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Surface Properties of Chromate Coatings Containing Organic Resins

Synopsis :

Makoto NAKAZAWA and Minoru YONENO

In the previous papers, we examined the effects of phosphate and silica in chromate films on the
performance of a chromate-treated electro-galvanized steels, and found that required properties except

paint adhesion were improved by those elements.

In this paper, we examined a small addition of

water-soluble resin to phosphate-silica-chromate solution for improving the paint adhesion.

It was found that the addition of resin less than 1.0mg/m? enhances wet and dry adhesion of the paint
remarkably, but adding an excess amount of resin deteriorates corrosion resistance of the chromate film.

The role of the resin in the improvement of the paint adhesion was considered to be as follows;

The resin tends to be concentrated to the film surface and conceal polar elements such as silica and zinc
phosphate. As a result, the hydrogen bonding force of surface tension of the chromate film is kept

moderate, and the wet adhesion was improved.

Instead, the dispersion force component of surface

tension is increased by resin addition, which improves the dry paint adhesion.
Key words : chromate ; conversion coating; resin; paint adhesion ; electric conductivity ; corrosion

resistance ; surface tension ; surface analysis.
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Table 1. Composition of chromating baths (I) and
the obtained films and electric conductivity of those
films.

Bath composition Film composition Electric
H 2

Sr‘::;" (/D) (mg/m?) conductivity
CrO; SiO; H3PO; Resin| Cr Si P Resin| (™)
RO 60 0 0 0.0/ 3 0 0 0.0 0.10
Rl 60 0 0 5.0/3 0 0 0.3 0.13
R2* | 60 0 0 100/ 30 0 0 0.6 0.10
R3 60 0 0 30.0/ 3 0 0 21 0.11
Sl 60 30 0 0.0/ 3 14 0 0.0 0.15
S2 60 60 0 0.0/ 31 24 0 0.0 0.21
S3* | 60 180 0 0.0 33 70 0 0.0 0.84
P1 60 0 15 0.0 3 0 9 0.0 0.20
P2 60 0 45 00|31 0 2 0.0 0.75
P3* | 60 0 90 0.0] 34 0 39 0.0 3.15

* Also used for evaluating paint adhesion

Table 2. Composition of chromating baths (1I)
and the obtained films.

Bath composition (g/1) Film composition (mg/m?)

CrO3 SiO; H3PO4 Resin Cr Si P Resin

RO-M* | 60 180 90 0.0 | 23 77 23 0.0
RI-M 60 180 90 4.0 0.2
R2-M 60 180 90 8.0 | 25 76 23 0.4
R3-M* 60 180 9  20.0 | 23 75 22 0.9

Specimen

Specimens for evaluating corrosion resistance
* Also used for evaluating paint adhesion
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7 1A, TIFETT 200 kef D S&MATHRIE L 72,

2-2-2 WHEM

M % 150 mm X 70 mm (SEIHT L, ¥mi B L OEH
RHET— 7T =V Lok, FARM B X OIH (GA
ERTRI O A0 2> & B 20 mm, & & S5mm O L)) 7 &
SHHINT) & U CHKEFERE (JIS Z 2371) 2t L
7=,

2:2:3 BHEEN (—KEEBLUOKRESR)
A % 150 mmX70 mm I[ZHJHF L 7288, 2537
VEF FRERE N —T— & — IS TRBREES 25 um &
LB LI EAL,180°C T 30min EEEEE. 27,
EH (—K) BEOTE, PEO(TR) EHBEKIC 30
min 2 L CRBRICHE L 72, BBEAEERBRE, T
HHEERER (1mm) &7 2 B U HBREBRICK D175 72,
Fa R ERRE, BEMICERI-LES 500g, &
WM 12.7mm OHEBBL D FE S 500mm K YET &

Table 3. Composition of chromating baths ()
and the obtained films.

