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Study on performance evaluation of galvanized steel and inorganic

zinc-rich primer for automobile

Won Young Park

Department of Industrial Chemistry, The Graduate School,

Pukyong National University

Abstract

Recently, the demand for automobile anti-corrosion performance is
gradually increased. Accordingly, by providing a corrosion resistance
steel sheet for automobiles it has been constantly developed in order
to meet consumer satisfaction. In addition, automobile companies are
demanding a light weight, high function, cost saving and environment
—friendly part of an automobile. There are two type of automotive
steel sheets : CR(Cold Rolled) steel and galvanized steel. Galvanized
steel sheet 1s very expensive, but It has excellent corrosion
resistance. In recent years, galvanized steel is applied to the
automobile more than 70%.

In this paper, study on performance evaluation of galvanized steel
and inorganic zinc-rich primer for automobile. The following were

engaged : The adhesive test, chip resistance test. Also in order to

_Vi_



confirm the special characteristics of the cathodic protection as
compare galvanized steel with inorganic zinc-rich primer. Salt spray
test, salt immersion test, Cyclic Corrosion Test(CCT) are conducted.
And then open circuit potential measurement for the quantitative
evaluation was carried out.

Keyword : Galvanized steel, inorganic zinc-rich primer, electrochemical

properties, OCP, mechanical properties, automobile
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Table 1. Principal Methods of Corrosion protection with zinc

Principal Methods of Corrosion

Protection with Zinc
Galvanizing
a. Hot Dip
b. Continuous Line Galvanizing

2. Electrogalvanizing
3. Zinc Plating

4. Sherardizing

5. Zinc Spray

6. Zinc Coating

a. Organic Zinc Rich
b. Inorganic Zinc(Rich)
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Fig. 7. Schematic of coating system
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Table 3. Experimental condition of phosphate coating

Process
Temperature ) Note
Time
Degreasing 50T 120sec Specimen swing
Surface Room ) )
] 60sec Specimen swing
preparation | temperature
) Total acid @ 18~23
Chemical )
. . Free acid : 0.7~0.9
conversion 42°C 120sec ]
. Promotion : 2.5~3
coating ) )
Specimen swing

BEM HY. 10.00 kY BN WAL B0 WEGAN TII‘:H.NII_ SEM WV, 18.00 KV VEGAU TERCAH

Ot BE 10 pm Dai: 36 14 pm H
Mltlmn FKNUE

Fig. 8. SEM Image of the surface CR steel with zinc phosphate layer
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Fig. 9. SEM Image of the surface galvanized steel with zinc phosphate

layer
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. L:22.8Bum

Fig. 10 Optical microscope image of galvanized steel zinc thickness

Table 4. Specimens preparation

Inorganic zinc-rich primer
Substrate 100 X 70mm(1.0t) CR
Pre-treatment Phosphate coating
Coating method Air spray
Thickness 20 £ 5 m
Curing condition 4 days at room temperature
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BEM HV 10,00 KV BEM BAG: 550 & VEGAN TEBCAN SN V- 18,00 kv WEGAT TESCAN
Out B 100 pm " e 8E W jir H
m-cuun numi

Fig. 11 SEM Image of the surface inorganic zinc rich primer coating

313 AF/=%

Table 5. Electrodeposition coating condition

) Applied Current
Section , DFT (um)
voltage (V) time (sec)

CR steel 270 80
Galvanized steel 210 80 25 £ 3
Inorganic zinc rich

] 250 80
primer
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3.3 HAEAA Ad

A FAS A3-E HA 7] (GRAVELOMETER : SAE J 400 74 E)e] <]
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Fig. 13. Test apparatus of chipping resistance test
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Table 6. Chip resistance test condition

Chipping resistance test condition

Shooting Distance 100 mm
Shooting Angle 45 °
Shooting Pressure 4 kgt
Test Temperature Room temperature (23 C), =40 C

50g (JIS Crushed gravel No 7 stone,
Gravel 2.5 ~ 5 mm 350 ~ 400 stone, It can

be reused up to 8 times)

