DR f~7cZ e, b ABEHEEOKESY FE T
LRTELUTHRBEDR, BEDRLENEL RSN
BIEDMBED 5\ IBMEOELHT it v E+4
Tikig\. fofd, FEiEA (Ni+Mn) %538, Zng(PO,),-
2H,0 75 Zng(PO,),-4H,O ~DZE b2 413 % 28
HELTWAZ LIIERCTIEIR T 5.

(b) b ABRHESA K EDOMR & K

%35 13 Hopeite ##E4H L7ca s Ni 100 Mn
YEBIRDHI LR LD, ALK Hopeite %{E2
TEREII L. LasUiedsh, &S 593 Hopeite py
KEZBEKEC XD, BK - BEREEDET> B L
ROREKL b EEAREL 5. cofERIT
Ni ks X0 Mn &% L7\~ Hopeite ¢4 KL
WP ETHZ L5 E%T 5.

EELIL, BBOLOEREELEELORREOTHEY
FESSFHBAT S b0 & LT Hopeite ofgibE
MBERDDESEREOHE) W EHBL, MKiEHs Nit+
Mn) 8FRORL 2 KEY MR T L &,

°

z

G4l Niand Mn CONTENT 25 %,
'—

<
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&

x O}

© L 1 1 -1 i
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3 TEMP. (°C )
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5
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a2t

5

0}

U 1

50 100 150 200 250 300 350
TEMP (°C)

Fig. 6. Thermo gravity analysis of zinc
phosphate coating.

Hopeite @M RATER L, BB L BN T2 o2 2
L7z,

(b-1) BB D HE s RE

BEEFRD Ni 5 X0 Mn SHROZIEEERS X
OCHECEEY 52, RO S HCELDLILNTES.

BV dE 1 X ¢, 3Tk Photo. 1 GRLE. &
e (Ni+Mn) SHFRIHEINT 5 & 52 sk L,
BELT 5. CoEARIESERD OB i —3%
T5.

2 21345 mAEd T, Fig. 5 17k L7z, Hopeite (020),
(040) E@é’ﬁfg& Hopeite (151, 241) T DR EEH AL
L, BEH (Ni+Mn) SHFRN KEL LB,
Hopeite (020), (040) ffiv — 7 BEII/INE e, ik
1~ Hopeite (151, 241) v — 7BENKE D, &
DOUENEBRDOFEC X O TE L Dh,
BEDOEIZ LB b0, Fig. 5 LZircidflEcxi
LA

BIIWAEE T, BEROSGNLEBLEERS S S
R KD FHCHBB L C Fig. 6 KR L. TR
EELY OBYEL FRICIBRERE — %L, K
(Ni+Mn) 5RO K/ DE L ERFITE OB EBL
b3z —v&—FKL7.

(b-2)  RRE &R EBER & o kR a

Hopeite fERBARL, REBEHKEK L ABF
V7 AKBEK EDREC I OTESRE LR 5.

EELIIERNBIEREEC LY oL L pEr S
FRedunw iz, WABKOEEGHE, B pH, HHE
Ehaitie, NRORKRLINNENL 2o 47
DREBMELXEB T, ThixoLi-.
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(a) A-type

(a) | A-TYPE
(72}
o
(&
ALM
5 10 15 20 25 30 (26)
(b) B-TYPE
(2]
o
(8]
1
5 10 15 20 25 30(20)

Fig. 7. X. D. diagram of two types of Hopeite
by Cu target.

Table 4. Characteristics of two types of Hopeite.

Rate of DI-hydrate
Crystal gizs(talm) X. D. intensity plato-area
e \p (040) / (151, 241) *
A-type 5~15 0.9 Clear
B-type 1~2 0. 55~ 1. 00 Non-clear

* JCPDS No. 33-1474

FofER, KL% Photo. 4 © SEM BET,
XigmEires Fig. 7, Fithlfhokgs Table
4 worlLf.

Who BEd, BEoX/NC R&ESh b Hopeite
EAmELE, HERo Ni 3100 Mn £HFEDOXND
B D BALEEE & ORICIEFEICEVEBLLRD S5 &
ERBHHRD.

DR SEES (Ni+Mn) SFRE EFTPL
&, NE7chigo Hopeite #EGWRIESE, JRMERT
DI A HFRC—KT B Labhot. ¥lcrodF
BERSOSERER, NMELXEREIEC LD, Tk
+ %, Hopeite (040), (151, 241) m®D v — VR DE
Wiy, FRTHILENTES.

(b) B-type
Photo. 4. SEM photographs of Hopeite.
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D ARSI X A KEEREOR EX BRYE L
T, WERAKDBK - HAEENCEH LRI LR,
KOMER B

1. ABEREY B THD0 0 ABHEHREIKE
LT, KR Ni X8 Mn §HRDE\KEHIE
B TH DI,

2. BETOREEL, TCKED RETH
h, KOBE - FHRC L) HRACHEKEBECELTSHZ L
RHE LK.

3. HlERo Ni X0 Mo §HROE V- HERIE L,
—AKHED SEAENOBRELHE L, BEREERED
BI85 & B L.

4. FEEFRo Ni kL0t Mn FRBEINT 5TH
\», Hopeite f&HoIEHBERI VML, LORKRE
KENMETT B0 LRI,
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