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1.

Table 1. Characteristics of zinc phosphate coating and paint/phosphate
coating quality.

. . Solvent type s .

Characteristics of zinc paint Electro deposition paint Quality of paint/phosphate
phosphate coating on ‘coatings .
metal (spray) Anion ED Cation ED ‘

Coating appearance o o _ O Appearance

Corrosion resistance

Crystal ‘form Paint adhesion

@ O O Corrosion resistance
Coating weight O O ) Paint adhesion
Corrosion resistance
Phosphophyllite ratio O o o Paint adhesion
Corrosion resistance
Electric resistance Electro-deposition voltage
- o O Throwin
g power

Dissolution of coating in . o ) Appearance )
electro-deposition Corrosion resistance

Dissolution of metal in - o A Corrosion reisitance
electro-depositon

Ferrokyl test O a) N Corrosion resistance

Anodic polarization O D D Corrosion resistance

Alkali resistance — D O Corrosion resistance

Acid resistance — D O Corrosion resistance

Heat resistance A A A Stability in painting

Note : Marks in this table show a correlation between zinc phosphate coating and paint/phosphate coating.
@ RIIT RN strong correlation, Qeesessecesss medium correlation, \es+eeeeeeweak correlation.

x min 54 4 10 A 23 B2H (Received Oct. 23, 1979) (HREREI RR)
¥ OAS—H 54TV 7 () BTEH (Nihon Parkerizing, 2-14-12 Nakaikegami Ota-ku 146)
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Glancing Angle :45°
Photo. 1. SEM image of zinc-phosphate coating.
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Photo. 2. SEM image of zinc-phosphate coating.
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Glancing Angle :90°
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Photo. 3. SEM image of zinc-phosphate coating.
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Photo. 4. SEM image of zinc-phosphate coating.
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Glancing Angle :90°

Glancing Angle :45
Photo. 5. SEM image of zinc-phosphate coating.
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Photo. 6. SEM image of zinc-phosphate coating.
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Fig. 1. Electric-resistance of zinc phosphate coating on steel.
Horizontal scanning over the surface.
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Photo. 7. Result of A-P Cycle Test for 3 coated sheets with zinc phosphate conversion coating.
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Scab corrosion Resistance

Fig. 2. Fraction of phosphophyllite vs scab cor-
rosion resistance.
Fraction of phosphyllite : Determined by
X-ray diffraction data in terms of (100)
peak of phosphophyllite and (020) peak
of hopeite.
Coating : Zinc-phosphate (spray type)
Painting : ED primer
Steel : SPCC-D (for car body)

Table 2. Scab corrosion test method.

Procedure Experimental conditions

At least 12hrs after
finish coating

2. Water soak 38°C, 5 days
3. Air dry l1h
4. Chipping

1. Aging

Dropping of 100 piecies of
1/4 in. nut from 4.5m
height

Consecutive cycle of
3 days-salt spray and

5. Salt spray &
Exposure cycle

(4 cycles) 4 days-out door exposure
. Salt spray 3 days
7. Air dry 0.5h

Tape peeling By scotch tape

Phosphophyllite [t (P/P+H)
__ Phosphophyllite (100) X #gag s
Phosphophyllite (100) X4k
+Hopeite (020) X#pnips
LR & OB A RS L. Fig. 2 3&ERLS O
) VERIBIEEOR A 7 v — A LT B bRt EER D
Phosphophyllite & fitgith: o> BIEE & L. WAEM
A V2 B T 2 MK S T akBA Tl /e { “Scab Corrosion
Test” (Table 2) %Ff L7z, Table 2 OEE ¥ hiF
ERIOMBAMZRE L <A % &, BAEEHEK —0.67421
¢ Phosphophyllite I Xt e FHBAEAR 235 b,
Phosphophyllite M3 SN & o I E B 7 & Offio

1.0

o o =
S~ (o)) [ee]
.
.
.
3
.

Fraction by X-ray method

o
)

0.2 04 0.6 08 1.0
Fraction by chemical analysis

Fig. 3. Correlation between phosphophyllite
fractions by X-ray method and chemical
analysis.

