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The Structure of Phosphate Crystals Influencing the Scab
Corrosion Resistance
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Katsutoshi ARAIL, Mitsuharu Y AMAMOTO and Kaoru Mizuno
Synopsis :

The structure of phosphate crystals that exerts a favorable effect on the scab corrosion resistance on
the painted steel surface was investigated and characterized by 1) a low Zn/P intensity ratio measured by
glow discharge spectrometry, 2) a low preferred orientation of the (100) plane in phosphophyllite, and 3)
angular and granular phosphate crystal morphology.

The aforementioned structure of phosphate crystals depends on the crystal growth process. When
the dissolution of iron from the steel sheet during the phosphating treatment is insufficient, the hopeite
epitaxial growth plane (020) conforms to the phosphophyllite epitaxial growth plane (100), and the mixed
crystals with a high Zn/P ratio grow along the steel surface. When the dissolution of iron from the steel
sheet is sufficient, the iron ion concentration in the solution increases, the intrinsically free precipitation of
phosphophyllite without the restraint of epitaxy becomes predominant, and phosphate crystals with a
lower Zn/P ratio grow.

The dissolution of iron from the steel sheet is accelerated by the oxides of manganese and silicon in a
surface layer of up to 0.1 um deep that is dissolved during the phosphating treatment.

Key words : cold rolled steel; one-side electrogalvanized steel; scab corrosion resistance; phosphating;
phosphophyllite ; crystal morphology; crystal growth; epitaxy.
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Table 1. Chemical compositions of tested steel
sheets (% ).
C Si Mn P S
P-Al killed 0.038 0.016 0.16 0.026 0.003
Al killed 0.051 0.013 0.28 0.019 0.013
Table 2. Scab corrosion test.
Salt spray (JIS Z-2371) 1 day
4 cycles Humidifying (85%RH, 40°C) 5 days

] Left indoors 1 day

YA o NVEREBREBTAY A 7 VERSE7. FhMei
SBRASLLZLESY 1mm 2825 HBICKELE
FTEBEAFML T, 2%+ 7HEMONE L L7, fitik
MOMNKFE R F v 7 ARBRER %2 44T Table 3
T

DABRIERE IO Wi, REER, XERFCXLS
Pl LR b, u— &SI (GDS) 2k
ZALFHL, SEM IC X Aa#GHENEE: L. Pt
DB EILAME S DFEITE - 7.

AR IAT I 2V Tid, GDS X A EE A 5 D Depth
analysis, 2 KA A+ YHEa=5H5H (SIMS), pH3 DIR#EHE
M T OFRACB AR & B U7z, AL RAR R SO )
oKk % SEM THEE L 7.

GDS HiE X EBIEE— F, 600V, 35mA, Ar &
260 ml/min, RA/%y 7 #E 25~30nm/s THro7-. 4B
DABRIBRIRIS R -7 A chy, FEEMTIED
5%, GDS DEBITFE— FTEBWRMENSTEL LD
WERH O, TS 572 D ABRIEREO RS
REIZO VTR EILEDBEERIE 21T > THIU L 7275,
Zo/P Itz oW T B mE A L 7.
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Table 3 TR % &, HEHERIZ 2¢g/m? MikiHioTHs
D, WAFr 7HAKLOEFREROAZ W, P IL%E

Table 3. Phosphate properties and scab corrosion
test results.

Steel Sample L Phosphate Scab corrgsion

No. Coating weight | P-ratio Rating

P-Al killed 1 2.31 (mg/m?) 0.84 2.4
2 2.24 0.86 1.6

3 1.98 0.87 1.6

4 1.87 0.90 4.3

5 2.05 0.85 4.2

Al killed 6 2.13 0.86 2.5
7 2.03 0.86 0.7

8 1.97 0.87 2.0

9 2.12 0.87 4.0

10 1.91 0.87 4.6

* o .
Scab corrosion rating : Good 0+ —5 Poor
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Fig. 1. A depth profile of phosphate measured by -1 1.2 13 I
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Fig. 2. Relation between scab corrosion and
integral intensity ratio of Zn/P of phosphate
measured by GDS.
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a : Phosphate on the steel which shows good scab corrosion
resistance (Sample No. 1)

b : Phosphate on the steel which shows poor scab corrosion
resistance ( Sample No. 5)

¢ : Phosphophyllite precipitated from the synthetic solution

Fig. 3. X-ray diffraction charts of phosphate.

%9 Fig. 4 Z5HTA LI, POS™ A4 PR
A DEANET O Fe R+ & Wustite bond 3 THEA
A EF I AIRIE S NIDTD . Phosphophyllite D354 1
Z® (100) WA e-Fe @ (100) Hi& RS EGT 5.
L2512, RKK§W ® Phosphophyllite @ X #1584 &
(200) X (111) HAHRSHEN'D. FH S 128X
£ 1% C Phosphophyllite % St & ¢ T 525, ZDXH
E47 (Fig. 3¢) TidfEHic (200), (111) @EAEE—
s ChAH. TAHE, WHHEKE»SEEIZMIEL TS
Phosphophyllite & 13 27% v, ## LTk (100) H% &

— 194 —



fif 2% v 7GR R ) AR O 1053

(oo1)
ao — :
C\ ‘[ CB_—F) ) \/I 5} : :
o & -4 D I yi i QB_
X QT’ G390 hlie
C/ (010 -5 l : -4 Fe
<—5.o:~> <5, t7)3—» .

a : (100)-Phosphophyllite b: (100)-Fe

¢ : (100)-Phosphophyllite on (100)-Fe
Fig. 4. Orientation of phosphophyllite (100) with
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Fig. 6. Relation between integral intensity ratio
of Zn/P measured by GDS and (100)/(200), (111)
intensity ratio of phosphate.
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Fig. 7. Unit cell of phosphate crystals.
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a : Phosphate which shows good scab corrosion resistance ( Sample No. |)
b : Phosphate which shows poor scab corrosion resistance ( Sample No. 5)

Photo. 1.
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Morphology of phosphate crystals at the early and final stages of phosphating treatment.

50 «m

Photo. 2. Phosphophyllite crystals
from the synthetic solution.
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Fig. 8. Depth profiles of Zn/P intensity ratio
measured by GDS.
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Photo. 3. Phosphate crystals (a)
and steel surface at the same
spot as (a) after dissolved
the phosphate (b).
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/\ F e2+

Neighbor

crystal Steel surface

before reaction

Crystal nucleus
Steel surface

Table 4. Correlation between Zn/P ratio of
phosphate and intensity of elements in the surface
layer of steel measured by GDS.

Coefficient of correlation (7)

Steel

after reaction

Growing
direction

()

Steel

Crystal nucleus
a) Growth of granular crystal b) Growth of barlike crystal

Fig. 9. Mechanism of phosphate crystal growth
onto the steel surface.
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Peak intensity Integral intensity ™
H —0.43 —0.64
C —0.47 —0.44
0} —0.19 —0.90
Al —0.43 —0.30
Si —0.63 —0.69
P 0.73 0.40
Mn 0.04 —0.65
Zn 0.62 0.29

* Integral intensity up to 3 s sputtering
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v P

Intensity

0 06 1.2
Sputtering time (sec)

Fig. 10. Depth profiles of O in the surface layer
of steel measured by GDS.
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Photo. 4. Observation of steel surface by SIMS
(150 um¢ ).
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