3.4 =99 WAy B

341 M3 2 A9 (OCP) =4

MFsl 2 A9 (Open Circuit Potential, OCP)+= A7|3bstA LAl AES
SAstozM AlHe] Ao A7|AQ B s ALdes 5 e W

VSP-300 A& AL&3tdtt. 2A4FA4E Table 7.9 #29 05 M NaCl

Aol ool FAFL 3Uhe S Qo] SIS BA L



Table 7. Measurement conditions(OCP)

Open Circuit Potential measurement(OCP)

Rest time 1 hr
Limit dER/dt 1.0 mV/h
E range 250V ~ 250V
dtR lpoint / 5s
elecrolyte 0.5M-NaCl
Reference electrode SCE
Counter electrode Graphite
Electrode surface area 1. Je\cl

7

Fig. 14 Photograph of multi—potentiostat
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342 952 A ¥ (Salt Spray Test, SST)

S4Y wael WAY PR AT NPoR 9FREAFL 19 39

¥
M

o, dEFAE2 ASTM B 117(Standard Practice for Operating Salt
Spray (Fog) Apparatus)ol £3Fo] 900A17F B9t X aPstgh om, A[ge] A}
8-3l+= salt fog8-dS 05 M NaClg o] chambert] =%+ 35 CT&
Fr A gtk

Aol M= 100A17F HH e Alfs AW §, Xcutds o=
oz B = A9 E SAste] vk 54
==

PFH = ArE 2A g
218 Table 7.8 71, AFE3 A58

T o = -

Oft

2]
Ae= BEdedd. OCP =4

Fig. 15 Salt spray test chamber
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-2 A1 & (Cyclic Corrosion Test, CCT)

B A A1 F (Cyclic Corrosion Test, CCT) &g A ol A 1980 o

oA E WEE gEA AW Fol shpelrh shtel Agol T3

& A Ay vk £ ouAl AF e EE 2n 2 Rl

A9 S FAste] mvte] RS A BT OCP 54 £312 Table

Table 8. Cyclic corrosion test cycle

g5 1 Cycle =%
B2 2.8(35°C 95%RH) = ZH A E(70°C,30%RH) = £2(50°C,95%RH)
Shr 2hr 2hr

CCT-B

ZH| 74 % (60°C,30%RH)
- Zhr
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Fig. 16. Cyclic corrosion test cycle graph

344. 94 FAAY (Immersion Test)

ASTM D 870(Standard Practice for Testing Water Resistance of
Coatings Using Water Immersion)ol] T8t =8 AFdHE 40 T
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Fig. 17. Salt water immersion test chamber
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Fig. 18. Results of chip resistance test
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Fig. 19. Evaluation of the electrode potential with immersion time for the

coating with galvanized steel
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Fig. 20. Evaluation of the electrode potential with immersion time for the

coating with inorganic zinc-rich primer
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(a) Initial

(b) After 6 days

(c) After 12 days
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(d) After 18 days

. 1 .

(e) After 24 days

(f) After 30 days

Fig. 21. Results of salt spray test of coating with steel surface



(a) Initial

(c) After 12 days
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(e) After 24 days

(f) After 30 days

Fig. 22. Results of salt spray test of coating with galvanized steel surface
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(a) Initial

(b) After 6 days

(c) After 12 days
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(e) After 24 days

(f) After 30 days

Fig. 23. Results of salt spray test of coating with inorganic zinc-rich

primer surface
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Fig. 24. Evaluation of the electrode potential with Salt spray test time for

the coating with galvanized steel
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Fig. 25. Evaluation of the electrode potential with Salt spray test time for

the coating with norganic zinc-rich primer
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Fig. 26. Evaluation of the electrode potential with Salt immersion time for

the coating with galvanized steel
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Fig. 27. Evaluation of the electrode potential with Salt immersion time for

the coating with norganic zinc-rich primer
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Fig. 28. Evaluation of the electrode potential with CCT test cycle for the

coating with galvanized steel
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