Full line : Powder of phosphophyllite and
hopeite.
Data points : Zinc-phosphate coating.
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Fig. 4. Correlation between Paintability and
zinc-phosphate coating weight.
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Fig. 5. Infra-red spectra of zinc-phosphate coat-
ing for different coating (CW). Re-
flecting method by polarized light.
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08¢
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Coating weight (g/m?)

Fig. 6. Calibration curve for coating weight
determination of zinc~phosphate by infrar—
ed spectra of different wave length.
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Fig. 7. Calibration curve for coating weight
determination of zinc-phosphate by fluo-
rescent X-ray analysis.

X-ray intensity (X 10° cts)

1 2 3 4 5
Coating weight (g/m?)
Fig. 8. Calibration curve of coating weight

determination of zinc-phosphate by dis-
persive fluorescent X-ray analysis.

5.3 X#FHEFICLIEKRER

3 1z 3\~C Phosphophyllite Hic DU Tik~7end,
% OB Phosphophyllite (100) & Hopeite (020) &
DENT AR & EBE & OB oW, F—bRK
X ATL—AHLTE bR TR RO
B(HRoFEEFEREZHL.

Coating weight (g/m?)

2 3 4 5 6
Coating weight by X-ray diffraction

intensity (g/m?)
Fig. 9. Correlation between coating fluorescent
X-ray analysis and coating weight by
X-ray diffraction analysis.
Full line : Theoretical.
Data points : Zinc-phosphate coating.
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Table 3. Methods of coating weight determination for zinc phosphate coating.

Method Specimen Speed Atomosphere] Range Precision
Stripping by chromic acid Desruction 20~30 min Over 0.1 g/m?
Infra-red spectroscopy Non destruction| 30 s Air I~4 g/m2 +0.5 g/m?
Fluorescent X-ray analysis Non destruction| 20 s Vacuum Zn 1~10 g/m? 4+0.1 g/m2
P 0.5~3 g/m?
Dispersive fluorescent Non destruction| 20 s Air 0.5~5 g/m? +0.2 g/m2
X-ray analysis
X-ray diffraction analysis Non destruction| 1 min Air 1~6 g/m? +1 g/m?2
10%
3 -
E
= t
= = ot .
€ 3 s .
8 - o
S 5
£ 5 EY .
> gﬂ [ )
= 3
o
w ok .! [+ ° ° 'Y [ [ « 9
p/?OSD/] 3 4 5 6 7 8 9 10 11H12 1
0 Pyl p
- Fig. 11. Effect of pH on loss of zinc-phosphate

4 5 6 7 8 9 10 11
pH

Fig. 10. Effect of pH on solubility of phospho-

phyllite and hopeite.

pH value is adjusted by NaOH and

H;PO,.

4, AFA VT 10~12 Lh\vbh b2y, %40 pH
GUTC RIERRAE M TH B Zny(PO,),-4H,0 (Ho-
peite) & Zn,Fe(PO,),-4H,0O (Phosphophyllite) %
W & & ODREE L BT ER O —Flx Fig. 10 5
L7z, ZHIC X% & Phosphophyllite ¥ pH o\ Ff
THRAEELTED, 7aA#s YTt Hopeite, Phos-
phophyllite DZEix BHFE Tigvs.  Z oWIE V74
Aty Hopeite 13338 Ch 573, Phosphophyllite 1352
BRECTHE LI OTHD, ToOWMEL MK —
A T TRBA LT 5 Fe'"Fel (PO,),(OH),, FePO,-
4H,0, Zn,;(PO,),-4H,O &% £ U CHE LT-.
Fig. 11 WD Y VIR B % Fiv~C pH Z8hic &
LEEEHE (KEEER) %/ L. Fig. 10 off &
D LB LT pH WBBEIETRLLH, FhiC X
SEBIMERCE TR T ORI DEES bR X
5. Fig. 11 o8 L v pH 5~11 DRI\t Y
VERHISA R IRIZE TH B

coating.
PH value is adjusted by Britton-Robin-
son buffer solution.
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D VBB E D X 5 e BE T L AT KR S A
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DYE Y VERE M| E i S EIEAIABE L, BlEkE
#BBeic ¥ LERIC 900°C 23 CHRIEINS. = 0BasK
BRI ED L 5B LT D% MoTHke & &
%, HEEOEMTE L THERZ ETHE.