Bath composition (g/1) Film composition (mg/m?)
Specimen

CrO3 SiO2 H3PO; Resin Cr Si P Resin
RS-0 18 0.0 0 8 5.2 0.0 0 0.3
RS-1 18 6.8 0 8 5.9 0.4 0 0.3
RS-2 18 16.6 0 8 5.3 4.2 0 0.3
RS-3 18 30.2 0 8 5.3 9.1 0 0.3
RS-4 18 65.0 0 8 5.3 21.7 0 0.3
RS-5 18 127 .4 0 8 5.1 42.7 0 0.3
RP-0 25 0 0.0 8 7.9 0 0.0 0.3
RP-1 25 0 15.0 8 7.5 0 3.3 0.3
RP-2 25 0 29.6 8 7.1 0 6.2 0.3
RP-3 25 0 50.5 8 7.4 0 11.1 0.3
RP-4 25 0 92.0 8 6.9 0 18.4 0.3
RP-5 25 0 175.6 8 7.4 0 33.5 0.3
RM-0 13 40 0.0 8 5.1 14.1 0.0 0.4
RM-2 13 40 26.0 8 4.0 15.1 6.4 0.3
RM-3 13 40 89.4 8 4.8 16.5 23.7 0.4
RM-4 13 40 134.8 8 6.4 16.0 36.2 0.5
RM-5 13 40 270.2 8 5.3 16.9 76.7 0.4

Specimens for analyzing surface properties

o, MIBEMOBRE % 57— THIBE L THBEOREIZX
N BT ERE L 7.
2:3 70X — b BEOEERIT

2:3-1 OGS

GDS (7 u— BRSO L D ABEEED T
TA7a7 7 A NM%E, XPS (XBAEBFIHGH) 2&
DR O Cr, Si, P, C, O, Zn ODERSHT & IREST
#{Fo7:. 7, CMA (BEBHBEXHK~A 07 F
5 4% —) BT, Cr, Si, P OES5 i 2 i~ 72.
2:3-2 REHRGoEfL

30 mmX30mm AR FEmME P wmE S — VLD
D RIEKEBREBEICHL, 24h k& T2h 1£i2, KEF
®D Cr, Si, P D&%, #XXHITX DR~

2:3:3 KHEERIEITOHEM

20°C 70%RH o EHiRERBEAN THHAM KB L U3
A A F U v LSS, B 1 min ROEMA 2
L7z, choikd &2, Owens HY OFEICL D, WL
EOXRERDOFEIS e, BEIRS v OfE%x
B AR EUHEBIIOWTRIEI Y7L, 1
P TNMICO ERE 3 AT VESEE KD /.

3. £ B # R

3-1 HEM

Table 112, V)4, D AR, SERMCLS 70X —
FEEOEMIKFELRT. YU AR ABORMCK
n, r0x— OEMMIETEBEML, & I ABRRM
DHEBIRKENZ ERbL L. BIROTRMBIEELAS &,
% E 2mg/m? DLT i3, BiiETzz L AL
Tz,

— 101 —



416 B oL %77 4 (1991) & 3 &

3-2 mWEH

Table 4 |2, 7O LEE-> U H-DABE-BHG4 TR
O X — bEEOBIE & E & EAEERER I L DAt
DEALEIRY. 2 Tid Table 2 1278 L -8k % B
WTWh, SEHRM T, BIEMNEELS 0.4 mg/m® %5
it B EBIRERMOBA LD L LARPHIFTH
B, TR ERTEIBIRERNOBAE LS 5
TWa, MM TH, BIEORMC L 2 AR
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Fig. 112, 1mm 28> HH#BERERIC X 58— X%
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Table 4. Effect of resin addition on corrosion
resistance of chromate coatings in salt spraying.

Shaped specimens
(Evaluation on
0~8 scale) ®

Flat specimens
(White rust %)

72h - 144h 72h 144h
Without resin
(RO-M) 0.0 3.2 0.0 2.0
With resin
0.2 mg/m® (R1-M) 0.1 7.1 0.0 6.5
0.4 mg/m? (R2-M) 0.0 1.3 1.0 4.5
0.9 mg/m? (R3-M) 0.1 33 0.0 8.0

* (O+good poor—8

= 100
= 8 As painted
2 After soaking in boiled water
£ 60 '
-
(7]
; 2
E 0 L | 10101
(a) (b) (c) (d) (e)
Fig. 1. Dry and wet adhesion of paint films on

(a) chromate-silica, (b) chromate-phosphate, (c)
chromate-silica-phosphate, (d) chromate-resin,
and (e) chromate-silica-phosphate-resin films.

