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ABSTRACT

In order to fully understand the effect of the cold rolling ratio of the catalyst on the synthesis

of diamond, the diamond synthesis experiments were carried out using the catalysts with different cold rolling

ratios. The axial density and texture on the cold rolling surfaces were measured by X-ray diffractometry and

the results were analysed using the theory of diamond synthesis. The resulis show that the cold rolling ratio of

the catalyst seriously affects the synthesis of diamond, and the best cold rolling ratio in this research is 83%,

and that this effect is caused by the change of texture of the catalyst, especially the change of the distribution

of the {111} crystallographic planes on the rolling surface.
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1 INTRODUCTION

Most of the catalysts used for diamond syn-
thesis in China is Nrbase alloys prepared by vac
uum melting followed by hot rolling and cold
rolling to sheet materials, drawing to circular
slices and polishing. The difference of the hot
rolling ratio frequently causes the difference of
the cold rolling ratio, thus affecting the perfor-
mance of the catalysts. The reasons likely lie in
chemical composition, melting process and heat
treatment. [t is discoverd that the cold rolling
process, especially the cold rolling ratio, serious
ly affects the synthesis of diamond. This re
search aims to examine the effect of the cold
rolling ratio on the synthesis of diamond and its
mechanisms by measuring the change of the tex-
ture of the catalyst in the cold rolling process,
thus establishing a relation between the cold
rolling ratio and the synthesis effect.

2 EXPERIMENTAL

2.1 Preparation of catalysts
Ni70M n25Co5 alloy ingots of acceptable

chemical composition were hot-rolled to 10 mm
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sheets using the conventional production proce
dure after planning. Three segments cut from an
identical sheet were hot-rolled to 2, 3 and 4 mm

coldrrolled to

0.5 mm after the same heat treatment and acid

sheets respectively and then

washing. They were marked Samples No. 1,
No. 2 and No. 3 respectively and drawn into d 18
mm slices for use. Therefore, three kinds of cat-
alyst with different cold rolling ratios and identr
cal other conditions were prepared. It is known
by calculation that the cold rolling ratios for
Samples No. 1, No.2 and No. 3 are 75%, 83%
and 87. 5% respectively.

Table 1 lists the chemical composition of the
studied catalysts and Fig. 1 shows the optical
morphologies of the three samples after cold
rolling on the rolling surfaces.

2.2 Measurement of texture of catalysts

Table 2 lists the diffraction intensities of the
crystallographic planes on the rolling surfaces of
the three samples. The identically annealed cata
lyst was used as the standard sample.

According to the X-ray diffractometry of
crystals''!, the axial density Pk of each group
of crystallographic planes can be calculated using
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Harris formula which is explre%%ed as Apxs = PHKL/,IEI:PHKL % 100% (2)
Pukr = [ LKL ( n IZ[ HKL ) (1) The results of Pyg; and A gk are listed in

where Iyx; and [ yg; stand for the intensities of
each group of crystallographic planes { HKL} for
the test samples and the standard sample respec
tively. The percentage of each group of crystal
lographic planes, Apkr, can be calculated by

Table | Chemical composition of
samples ( %)

Ni Mn Co Mg Cu V Al Mo
Balance 25.05 5.03 0.030.02 0.002 0.001 0.001

Mg, Cu, V, Al and Mo are impurities.

Table 2 Diffraction intensity of each
group of crystallographic planes
on rolling surfaces

Crystal face Standard

1 o 3#
group sample
{111} 246334 29416 77201 21207
{200} 117946 79536 84326 23352
{220} 70656 260116 498588 621381
{311} 75973 69535 86782 31179
{331} 24549 16381 20779 26176
{ 420} 17609 16717 4055 3449
{422} 14657 15949 16548 15478
{511} 12657 5022 4756 1187
{531} 10032 15153 15464 7089

Table 3 Axial density and percentage of
each group of crystallographic planes
on rolling surfaces

Crystal Puxr Agkr

bﬁf;fp | L | L
{111} 0.11 0.21 0.06 1.2 2.3 0.7
{200} 0.63 0.48 0.14 7 53 1.6
{220} 3.43 4.69 6.20  38.1 52.1 68.8
{311} 0.85 0.76 0.29 9.4 8.4 3.2
{331} 0.62 0.56 0.75 6.9 6.2 8.3
{420} 0.41 0.15 0.14 4.6 1.7 1.6
{422} 1.17 0.87 0.86 13 9.7 9.5
{511} 0.37 0.25 0.07 4.1 2.8 0.8
{531} 1.41 1.03 0.05 157 11.4 5.5

T able 3.

2.3 Synthesis of Diamond

The diamond synthesis experiments were
conducted on a 6 x 800 t hexagonal hydraulic
press. The raw materials such as graphite and
pyrophyllite, the combination pattern and syn-
thesis procedure were identical for the three sam-
ples. The synthesis results are listed in Table 4.

Table 4 Svynthesis effect of diamond

Item 1" 2" 3*
Weight of
synthesis 1400 1400 1070
rod/ g
Single
L9 0.75 0.85 0.66
yield/ g
260 mesh
percentage 60. 4 72.4 60. 1
! Y
Strength of
60 nl:sh/ N 108 116 103
Crystalline M ost M ost M ost
form imperfect perfect imperfect
Color Light Light Deep
green yellow green
3 RESULTS

3.1 Cold rolling texture of catalysts

The atomic closed packing faces of fee Ni
are { 111}.
rolling deformation are {111} and the sliding di-
rections are {101, the {110} <112) texture will
be obtained in the end.
Table 3 that, with increasing cold rolling ratio,

The main sliding faces in the cold

It can be seen from

the percentage of {220} crystallographic planes
on the rolling surfaces increases rapidly. In Sam-
ple No. 3 whose cold rolling ratio is 87. 5%, the
axial density of {220} reaches 68. 8% . Because
{220} and {110} are the same crystallographic
plane group, the cold rolling texture of the cata
lyst can be determined to be { 110}, which is the
same as that of pure Ni metal.