D VERTESAB R R < » 7 AR TIB LT L &, Sh
BRCIKEa» bROCHEG L, FEERC s 5, 208
AD, 250~300°C CcyERE LD, 250~350°C ¢
JKigeb L, B BRI T 5 & B2 B35 . Cupr®

WIREEGT, BORF, XBEHT LD Zng (PO,
210°C 850°C
4H,0 ——— Zng (PO, —— #' 5 2{L L3 LT\

L. ERY bR VERE I OMBELIC k5% T H
ELUTOMRRICE 2 2B DWW TCH LTV 5.
H41n Y VEETES AL S, Hopeite 35 T o8 Phospho-
phyllite 2D\ T, REHKXFER L OXERPC L b,
2R, BRIALABKETOMBI LR R L.

— 164 —

“}



AS

Y v ERTESA G O AR Y 933

7-1 Hopeite Q#TIT
Fig. 12 & Hopeite (GR¥E) o DTA-TG %

Tl Zegmcd E@EFAB LTS £ FA—D
DTA-TG i E bhie. XEBEYTHE R & Hopeite
(RI) oINBZE(LIE Table 4 DX S5, O
DTA ¢ 130°C 3 3108 980°C ©HH R E L — 7 23
b s, XEEHT TR TE /R ofk. 130°C
DY — 713 BEEE ¥EL (2°C/min PF)Y 52 &
X )T S, Ei 980°C D€ — 71% f-Zng (PO,
980°C 1050°C

——— y-Zn3(PO,), —n;t‘* 7-Zng(POy), DOE{LITX
mLTWwW3b ERbhs.

7-2 Phosphophyllite D53 HT

Phosphophyllite D41, FREL* X TMMH S

WD T 4y T ALBAER F R A BIE R LA b D% R
L7, oo EERkE X BEHFSH L v Phospho-
phyllite 95%, Hopeite 5% T, Fig. 13 €D
DTA-TG s R L. X bic Phosphophyllite &
BE, BIO Y VERE— (Fes(PO,),-8H0 FAF)
48] LT Phosphophyllite o ZZ{b% Bt L.
Hopeite > Flfgiczekih & 227 Ao DTA-TG Hif
114 < fil—T, 115,190, 305, 945, 980°C I s 4 iR

Sample Hopeite
Sample Weight 24.8mg
Atmosphere Air or N, Flow
B Exothermic
r DTA
i

{ -
Endothermic

ob
& Weight. Gain TG
L] t
v
Weight. Loss
. { 1 L { ) | { )i t ]

500 1000
Temperature (°C)

Fig. 12. DTA and TG curves of hopeite in
air or N,.

Table 4. Deterioration of hopeite due to
heating in air or N,.

Zn, (PO,), - 4H,0
180°C

Zn3 (PO4) 2 ° ZHZO
1 235°C
a~Zny(POy),
4 965°C
B-Zng(PO,),
1055°C
(Melt)
7-Zng(PO,),

Sample Phosphophyllite
Sample Weight 156mg
Atmosphere Air or N, Flow

Exothermic

DTA

Endothermic

XWeight Gain
L T T ‘
:%O WeigHt. Loss
H L ] 1 1 i M 1 1 L 1 1
500 1000

Temperature {°C)

Fig. 13. DTA and TG curves of phosphophyllite
in air or N,.

Table 5. X-ray diffraction results of phosphophy-
llite after heating at 145, 200, 380, 650,
950 and 1010°C in air or N,.

Air N, Flow

Normal
temp.