PDb&b, 7ux— MUBEKOEEE, WEME, #®
s sz yfEommaRts T eos s, (1)
MEM, BIRNEEN 2mg/m? BELZLIE, 3L A
EEELRV (2)AMEVBOBIEORMICL ) E
BT, &R 0.9mg/m? T T, MIHE bR
EHRELIETTA. (452 0.4mg/m? TiX, 8
FX/hswe (3)@BEERE, LEoBEoRMmC
LR ZREEME OB L LB I ENFHES RIS
VAN

4. % =

PERERFEARS A S, 70 2 — FEESICLBORE L
DML CHEE I ECEETT, $-BREEE R
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Lbih I Edbh 7.

ZIC, FTTHARIKT LABHICPWIETOE
BEMAL0L, BHEEVERN LOBEIZ>WTEHLL
i RN
4-1 HEMCEKIFTHIEODR

BI4$? Tid, 2048V Y AR ) AR 7O RX—
MEE O AN IS RIT TR ER TN, BRERY
LTEAL LRV MY 77— &, 6ffir oL
BT, NEILT AMETHH & R k7. 2T,
FTINSOEREIBIELR/MT A I LICEIDETLT
WAPE D R

Table 5 &, 27U LEE- ) -DABO=TTRER
(RO-M) & ZHUCBHE R N 72 UICRERE (R3-M) £
DWW IEKEFEABR T OMBE L2 R RTH S
WEFNRORTH 7 0 AGFIRBEDECIERAFRE R T
VARDADKRARIBIRERZMLAZDDODIET )
W, Bt T, DABBOEINC X B 2 uso@TREl,
BIExAMLCbfTbhTwBEE LA Ihid,
XPS 12k % 70 aDREGHAERICL > THEMNITS
. T/, ) HOWEEIC D\ TIE, Table 5 OFE#
P OEKEREROWHEIN) T - LTRETAOIT
BHREDD)IDVFHRAL TR EEZ LMD,

Table 5. Extant weight of Si, P and Cr in
chromate films during salt spray test (mg/m?).
Specimens/Element Initial After 24h After 72h
RO-M without resin
Cr 34.8 27.3 26.8
Si 74.0 70.1 62.9
P 39.0 33.3 32.5
R3-M with resin
Cr 32.7 27.5 27.0
Si 73.6 70.4 . 68.3
P 36.9 35.5 35.0
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Photo. 1. CMA images of areas where three atoms (Cr, Si, P) are concentrated
(a) chromate-silica-phosphate, (b) chromate-silica-phosphate-resin (0.2mg/m?), (c)
chromate-silica-phosphate-resin (0.4 mg/m?), and (d) chromate-silica-phosphate-resin

(0.9 mg/m?) specimens.
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i¥, Cr, Si, P Off 7 82 8% (& v B #EBHE 2 mm
REETHAETAICE EE 5 TWwAD, BIEERML
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DrLiEEEh, F—FDE62oEHKEW. R2-M &
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ZRF70OX = FAOBEBOFEMDE
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592, Table 3 137K L7 RS-0~5 B £ UF RP-0~5
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SR E U LA (S-0~5 B LU P-0~5) ORERHER
LEEABIALS. UTOERTH, HROELRS Y
OxX— MEEETCOABLOTI I EAFL DI E
T —ETH B ERE L.

4-2-1 BREEE L KERD S

Fig. 2(a)(b) 37 0 A ) A ZOBBEEL LK
BEEIR SO REMARIC XA L2 B LD TH
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_____ Without resin

6 P
il/ —o— With resin
5 Y -o-(0.4mg/m?)
,,,,, Without resin
‘0

w
-—J;

Paint delamination (Rating)

Components of surface tension (mJ/m?)

