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Development of Auxiliary Cross Link Type Acid Rain Resistant Coating
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Acid rain, which destroys nature, is an
increasingly serious environmental issue. Its contents
of NOx and SO, makes rain so low in pH that it
damages the automobile coatings as well.

Analysis is made on the mechanism of the
generation of etch on the coating, which is the cause
of its damage as well as coating material properties,
as affected by the etch. Based on this analysis,
effective guidelines to improve acid rain resistance
of the coating was formulated. Consequently,
auxiliary cross link type acid resistant coating has
been developed.

In addition, statistical correlation has been
performed between environmental factors and levels
of damage by etch, based on the market survey of
North America.
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Table 1 Fomulation of Synthetical Rain Water

ont Sample | ¢ | 2| 3| 4| 5| 6| 7

Acid | pH3BH:S04 | +— | +— | «— | +— | +— | «— | +—
Na+ (mgh)| 0 | 0.4 |2 0.4 | 0.4 |2148[179
K+ 0 |01 |01 | 08|01 |01 |04
Mg? + 0 | 0.05| 0.05| 0.05| 0.05| 0.05| 0.05
Ca?+ 0 | 0.05| 0.05| 0.05| 0.05| 0.05| 0.05

Sait |NHa+ 0 |1 1 1 5 1 1
S042- 0 (11 |11 |11 |11 |55 |11
NOa- o |7 |7 7 |7 7 |35
CL- 0 |1 341 1.34 886 1 1
F- 0 (010101 |01 |01 |01

“Standard Formulation is Followed 8409-ll(U. S. NBS SPECIAL PUB.)

10 Spot Method ; 0.2ml liquid + 80°Cx90min Stimes

Etch Depth (um)

1 2 3 4 5 6 7
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Na+ +  NHg+ 3042' NO5"

Fig. 9 Influence of Rain Water Salts on Etch
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Fig. 10 Etching Condition with pH and
Temperature

@ pH2 80C
OpH3 50C
APH3 70C
O pH3 80°C

3 4 5 6
Etch Depth of Spot Test (um)

Etch Depth of Exposure Panel

Fig. 11 pH and Temperature Condition to Simulate
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Table 2 Acid Spotting Test Procedure

PROCEDURE CONDITION

P Paolish with Compound Wax and Wipe with
1|Pre-Treatment Iso-propyl Alcohol.

Component of Synthetical Rain Water :
pH2 Sulfuric Acid (25°C, 0.005mall)
Calcium Sulfate 0.3wi% Solution

Spotting Synthstical
Rain Water

v}

Spotting Volume : 0.2ml for Each Two Spottings|
3|Drying Drying Temperalure : 80°C

1 |DryingTime:90 minutes
Finishing Water Rinse and Keep for 24 Hours at Room

4 A .
Treatment Temperature,then Pclish with Compound Wax
to remove Hydrolyzed
Measure Depth at 12 Points from Two Spot
- Rings with Profile Meter.
5 |Evaluation

Evaluating Data is calculated from measured 12

Points as Average. ( See Fig.12)

Sectional Plane of Etch

N\

Facial Plane of Etch

o Measure Depth at
6 Points for each
Etch Ring

Etch Depth = Average of 12 Points of 2 Rings

Water Penetration
into Coating Film

Sor of Acrylic Resin

Volume of Melamine

OH function
Volume

Hydrophilic
lamine

Sort of Melamine

Monomen\—=ygiume

Fig. 12  Evaluation Method of Etch Depth
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Fig. 13 Fish Bone Diagram of Acid Resistance Detrioration
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Table 3 Paint Formulation Design of Acid
Rain Resistant Clearcoat

e | )| P EIES g | None Metamre
Desigen Tg( °C) STD STD+5-15 STD+15-15
é _Volume of OH Function STD STD Partially add
R "
¥ | Gt G| © 20 100
oot ot iraphobic STD STOx1-3 STDx1-3
| Moteculer Weight STD STD + 1000-2000
; Functional Group Imino Type Methyrol Type
M | Meleculer Weignt STD sTD STD
: fcrficAselamine 70/30-65/35 80/20-70150 100/0
Material Cost STD e /

good--—
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Fig. 17 Variance Analysis between Film
Properties and Paint Design
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Table 4 Etch Rating Point

POINT DESCRIPTION OF THE POINT

0 No Etch

Customer cannot notice.
Only expert can notice etch when watching carefully.