3.2 Comparison of synthesis effects
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Fig. 1
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Optical morphologies on rolling surfaces

(a) —Sample No. 1; (b) —Sample No.2; (¢) —Sample No. 3

T able 4 indicates that there are large differ
ences of synthesis effect for the three samples of
different cold rolling ratios. In light of the single
yield, No. 2 catalyst ranks the first, No. 1 next
and No. 3 the last; in light of the particle size,
No. 2 also ranks the first, No. 1 and No. 3 are
about the same; in light of the strength and col-
or, No. 2 still ranks the first. Therefore, it can
be conclucled that the cold rolling ratio of the
catalyst has great influence on the synthesis of
diamond. In this research, the best cold rolling
ratio is 83%, 1i.e. that of Sample No. 2.

4 DISCUSSION

The influential factors of the synthetic dia
mond are very complicated. As far as the cata
lysts are concerned, it is proved that the addr

tions of trace elements' > ¥, oxygen content!”

61 and so on have effects on the

and grain size
synthesis of diamond. In this research, the dif-
ferences of chemical composition and heat treat-
ment conditions are precluded, the only differ-
ence is the cold rolling ratio. Therefore, the
great differences of single yield and grain size are
caused by the difference of the cold rolling ratio.

Comparing the data listed in Tables 3 and
4, one can see that the single yield of diamond is

closely related with the {111} crystallographic

planes; the axial density of the {111} crystallo-
graphic planes changes with the cold rolling ra
tio, and its value reaches the maximum (2. 3%)
when the cold rolling ratio is 83% , which is one
and two times larger than that of Sample No. 1
and Sample No. 2, respectively. The single yield
reaches the maximum when the axial density of
{111} reaches the maximum. This correspon-
dence is not accidental, but agrees with the solid
phase transformation theory.

The solid phase transformation theory ™ ®
holds that, the closed packing faces of the cata
lyst match those of the diamond precisely, in the
diamond synthesis under static pressure, the cat-
alyst slices contact closely with the graphite
slices, the graphite on the { 111} ecrystallographic
planes will transform into diamond under the ul-
trahigh pressure, therefore the single yield of the
diamond is influenced by the axial density of
{111} on the rolling surfaces. However, this
theory can not well explain two phenomena
which take place in this research; one is that the
axial density of No. 2 catalyst on the rolling sur-
face is two times that of No. I and three times
that of No.3, but the single yield has not
reached the above folds, the other is that in view
of the general law of crystal growth, it should be
that the more the nuclei, the smaller the grains,

(Topage 147 )
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Statistical mechanics model of liquid binary alloy
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of liquid binary alloy solution has been proposed
in this paper. According to the model, expres
sions of component activity of liquid binary alloy
solution are obtained.

(2) According to the model, the formulae
of calculating probabilities of forming chemical
bond i, nearest neighbour pair number, Cow-
ley-Warren chemical short range order etc. are
obtained.

(3) According to the relation of coordina
tion number and condition probabilities, using
geometrical relation of atoms distribution, formu-
lae of co-ordination number in liquid binary alloy
are obtained.

(4) According to the formulae and reference
data, numerical values of co-ordination number
are obtained. The results agree well with the
reference data and experiment data within the
range of error, the key problem about coordina-
tion number is solved.

REFERENCES

1 Richardson F D. The Physical Chemistry of Metals.

10

11

12

London: Academic Pr, 1953: 75.

Chou K C, Wang J J, Metallurgical Transactions,
1987, 18A(2): 323.

Chou Kouchih. CALPHAD, 1990, 14(1): 41;
1990, 14(3): 275.

Tang Youqi. Statistical Mechanies and its Application
in physicochemistry. (in Chinese). Beijing: Science
Pub, 1964.

Warren B E. X-Ray diffraction. Addisorr Wesley Pub
Company Inc, 1969: 227.

Cowley ] M. Phys Rev, 1950, 77: 667.

Cowley ] M. J Appl Phys, 1950, 21: 24.

Fowler R H, Guggenheim E A. Statistical Thermo-
dynamics. London: Combridge University Press,
1939: 156.

Wu Guoan. Journal of physies, (in Chinses), 1984,
33: 645.

Chip D R, Jennings L D and Giessu B C. Bull Am
Phys Soc, 1978, 23: 467.

Sadoc J F, Diamer J. Mat Sci Engr, 1976, 23:
137.

Takeo Fujiwara, Yasushi Ishii. J Phys F: Meta
Phys, 1980, 10: 1901.

Yashi Wasedo, Hideo Okazaki and Tsayoski Masun-
uoto. J Mater Sci, 1977, 12: 202.

( Edited by Wu Jiaqun)

( From page 59 )

however, the diamond prepared using No. 2 cat-
alyst not only has higher single yield, but also
has larger proportion of coarse particles. Based
on the above analyses, the authors think that,
the solid phase transformation theory is probably
not the sole mechanism responsible for the
growth of the diamond; it only makes the
graphite nucleates preferably and grows continu-
ously with the progress of the synthesis and the
grains will be coarse and perfect because of the
relatively long growth time. The nucleation and
growth of the diamond can also be completed by
the dissolution and precipitation of the graphite
in the catalyst. This process will not begin until
the catalyst has melted, therefore it is relatively
lagging. Furthermore, the diamond may grow
using the impurity particles of high melting
points in the catalyst as nuclei, thus the resul
tant diamond is fine-grained and imperfect and
has mixed colors under the conditions of identical
growth conditions and synthesis time.
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