0 2 4 6 8 1 6 2 4 6 8 10
Si/Cr ratio in chromate film Si/Cr ratio in chromate film

Fig. 2. Surface properties of chromate-silica
films with and without resin; (a) dry (solid lines)
and wet (broken lines) paint delamination (10
(100% delamination) <« poor-good — 0 (no
delamination) , and (b) components of surface
tension 7" (solid lines) and 7¢ (broken lines).
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FREMHEEERE, L0 b0~ TKOB A
LCENMETHDHEEZOLNLL S, T OkFITHRE
TEMEOETNE LEHLTnA,

Fig. 3(a)(b) 2/ 0 20 ABROBEEERT. &
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WTHBEORMIC X o T y* 5 Ly A3+ %
M H 5., BEEEM OB E RS &, P/Crsl
THE—RK, ZREELELDUAEFASR LRV, Zhid
Yh DRI s e E bR B, —F, P/Cr>
1 DT, BIROBMIZIID 7" R R FhtsTwn
BIZbDhbLY, —REFEUNMELTWSE2, Zh
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YhE Yyl DNT U AR N, BRELTK K
EEMEDRIFE R B,

Dl X5, BIgoRMmcL ) >0 s o k&%
AR, DAD—REEBARR L o 2R EHKIGIZHER

8 T 50
T§ (a) E —o— With resin ~ (b)
aeOan 2
B 7 —o— With resin £ -0-- (0.4mg/m?)
= --0-- (0.4mg/m?) p
g 6 7722 Without resin -%
S 8
g S
g Q
£ 34 g
E Wet €
] \ Delamination @
g3 b ion | 2
£ \ °
= 2 \ 1=
a o<l g
1 Dry- - 2
Delamination E
o 1 ! 8

0 1 2 3 4 5
P/Cr ratio in chromate film

5
P/Cr ratio in chromate film

Fig. 3. Surface properties of chromate-phosphate
films with and without resin; (a) dry (solid lines)
and wet (broken lines) paint delamination (10
(100% delamination) + poor-good — 0 (no
delamination) , and "(b) components of surface
tension 7* (solid lines) and ¥¢ (broken lines).
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NOFEGIELBEEZONA.
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5., o THIBEZRMLARTH, 704 ) HRT
B AORKRE~NDRIL, 70 s8) ARBRRTIR
P/Cr 25/N S W T ABE 7 1 &, P/Cr #°K & WiH
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LA L, BIEOFHE X - TRILEDOREIRE IZE N
MHoN, (a) D2 O LEEL Y H RO Siw,
(b) 7 uLEEY ABEZTIZP BXLU P/Cr>1 O#iFH
TD Zn 25, ENFNBHEOHRMI LD KEETLT
WA I, L ZBHIEASERENCRIL L, MR S
DAR)ABRMERE L 220 ELLNR, DL

RBIE DM EN RIS L 0 KEENRE DT 455 &

Zz X, Fig 2, 3 0#ER% ) I FHTE 5.
ZITGDS itky, REWL IFHOBIE 2, 0 £ —
FEBEORSGH % L7-#ER% Fig. 5 I2R7. (a) ®
s OARE- U A BIERTIREFNIT BB TIEZ VW,
(b) ®7 v uF- ) AEE-BIER, BXO (¢) ODMUTH
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(a)
Si{Without resin)

WA
u,)
S 20|
€
@ 5 Si(With resin)
o
K=
-t
<10
g
E 5 . Z0With resin)
o , Zn{Without resin)

0 2 4 6 8 10
Si/Cr ratio in chromate film

(b)

12 P(Without resin)

g
[
3
t 9+t P(With resin)
3
7]
[
s 5L Zn(Without resin)
B Q I
€ i‘ \ e
83wl o
< ‘7()" Zn{With resin)
8 0 1 1 !

0 1 2 3 4 5

P/Cr ratio in chromate film

Fig. 4. Si, P and Zn content at the surface of
chromate-silica and chromate-phosphate films with
and without resin; (a) silicon (solid lines) and
zinc (broken lines) contents at the surface of
chromate-silica films, and (b) phosphorous
(solid lines) and zinc (broken lines) contents at
the surface of chromate-phosphate films.

Tk, B{H 2RO ERTB{LRONS.

B OREEE I L BBEOETRIR % & S 1B
T A, SHICKREO Si, P & RMEIBIER SO
Brke, BIEOFRBIILAEVERELE. KEY
Fig. 6 (a)(b) (Z7RF.