Expert can notice. - '
Customer may nctice etch when watching carefully.

Good

—

g | Gustomer may notice eich easily.
Some Customer may complain.

No Good
-

Everybody can notice etch
and make a complain.
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Fig. 18 Etch Test of Different Cross Link
Type Coatings
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Fig. 19 Jacksonville Exposure Test Result (1)
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Fig. 20 Jacksonville Exposure Test Result (2)
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Table 5 Etch Damage Degree

DAMAGE
DEGREE

DESCRIPTION OF DAMAGE DEGREE

3.5

VERY SEVERE
(Area in which Current Type Clear Reach Level 4 in 1 Year.
Even Auxiliary Cross Link Clear rarely Reach Level 3in 1 Year.)

3

SEVERE

(Area in which Current Type Clear Reach Level 3 in 1 Year.)

MODERATE
(Areain which Current Type Clear Reach Level 2 in 1 Year,)

NO DAMAGE

[{yaa in which Even Current Type Clear Keep under Leval 1 in 1
ear.)

poor
s

Etch Rating Point —>
(A

[[8]

good
-—
=]

0

Fig. 21

Actual Damage Degree

(Refer Table 4)

Target [JCurrent
Type

@ Developed

Developed Type ~ 1YP€

0.5 1.0 1.5 2.0

Exposure Period (Year)

Etch Damage of Actual Car Coating
(NewdJersey, 1992)

r=0.62
L X

14.0 45 50

Rain Water pH

Fig. 22 Relation between Rain Water pH and

Actual Damage Degree

]

o

Severity

PN L L

r=0.94

2 3 4
Calculated Damage Degree

Fig. 23 Multiple Regression Analysis between

Actual Damage Degree and
Environmental Factors
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6 H~9 HD¥4
6 H~9 HD i

P:W® pH
Q: &M% (inch)

EHIT fAohPHIR BT — 4 £ L TEKO
PN P~ v T EIER L Fig. 241256 h7z< v
T ERY, pH KL L BEIRES L < ZUHROE ORI
73 Table 5 DFFsH 3.5 Y — VIChi@E T S R L
CROTIEHE LG 3f — v e, ThbDi
BTR2—¥2»50a T LAY FRTHITESH, h
% 2 MO 2 A L Ry — V¢, Wi 155 & 1F
LAERHER LY — VIThERT 5D,

8. ¥

E

BYERIR BERE I U 5 TRENCE D SHEiRg S
7 MR VT R 7 Wl B ZRAG R MR B 1 R A RS L. BRI
W U7z,

Fig. 24 Prediction Map for Acid Rain Damage

AN/ S

Z OBGUEIIERNE, Ffli Ik 2 5 3 v RBRR [
TR OMBENE 5 h iz,

BUROREY I 2V —Y 3 V&L L7-Z & T,
SHOMEIBIRIC B B EEE ORI E 5 h iz,

pH. XUl Bk S DBRER T 5 6 Z OO B
BEE VAR E 2D, AR ET A S 2OOEAIE
BERR SNz,

SHOT A A OBIEROBNNE., ZOFRRWETH
% IR Ui, SRR R OB S T T
DFERT, Zh 613 L. KROBEHEAK 5T
< BDDY, ADpH & LTIF03 KAV MEEDT v
TR E D 2000 SELIG E . BEMERNIC X BRI &
DEEZD,

Sk BB G U 22 AR O FUE U & 477000,
BBE & A H A O AL 2 X > T & 7210,
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(1) National Atmospheric Deposition Program
Annual Date Summary (1990)
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National bureau of Standards 1986 JUL.
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