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Properties of Zinc Phosphate Coatings Formed on Cold-Rolled
Steel Used for Automobile Body Panel
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ABSTRACT

Properties of zinc phosphate coatings formed on Cold-Rolled steel used for automobile body panel have been
studied through potential(E)-time(t) measurements, electrochemical polarization technique, scanning electron
microscopic observation and X-ray diffraction method. Coating formation process could be represented by
E-t measurements which showed a characteristic feature regardless of phosphating solution, i.e. with phosphat-
ing time, a sequence of potential fall-potential rise->potential decrease, resulting in a minimum and a maximun
potential value. With the rate of potential fall fast and the minimum potential value low, fine crystals were
formed at the early stage of phosphate treatment. It was also observed that the faster the rate of potential rise
is, the faster the rate of phosphate film formation. Besides, the appearance of the maximum potential could
be employed as an indicator of that coating morphology had been changed to a finer grain size. Ratio of
the amount of Phosphophyllite/Hopeite and the porosity in coating were examined with the suggested quan-

titative metkcds in the literatures to confirm their usefulness.
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Table 1. Properties of Cold Rolled steel specimen.

Chemical composition

C Si Mn P S [So-Al |

0.04 | 0.02 0.20 | 0.013 | 0.011 | 0.051

Mechanical property

Tensile Strength | Elongation | Erichsen Vaue

280 kPa 43% 9.9 -
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Fig.1. A Schematic drowing of the experimental
apparatus for potential-time measurements. (1)
water bath (2) specimen holder (3) working
electrode (4) salt bridge (5) reference elec-
trode (6) volt meter (7) strip chart recorder.

2 Keithley multimeteroll A% strip chart rec-
orderol] z}5-o 2 7| E 3y ch(Fig 1342).
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Fig. 2. A Glass O-ring cell with graphite rod counter
electrode (CE), Saturoted Calomel Electrode (RE)
and oxygen bubbling tube (OBT) for polariza-
tion measurements on zinc-phosphated steel
(zPS), after Zurilla®
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Fig. 3. Polential-time behavior of steel sheets dipped
in phosphating solution A for o given dipping

time.
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Fig 4. Potential-time behavior of steel sheets dipped
in phosphating solution B for a given dippeng
time.
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Fig. 5. Potential-time behavior of steel sheets dipped
in phosphating solution C for a given dipping
time.
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Fig. 6. Scanning Electron Micrographs for phosphated Fig. 8 . Scanning Electron Micregraphs for phosphated
steel sheets in solution A for various dipping steel sheets in solution C for various dipping
fime. time.
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Fig. 9. Effects of solvent degreasing and alkaline
degreasing on the potential-time curves during
phosphate treatment.

Fig. 10. Scanning Electron Micrographs showing

relative effects of solven! degreasing and
alkaline degreasing during phosphate
treatment.

a) solvent degreasing b) alkaline degreasing
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Fig. 11. Effects of accelerator and surface-conditioning
process on the potential-time curves during
phosphate treatment.

a) no accelerator and no surface-conditioning
process

b) with accelerator but no surface-condition-
ing process

¢) with surface-conditioning process but no
accelerator
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Fig. 12. Scanning Electron Microgrophs showing re-
lative effects of accelerator and surface-con-
ditoning process during phosohate trectment.

a) no accelerator and no surface-conditioning

process

b) with accelerator but no surface-conditian-
ing process

¢) with surface-conditioning process but no
accelerator
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Fig. 13. X-ray diffraction peoks for Phosphophyllite
and Hopeite formed in phosphating solution

A with dipping time.
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Fig. 14. X-ray diffraction peaks for Phosphophyllite
and Hopeite formed in phosphating solution

B with dipping time.
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Fig. 15. X-ray diffraction peaks for Phosphophyllte
and Hopeite formed in phosphating solution
C with dipping time.
a) 20(sec), b) 2{min), c) 4(min), d} 20 (min)
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Table 2. X-ray intensity ratio of Hopeite (020) and Phosphophyllite (100) for a given dipping time.

A-1, A-2, A-3, A-4
B-1, 8 -28-3 B-4
C-1, C-2 C-3, C~-4
SAMPLE (min) P/(P+H) SAMPLE (min) P/(P+H) SAMPLE (min) P/(P+H)
A-110.5 0.77 B -1(0.17) 0.74 C —-110.33 0.52
1\—2(2) 0.79 B-2(3) 0. 85 cC-2( 2 0.52
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Fig. 16. Oxygen reduction current vs. potential (vs
SCE) curves for phosphated steel sheets in
solution A for a given dipping time.
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Fig. 17. Oxygen reduction current vs. potential (vs.
SCE) curves for phosphated steel sheets in
soluting B for a given dipping time.

]
Co
-0.800D
[P G

-1.200 NN
Ca \

a3 o 108 1D6NA/T 12

Fig. 18. Oxygen reduction current vs. potential (vs
SCE ) curves for phosphated steel sheets in
solution C for a given dipping time.
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