CZTCEPERETNESER, Si,PELbhLrEmMBE
Db s e, BIROAEICEST 7 203213F— DK
BECOBZETHD., ZORPTIIFREOMAHEE
DSiXPORETRE-TEY, BIFOMHFEIIRE
NDSiRPOBEXT A LA WBHEDIT v |
O—VThHhbEEZLNSL, I I THIKENW LI, B
WO 2HF<BE, 70LBEY ) HFERH0.84, 7T L
B ABES2°3.86 C, MENHIEH1:4 LT
. bbb Sik P Ck—ETHy OmEREY
ARES. YIHOERASY TS/ — N (Si-OH), P #*
DAEEE (POS2T) THAHEEZLNAZLELSH DY
BE, REAOWEEZRET AIIH - THBEETOREE

—
(=]

(a)
2 81,si
E g
‘£ Zn
@y
Cr
£,
. ¢
0 06121824 3 36424854 6
TIME (S)
10
E 8 Cr (b)
E g
‘é’ 44 Zn
=
Z,]
c
0 06121824 3 36424854 6
TIME (S)
10
:>: 8 (c)
e
g 'l s z
w 41 n
E P
£,
0¥

0 06121824 3 36424854 6
TIME (S)

Fig. 5. GDS depth profiles of (a) chromate-
silica-resin, (b) chromate-phosphate-resin, and
(c) chromate-silica-phosphate-resin films.

BEFOBREANFEETHL I EHFRBENS.

—77 Si, PIREAVNS VBT, 77 7 FE—HK
O, BHIEXRMLAZLODSA vh H5fkuv. L
7, Fig 4 KWRLAKDIE, ZoEBATREBEICX
% Si R P OWEMENBEE CEL ., £ TRAM
e yd OBRERNIE B, JOHEMTIE, BHE%
"ML OFEEMOLOLY) y4 2 3ml/m? 3 &
Bl o Twi. - T oMNEE T, BIgOHRM
WO REHEERICB LIET BN OESE»EE -
btk HMMCEBEDOFSESETL WS L
Bbhs.

DEOKRLY, ZItRs 0 x— b ~OBERMOR)
B3 Si/Cr, P/Cr DLW TCIRFE L LTHIEES D
SR EY, FECEE TR AR ) ABRTES
WET D LICL D, REOBMN & EECIA, 5
HEDNTG v AZRBoOZ EIZLh—K, ZREEHLR
HiesnreEions.

4-3 ZRBEMCSIETTHEOHE (2)
EXFRT B X — hAOBIBOF MR

RIS, 7OLBE-) A0 AR O X — b ~DOBFR

DFEMFFIZ OV THRE TS, I TERTREEOD

— 105 —



420 % & # 8 77 4 (1991) 8 3 &
50 8 & 50
~—0O— With resin (a) 7 _(a) E
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0l 5 o Odmoma 5w
& | == Without resin @
= c 5r p 2
E k- - 8 . o
T H 8 4 . L R
o 5,0 et ON
&~ 2 fd’: L‘l?‘ /" _Delamination 2
E 2\ / P c 20 —o— With resin
o . FA\Y <" Dry g -=0-- (0.4mg/m?)
. B ) | | | %—"2”Delamination g 77 Without resin
‘ 0 =] [S I 1] 1 —L L ! 1
0 5 10 15 20 25 30 0 1t 2 3 4 5 8 0 1t 2 3 4 5 §
Si Content (%) P/Si ratio in chromate film P/Si ratio in chromate film
Fig. 7. Surface properties of chromate-silica-

~0— With resin (b)
—4-— Without resin

7"(mJ/m?)

0 2 4 6 8 W0 12
P Content (%)
Fig. 6. Relation between Si or P content and ¥*
of chromate-silica and chromate-phosphate films
with and without resin; (a) Si content vs. 7"
of chromate-silica, and (b) P content vs. 7" of
chromate-phosphate. :

Eoud, Si bk PHAEFETLRAT, Bl boiixtL
TH, MO R EBMUMEAETELEIDNTH S,
Lk #r 121t Table 3 @ RM-0~5 % H W% %%, BHIFEOR)
FrFm T 572010, HRTHV -8R IR Mo ft st
(M-0~5) OREHEEGHETGIHL .

