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Influences of Drying Temperature on States and Physical Properties of
Dry-in-place Type Chromate Coating Film

Arata SuDA, Takao OGINO and Shigeo TANAKA

Synopsis :

Influence of drying temperature on states and physical properties of a dry-in-place type chromate coating
which contains Cr(Il ), Cr(Vl), and PO,®~ were investigated by thermal analysis method. And also the
relationship between thermal states and corrosion resistance was studied. '

The result of the differential thermal analysis method with the chromate coating at wide range of
temperature shows characteristics reactions of inorganic materials.

Endothermic reaction at a range from 85°C till 200°C and exothermic reaction from 200°C till 300 °C were
found. * The chromate coating can be divided into three states from the result of this thermal behavior.

The result of corrosion test of this chromate coated galvanized steel between visual and electrochemical
method exhibits the best performance with drying at the end temperature of the endothermic reaction.

It was also proved by values of chromium fixed ratio in coating that chromate coating had several thermal
states and exhibited different physical properties as adhesion strength etc.

Key words : dry-in-place type chromate coating; thermal analysis; chromium fixed ratio; corrosion

resistance ; solubility ; physical property ; drying temperature.
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Table 1. Component of chromate solution.
Reagents Weight (g)
CrO; 200
75 % H3PO4 60
Methanol 18
Water 222
Total 500
2. £ B F &
21 BORHEH

FHLAZZ702— MEOMM % Table 1 (Z/R7.
Ky O LEEAKEBERICATF VTV I— LV ER/RNT AL
&k, Cr(VM) »#50% % Cr(ll) i2&5% (Cr(VI)/

M)=1/1) L. 37, EEICT=F & LTHL

FOABREGRML, BRMEEY ABEA A > (POS)
L& Cr oEEILT (PO, /Total Cr) 4/10 & L 7-.
Ihonrux— FRBERETERT 7 HEEMAAET
PRAF L 72 EBRIC R L 2.

EWILEOYEF #id Cr(V) % B b E el
L7z, #Wix Cr(W) 2 &ETEELETHE L, ZO%kIc
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D, BOBooEEYRD L. FAHHINETICEITESE
HMELIZEZ A 49.5% TH o 1:
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WEHAR % 65°C L TOMIR TR 2 &1R S 10,
AELE 2008 24 v T :LU\TO)?BJ?K (Tl AR) oL
TEATIC D72, Fimd g 10°C/min & L2, &P
MEDMBEKEERESELH DI 65°C T 20 min £
L2RICAmE ML 72, BofrE il o —E3
SSC5040 TG/DTA300, #imE (2B L Cid s E s i 40
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ERHLZ. SRR ZERP e L.
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i AR L Tid, Zn-Ni ® - S8 (0 - S f+5 =
20g/m?) % By o2 — MR THE L, HAEER
B (SST, JISZ2371) 2B THBIgE L., 2 ax—}
WP, N—a—F—CTFHEREBA L, 704
fHERELHLT v 7 2AFETHE L T 600 mg/m? & 7%
HELHWCL B, SSTIIBITA Cr idREE % &
FL0l, DEOXL) L8Oy 0 L fF58I125%
L7 WERBRREIZ DWW B X ) 1B ENIRE
(Peak metal temperature) T 85, 127, 200, 300°C &
L7-. & BRLHEMRE IR Lo 5EhHEL A A — 7
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7 7, 5~0.001Hz id FFT &2 L v illlwE), SRE
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W& LMl i ERHIREE 300 s BRICBAMG L 7o, e
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Fig. 1. Thermal analysis with powder sample of
chromate.
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Fig. 2. Chromium fixed ratio in each solution at

50°C.
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Table 2. Appearance of the specimen after salt
spray test.
SST Drying temperature (°C)
th) 85 127 200 300
0 O Q O Q
48 w @) O @)
120 W W O W
216 W W O W
1128 W w O R

() : No corrosion W : White rust R : Red rust

A

Red rust

Red rust

log impedance [Zi/Q  cm?
(6]
1

W : Warburg impedance detected.
tist. (85C) w:127C

37 & - 2nd. (200C) # : 3rd. (300C) x: Blank(Non .
. coating)

1128

T T T
0 48 120 216 Time (hrs.)

Fig. 3. [Evaluation of corrosion resistance by
A. C. impedance method.
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Fig. 4. Residual Cr amount by salt spray test at
each state of chromate coating.
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Table 3. Appearance of chromate coating film
after punching test.

State Punching test

") Before After
st (85) Non crack Cracked
2nd (200) Non crack Non crack
3rd (300) Cracked Cracked

Table 4. Fracture mode of chromate coating film
on adhesion test.

State (°C) Results
Ist (85) Good
2nd (200) Poor
3rd (300) Good

Good : Coheisive failure in adhesives
Poor : Peeling off between chromate coating film and substrate

PREAM % 45 mm ¢ T HIKE, FI bk n 7zl o »
TR M T L, REomERIZhE LTy
Ty VHEROFEEBIE L.
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A= FEBROEE T GEEROFOEENLDNE
Motz 12750, ZORRE Zo-Ni Do SHME O
ENICBEBERZ A LEFTERVY, SE D&KM%
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THEIL, Do s o - EFEERC, £ORK
HEOHE THAEBERBL CTHE I L2 &I X500
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Dry-in-place type chromate coating
Cre+, Crs+, PO,* System

d 4

Insoluble Dissoluble

constituent constituent
il Il

Barrier Passivation

Fig. 5. Mechanism of corrosion resistance of
dry-in-place type chromate coating.
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Table 5. Solubility and dissolved Cr concentra-
tion of chromate powder.

State (°C) Solubility (wt%) Cr conc. (ppm)
1st (85) 79.8 202.9
2nd (200) 36.4 168.8
3rd (300) 9.7 3.5

Chromate powder 1g in 250 ml water at 60°C for 48 h

- Amr. CrPO
Cré PO cpee

”L.J

mr. CrPO,
+ Amr. CrPQO,
cr “ cp

Cre+

OH stretching 1st. (85C)

2nd. (200°C)
OH stretching

]

OH stretching
Amr. CrPO,

f
I Amr. CrPO, : Amorphous CrPQO,

T L} T ) i 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm)

Ll_l
Amr. CrPO,
Amr. CrPO,

Cré+ Cre+

Trancsmittance

Cré

3rd. (300°C)

Fig. 6. IR spectra of insoluble constituent.
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A4 VIR OWTIE, B TIRRB L 45 2 IRED iR 12
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BOZO LA LAENRLANI ED, 22 TLHER
snr.

3:5-2  KEEER DR

Fig. 6 (2 IR MIER R 2R3, KEBRT VWL
DREIZBWTS, FMHADARY oL, Cr(V),
Cr(M)'®720 OH, »Hiis .

AEHBF o b ABEL Cr(ll) &2 (&K) FE
BEDAREZ O L2 BT AHbDEEZONS, T,
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W DA Cry03 - nH:0 & &55-F Cr(OH)3 2T 5
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Cr® o Amr. CrPO,
| Cre

i

OH stretching 1st. (857C)

Amr. CrPQ,
Cré+
2 CF, Amr. CrPQ,
c . 4
s 2nd. (200°C) Cre Cr
€
3 OH stretching
g
= T
Amr. CrPO,

OH stretching

rG»
3rd. (300°C) Hr Cré+ o

Amr. CrPO, : Amorphous CrPO,
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm™)

Fig. 7. IR spectra of dissoluble constituent.
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Fig. 8. Composition ratio of insoluble constituents Fig. 9. Composition ratio of dissoluble con-

in chromate powder.
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