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ELECTRON-MICROSTRUCTURE OF THE WORK ROLL
FOR COLD ROLLING (1)

' Takuo Ando, Keiya Gokan and Kenichi Arase

Synopsis:

The work rolls for cold rolling mills are usually forged from high-carbon-chromium steel,
spheroidized, machined and finally heat treated to secure favorable rolling properties.
The electron microscopic structure at the surface layer of heat-treated roll consists of

spheroidized carbides,

martensite matrix and some amount of retained austenite. If

considerable amount of austenite are retained and spherical carbides are few, the working

character of the roll is insufficient.

To obtain properly spheroidized structure after forging, several experiments by small
specimens were pursued. The results show that the most effective annealing methods are
likely to be the types in which phase transformation are applied.

The cooling rate after holding at 780°C is quite important. The slower cooling rate produ-

ces the better carbide distributions.

By repeated heatings and coolings between 700°C and

780°C, the carbides grow larger and pearlite lamellae develeps remarkably.
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Fig. 1. Effect of work-roll quality on rolling
pressure of the 4-high reversing cold mill.
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Table 1. Comparison of the electron-mic-
rographic structures and the rolling con-
ditions of various rolls.

1 . . Size of :

Spherical Retained Rolling
Roll . rbide austenite marten- condition

| site :
R-1 Few Much Large Bad
R-2 None Much Large Bad
R-3 None Much Large Bad
R-4 None. Few Large Bad
R-5 1 None Medium | Medium | Good
R-6 Few | Medium | Medium | 539~
Good*
R-7 Little | None Medium | Good
R-8 Little None Small Good
R-9 Is,arge Medium | Medium | Good
mall, .

R-10 many None Medium Good
R-11 Large None Small Good
R-12 Large None Small Good

*

This roll showed poor character at the
initial use, but after being used several
times, behaved satisfactly.

(a)

Fig. 2. Electron-microstructures of two types

(b)

of work-rolls. (a) has bad character for
cold rolling, (b) is good. A: retained aus-
tenite, M: martensite, C: cementite

X 4,500
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Table 2. Heat treatment for spheroidizing.

Sample Heatmg process " Sphermdxzmg methods
I 730°C x 6h——>fce Cool. (a) Heat for a Iong time Just under
I 730°C x 16h—fce Cool. Ac
i) 780°C><8h—>(coohng at 10°/h)—>650°Cafce cool. | . (b) Heat for a long time above
v 780°C X 16h—(cooling at 10°/h)—650°C—>fce cool. Ac;
v I 780°C X 6h—(cooting at 20°/h)—>720°C—fce cool.
v l [780°C X 1h—730C X 1h]1—>[780 X 1—730 X 1]—>fce CoolJ (c) Repeat heatmg above and under
VI {[780°C>< 1h—730°C x 1h]}4—£.C.* Ac,, then slow-cooled

T s T (d) After heating for a long time
Vi T 800°C X 6h—720°Cx 3hosfce cool -«
K | 800°C X 16h—720°C X 5Sh—fce coo. | above Acs, isothermally

1

transformed at temp under A,.

* This unit treatment was repeated four times, then slow-cooled.
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Fig. 3. Comparlson of the structures of
spheroidized samples Nos. I, I, I, ¥ and
Y. xX2,500
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Fig. 4. Comparison of the spheroidized
samples Nos. VI, Vi, I and K.
% 2, 500
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Table 3. Heat treatment for spheroidizing.

Sample Heat-treatment process
A ] 780°C x 16h—>Quench in water
10°/h o . .
B 780°C X 16h s 720°C—>Q in w
° .
C 780°C x 16010 /}h 700°C —»Q in w
o 10°/ h o .
D 780°C X 16h 675°C —Q in w
10°/h o .
E 780°C X 16 h } 650°C —>»Q in w
10°/h Furnace:
F 780°C x 16h ; 650°C ——)Cool
° 10°/ h 7050 ‘
G 780°C x 6h 700°C —>»F. C.
o 10°/h o :
H 780°C X 16h 3 700°C —>F. C
10°/h,. o
I . 780°C X 32h 700°C —>F. C. .
o 20°/h o -
J 780°C X 16h 700°C —>»F. C
. 50/ h ° ‘
K 780°C X 16h ; 700°C —>F. C.
5°/h ° " ,
L 780°C X 16h , 700 C—Qin w
l"'l('vGO 121 1O°/hnmoo AT T
M L/ X ion y (GO R g
X2 times repeated
N [ 4 y
X4 times repeated
O [ v 4
X6 times rep_eated

Fig.'5. Electron-microstructures of the
samples A,B,C,D and E, showing the
difference between spheroidizing pro-
cesses. X 2, 500
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Fig. 6. Electron-microstructures of the
samples G, H,I,J and K, comparing the
effects of the spheroidizing conditions.
X 2, 500
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Fig. 7. Electron-mlcrostructurésa:f the
samples H,M,N, and O, comparing the
heat-treatment process.
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HYDROGEN EMBRITTLEMENT AND INTERNAL FRICTION
OF CARBON STEEL

Gonj '.',ré,"i"“na Dy, Eng. and Michic Mizuta

Synopsis: :

Hydrogen in steel is a harmful element which causes hydrogen-embrittlement phenomena;
i. e. white spots, hair-line cracks and pickling embrittlement etc.

Therefore many investigations as to behaviors of hydrogen in steel were previously re-
ported. However even at present, there are many unsolved problems.

Accordingly an experiment on some hypo-eutectoid carbon steels including pure iron and
eutectoid steel was made. The authors measured amounts of evolved hydrogen, changes
©of internal friction as a structure-sensitive quantity and mechanical ' properties as a
measure of actual embrittlement during the evolution (at room temperature) of electrically
charged hydrogen, and then investigated the relationships among them.

The results obtained on these steels are summarized as follows. Microscopically speaking,
diffusible hydrogen(at room temperature)was much absorbed in free ferrite than ferrite in °
pearlite, but macroScopicélly existed in uniform distribution of concentration. This hydro-
gen evolved with the diffusion process described with the.Fick's formula, and the diffusion
constant was calculated to be D=3"7x10"5 cm?/mn. (at room temperature). On the other
hand decrease of the elongation and reduction of area in tensile testing, decrease of the
impact value, and increase of the internal friction were caused by absorbed hydrogen, but
each change took its own form of recovery by aging; i.e. though the recovery of ductility
in tensile testing was parallel to hydrogen evolution, the one of internal friction was more
rapid than the former and the one of impact value was far more rapid.
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