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Effect of Heat Treatment and Cold Rolling of Steel
Sheet on Phosphate Coating

Shoji SHMADA and Shigeyoshi MAEDA

Synopsis:

This investigation has been carried out in order to show how heat treatments and cold rolling of
steel sheets influence the phosphate coating and to make clear the relationship between the microstruc-
ture of the steel and the phosphate nucleation. -

The activity of phosphate reaction is determined by the number of phophate nuclei initially formed
on the steel surface when commercial phosphate solutions are sprayed.

It is found that the activity of phosphate reaction is considerably affected by heat treatments and
cold rolling of steel sheet; the phosphate nuclei increase with an increase of cold reduction and a raise
of annealing temperature, decrease with an increase of the heating rate and a raise of the quenching
temperature.

The consideration of the above results from the microstructural point of view leads to the conclusion
that the preferred orientation of steel (mainly (111) texture paralleled to the rolling surface) has the
greatest effect on the phosphate nucleation, and the cementite in the steel has the next on it, while
the grain size (grain boundary) of the steel has little effect.

These conclusions are supported by experiment of the phosphate nucleation on single crystals of iron

and large grains of steels.
(Received Feb. 17, 1973)
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Table 1. Chemical composition of steels(wt%,).
Steel C Si Mn P S Cu *Procedure
A 0-08 0-01 0-31 0011 0-018 0-04 a
B 0-06 0:01 0-33 0-011 0-018 0-04 b, d
C 0-08 0-01 0-35 0-066 0-008 0-03 c
* Tor procedure a, b, ¢ and d the reader should refer to Table3.
Table 2. Chemical composition of iron single crystals(wt%).

Single crystal C Si Mn P S N O
(100) 0-004 0-02 0-03 0-002 0-007 0-003 0-004
(111) 0-004 0-02 0-03 0-002 0-007 0-003 0-004
(112) 0-001 <0-01 <0-01 0-002 0-003 0-001 0-004

Table 3. Manufuctaring process of specimens.

Hot rolling *Cold rolling **Annealing Cooling method
Procedure | thickness - - - ;
( mm) Reduction | Thickness | . °C) | Time(hr) Heating after annealing
(%) (mm) p- rate (°C/hr)
‘ . Norrr;g(l) Dry 6
a 4-2 30~-90 2:9~042 |\ - burized Wet Dry 250
442
750
— . 50~85 D 9 Room cooled
b 65 0-80 650 0 ry 6 50 from 15050
Vol | oev o |
c — 65 0-80 Decarburized V\i}et_;_ lgry 20~-320
700
. Water quenched
d — 65 0-80 700 ’Dry 6 250 from. 300—700°C

*  Bright finishing with 2-high laboratory mill.

*%  Normal annealing in dry HNX gas and decarburized annealing in wet and dry HNX gas respectively.
Dry gas : Dew point —40°C, wet gas (80% HNX+20% H;); dew point+20°C
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Fig. 1. Relation between the number of phosphate

nucleis and corrosion resistance.
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Table 4. Microstrucsure of normal annealing sheets prepared by procedure (a). .

Reduction (%) :
~ 30 40 50 60 70 80 90
Structure T
Grain size No. 7°0 7°6 77 7'9 9-5 10-2 10-3
((]ca::rri)lie(iii te) Coarse Coarse Coarse Fine Fine Fine Fine
Axis-density (100) 1-30 1-12 0-95 0-83 0-80 0-99 1-86
(H/H,) (110) 072 0-82 0-96 1-20 0-82 0-37 0-12
(111) 2:30 2:78 3-10 4-10 4-74 7°50 10-8
Inclusion MnS 0-054 0:054 0-042 0-054 0-042 0-062 0-050
(%) MnO 0116 0-067 0-083 0-054 0-054 0-054 0-062
Table 5. Microstructure of decarburized annealing sheets prepared by procedure (a).
Reduction (%)
\\\\\\\\\\\\\\\\\; 30 40 50 60 70 80 90
Structure
Grain size No 71 7°2 72 75 77 7°3 7-8
Axis- (100) 1-45 1'34 0-91 0°96 0°38 0-53 1'24
density (110) 0-72 0-93 0-82 079 0°50 0-30 0-05
(H/H,)  (111) 2-89 2-48 3-17 3-85 5-92 915 12:0
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Fig. 2. Effect of cold reduction on phosphate
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Table 6. Microstructure of sheets prepared by procedure (b).

Ann. temp.
(°C) 650 700 750 800 850
Structure

Grain size No 92 9:0 8-3 8-0 7-3
Carbide (cementite) Fine Fine Coarse Coarse Coarse
Axis— (100) 1-49 1:30 1-20 1:09 055
density (110) 1-07 1-00 0-94 0-91 1-10
(H/H,) (111) 4-40 4-80 5-48 6-67 10-10
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Table 7. Microstructure of normal annealing sheets prepared by procedure (c).

Heating rate °C/hr
\ 20 40 80 160 320
Structure
Grain size No 8-2 7:°4 77 8-0 7-8
Carbide (cementite) Fine Fine Fine Fine Coarse
Axis- (100) 0-91 0-79 103 0-82 0-70
density (110) 0-17 0-20 0:20 0-34 0-23
(H/H,) (111) 12-3 12-8 11-4 7'8 74

Table 8. Microstructure of decarburized annealing sheets prepared by procedure (c).

Heating rate °C/hr|
20 40 80 100 320
Structure  T———_
Grain size No 65 6:6 65 6'3 65
Axis- (100) 0-64 0-81 0-54 086 070
density (110) 0-19 0-16 0-14 0-33 025
(H/H,) (111) 14-4 11-3 10-4 10-1 10°2
Table 9. Microstructure of sheets prepared by procedure (d).
Quench. temp
N 700 600 500 4’00 300
Structure
Grain size No 8-2 86 86 | 83 85
Carbide (%)
(spheroidal 0-24 0-36 034 0-43 0-44
cementite)
Hardness Hr 30°B&| & 896 695 | 534 47°3 44°8
o x| 04 No pona \ Oq
' 150 | T, ann. ‘e X ~0
& O a Bt#137 S IsoF ™~
z e 4 Br*100 g o~
2 00T s 100} \\\\f
g | g 2 °
% 50 - -~ -§- -
k-] Deca. ann. Tan S >0
3 2
g 1 1 ! 1 i g O | 1 L 1 1
= OIO 20 40 80 .60 320 = o} 300 400 SO0 600 700
Heating rate {°C/hr) Quench temp. {°C)
Fig. 4. Effect of heating rate on phosphate Fig. 5. Effect of quenching temperature on
nucleation (Ann. Temp. 700°C). phosphate nucleation (Bt $137).
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Photo. 3. Phosphate nucleation on single crystals of iron. (Bt 137 20sec spray)
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Photo. 4. Phosphate nucleation on large grains o7 steel. (Bt 3137 3sec spray)
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