145°C| Zn,Fe(PO,),-4H,0 —
Zn; (POy),-2H,0

Zn,Fe(PO,),-4H,0 | Zn,Fe(PO,),-4H,0

200°C | Zng (PO,),-2H,0 Zng (PO,),- 2H,0

400°C | a-Zns(PO,), —

650°C | a-Zn;(POy), —_—
FePO,

950°C| B-Zn;(POy),
Unidentified Comp.
(Melt)

Fey (P Oy,
B-Zng (POY.

Fe;(PO,),

1010°C| 7-Znz(POy),
7-Zn3(PO,),

Unidentified Comp.
(Melt)

Note : ----non experiment

&h 7. Phosphophyllite FH8lf% 225 T L TY
Q &, FK O RSBV EER R TREICI
FEELicy, BEFABTMET S EHETS. O
B Y v EBE—Ccb RUTHY, ZBRHPT TG
thishic 2 B ERNTED bhT, Fell 2ifpacfiib s
h, EEFARTE NEESABERORD Fell ok
13309 Hiia\ . Phosphophyllite FH%LE Ohn#E o X
BEFFERY Table 5 L.

Hopeite & Phosphophyllite YL 7 - M)
&, PSSk Phosphophyllite DFAiE<, A
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934 g% & M

% 66 4 (1980) %57 =

RUL Hopeite ©F2 &\, SEBEE 0y VERTHSFE D
DTA-TG gz Fig. 12 % Fig. 13 3 LT,
Hopeite I » Phosphophyllite ¢4\ 75 7\ i g 7k 1 2
23 < BlEAVEL .

ELE Hopeite 3 X ¢° Phosphophyllite djin#ZE(la
REBOHT, BRF, XBEFIWC I 0 Uk,
BULIAZEIBRTH Y, 5L DY vERHEH KL
COWTHRFEETS. $) VEEREOERTH -
DOTHE, DbED X S Te K OBIL A ELE T 5 LEN D
A5,

8. &

AIZEL LTCHBETHE LT Y vEEEERZAKIED
EREC O\ O Lic. BT L LT ORELE OE
SRy, —HlE LCHBEREROBEA, B, M
CHEINDH, EBF — 29 OHEIHIC X ETHE
BB TH 20% WRATHWS, S0OX5EBETH
ELTDY VEBENEL, BERACKCEERVEY
HHTWB.

i

X Bk

) g EN: ERorfsE, 18 (1966) 7, p. 35
2) MEIER: %R, 7 (1968) 5, p. 41

3) ®ETFN: T¥EARL, 25 (1977) 4, p. 12
4) A2 AFENLY v 7 AR
5) G. D. CeeEver: J. of Coating
Technology 50, (1978) 640, p. 78
6) —WIHERR: R4 BEE, 12 (1971) 4, p. 181
7) EFE—, MM gk 2@, 63 (1977) 7,
p- 1174
8) V. Cupr: Metalloberfliche 14 (1960) 1, p. 17
9) EH—, EWET: B4 36 (1963) 6,
p. 283

* Phosphophyllite o g%l 5

FeSP, 0.5M #¥ziz ZnSO, 1M 1% % i % 40~
50°C iz finiE L Na,HPO, IM # 3% 10 ml 2w ¢ IM
ZnSO, ## 10 ml 2%z 5. Na,HPO, : ZnSO,
BROWME SEEVE Lz, 4 Uik it
MR % 90~100°C < 1 eRIiE T 5. F %%
HWRIZXB2F AV F—v 2 v iElEr 67 DK
L, SHI&HEAkPT 90~100°C © 2~3 H s
Bt 5. COMFHIVYTF— 2 VEBEEREZEDET.
TDHDHM, HEEARTHEEFEL, 90~100°C TE L,
Ak e L. BB XERICE D Zn,Fe(PP,),-
4H,0 %R L, *oHEix 80~95% ¢, Zofh
I X AT L D Fe''Fey'' (PO,),(OH), 34 & 7
£Zh, fiz#Eo FePO,-sH,O Zng (PO,),-
4H,0 4 &%h 5.
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