4-3-1 BEEZFME L RERIBES

Fig. 7(a)(b) d 27 0 a2 50 ABROBE
EVEB X OURERDE T HBIEORME L Lo~
LOTHAH, WHREEEE, BIEORMCLDmELT
B, T, K, ZREEHRBONSTTHEEASEL
ZVCHLEB A P/Si=1.5 fficRens,. —F, £
FRDEG % BB e, BIEORMCED ' & 7! Dt
WiRENRIE AN, WEPLVHEPICE-ST/YT 2L
Twh, BEMIHLL COLEBCIERAEDES b
TALA/NE {, Z OFBE P TR eI AA TR
En-rsux—  VEEERLLPHFETE S,

4-3-2 KR & FEO K AR

Fig. 8(a)(b) EREREORAAMK & v 2 DMK OB
%%, BIROAEETHE LD DTHE., —RLThh

phosphate films with and without resin; (a) dry
(solid lines) and wet (broken lines) paint de-
lamination (10(100% delamination)<— poor-good—0
(no delamination), and (b) components of surface
tension ¥* (solid lines) and 7¢ (broken lines).
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(a) Without resin (b) With resin
Fig. 8. Si, P and Zn content at the surface of
chromate-silica-phosphate films.

BHEHIZ, BIEOHRMIC XD EE® Si AKEETL
Twa, $hbb, ZNR~OBIEORMAFIELS )7
PERWICHEBET LI L THHENZA. 2L, BA
B RMOME (P/Si=0) CBIEOAEICK S EKA
M DAEZNEL, DABOERME & HIC Si AWEAT
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Zinc Phosphate
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266.5
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265.9 - Zinc Oxide
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265 L i ! L i
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P/Si ratio in chromate film

Peak position of Zn*"™ gpectrum (eV)

Fig. 9. Zn"MM peak positions of chromate-silica-
phosphate films with and without resin.

AT ENS, HIESRINIICS ) H BB ARERD
ABORGETTRIESRLZ LD b2 D

22X, b2 0BEILEWTHD D ABREERII T
TAOREORNE LMD, Fig. 913 Zn"™M 2~ 27 b
DY — s iBORBHKIC L AELE, BMIEOFETH
BMLEERTHS. WThoRGbEHROE— 7B’
P/Si ofhne & b IBILE S OMED S D ABERTESHD
fMENESWTWE BIIFOAEMICLLEZ/NES W It
T, BIEZRML TH 0 ABRHEEN O AR B AREHEIH < 1
Zwv,, LA L, Fig. 8(a)(b)% Zn(%) 22>\ THET
HE, P/SiAKECHPFATOAL, BIRICKLHEMOB
BHRIsEh TV

Dby, =Rz ax—~OBBoORMIEL
EOBERDEIIC D, BHEEN ABOKLGFTTL)
U R RIREICHE T B 0%, D ABEROERIZIZEALY
e F, P/SiEVWBEOAIHEHEELT, #h
FRREME~NOLELBNT S, ZOR, ILWRK
HEICbHT: > THIEZ 0 b DO E & iR O Rt
HNT RSN, BEMICER R ZREEEOW
L7zzux— EESEONS.

5. & £

FEEGEEHRLTHEREHD - SHMRD, &
sox— MLEBIZHWShAERRME LT, AihE
TTRHRETLZzau 4 LB e ABBICINAT, &%
DKEUBIEOME LRI L2L A, LT OHGE
7z,

(1) % & 2.0 mg/m® BEOBWIFO RN, EEM
R EEYRITE T, BREEMELLEFELIALS
HHMWHAEMIEEZDNRS, S, EBREAERS L,
R OY—HEESEALT A0 BbNE. L
4 TCAREE TV EOBNE (0.4 mg/m” ) X3 LHE
DEELEEL L, WEMEs¥5.

(2 )BHiE OFRMIC X 2 &R EE N Lo IR &
BN THH, BIREEERIISGRELT, BELSYA
ROABEREHEBET A LICLY, BHROERHERN
BEDRS 2ET &8, TG L DT v 2 ERD.
KEIZIV ALY AR IEST A L &121%, BgEe
LTI D5 WET A2, DABEHOERENSVE
i hr bHEL, BELEECROBEIEHER
YD, ZOME, 702U ARE-BE»S
&%IEITC??:& O A — FCit, JHVHEIEBE#EBICHZ - T,
""" ERNCBEBREEEICENTCREIEONS.

$Wn%ﬁﬁkbt , ftRFCTHL T IUNT IF
RO F IR 2 — %Rl fE, R VAHEAK
b T3 (BR)MFZET 8 IR o BFRE OB ICHE %
£LIT.
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