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ABSTRACT From the view of chemical short range order and incomplete random mixing existing in liquid

binary alloy, absorbing the rational part of past statistical mechanics, a statistical mechanics model of liquid bi-

nary alloy has been proposed. From the model, the expressions of component activity were derived. Some pa-

rameters have been investigated, and their calculation formulae were obtained. According to the formulae of

caleulating coordination number, the coordination numbers of Cu-Zr, FeeB, NrB, Co P, FeP systems were

calculated, and the results agreed well with those in literature and in experiments.
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1 INTRODUCTION

The past statistical mechanics models have
provided possibility for thermodynamical calcula
tion of some liquid alloy solutions. However, it
can not yet be used for some liquid alloy solutions
in which chemical short-range order and incom-
plete random mixing exist. In most of these
models, the chemical short-range order was ne
glected, complete random distribution was
adopted. But most binary or more component al-
loy solutions are dealt with regular solution mod-
el 1. the past statistical mechanics models are
required to be improved and developed further.
Thus, a statistical mechanics model based on
chemical short-range order and incomplete ran-
dom mixing existing in liquid binary alloy has
been developed. Simultaneously, this paper
gives the expressions of component activity a; of
liquid binary alloy and the expressions of the pa
rameters, such as co-ordination number, proba
bility of pairwise forming chemical bond i .

2 STATISTICAL MECHANICS MODEL OF
LIQUID BINARY ALLOY

A statistical mechanics model based on
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chemical short-range order and incomplete ran-
dom mixing existing in liquid binary alloy is de
scribed as follows:

(1) Pairwise interactive energies in solution
is symbolized as § (i, j = A, B)., which is
varied with compound A xBy forming or not in
the solution. When two atoms are combined into
chemical bond, the devotion to the interaction
energies is symbolized as A& (i, j= A, B).
The probability of forming chemical bond is
symbolized as P;, and the pairwise interactive
energies in pure substance is symbolized as €( i
= A, B).

(2) Inner and translational degrees of free-
dom of atom in pure substance are independent,
and equal to that in pure substance, therefore
only the near pairwise interactive energies are
considered.

(3) Because of difference hetween two
atoms and between pairw ise interactive energies,
when A and B are mixed into solution, the mix-
ing is incomplete random and obeys some rules;
and there is chemical short-range order in the
system.

(4) The co-ordination number of A is not e
qual to that of B. The co-ordination numbers of
A, B and pure substance i(i= A, B) are sym-
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holized as Zy, Zg and Z%(i= A, B).

(5) Because of existing pair interaction, the
solution system can be regarded as a system com-
posed of dependent particles, and its Hamiltonr
an Is

H= ,Z?” E (1

where & is the energy level of the atom i( as
sociated with inner and translational degrees of
freedom), E is the sum of pairwise interactive
energies in the solution, named as configura
tional energy.

The canonical partition function of the liq
uid binary alloy is as follows:

Zin = Z(NM+ Npp+ Nag)! |

' ; Nax!Npg! Nyp!

Qi (T)Qs"(T)
exp(— Eag/ kT ) (2)

where Q;(T) = Zexp(— €/ kT ) is partr
‘

tion function associated with inner and transla-

tional degrees of freedom of atom i(i= A, B),
Ni(i, j= A, B) is pair number in the solu

tion.
3 ACTIVITY EXPRESSIONS

3.1 Component activity and canonical parti-
tion function

Statistical mechanics shows that macroscop-
ic quantity is assembly average of microscopic
quantity, hence it is also an ensemble average.
According to above, formula of Helmholtz free
energy can be given as follows:

F=- kTnZ (3)
where 7 is canonical partition function of the
system. And the relation of chemical potential
and canonical partition function is

b= R, (4

Comparing with thermodynamical relation
formula of chemical potential and activity, H; =
W4 RTlna; relation formula of component ac
tivity and canonical partition function is ob-
tained:
onZ(T, V. N;j

ON. )1, v-

Ina; = (

OnZ(T. V. N N;)
( aNi )T, v, Nj

3.2 Activity expressions

According to existent pattern of compound
in the solution, liquid binary alloy solutions could
be divided into two styles: non-compound sys
tem and compound system.
3.2. 1 Activity expressions of nomcompound
system

Because of no compound existing in the so-
lution, the devotion of chemical bond formed by
two atoms is unnecessary to be considered, the
configurational energy of the system is

Eip= Nap€p+ Nis&a+ Npp&p (6)

For system composed of pure substance A,
its configurational energy is

Ex= NAoZY €l (7)
Define {X;) = (N;}/ 2,{N;). where
L g

{X;} 1s called pair fraction; substitute Eqns.
(2), (6) and (7) into Eqn. 5 and according to
the principle of lowest energy, activity expres
sion of component A is obtained as:

Of N g}
Inay = ( ON Jr. v, NHIH{XAB} +

DIN 1)
("N,

o{ N
(_aLNEfLL) r, v, x,In{ Xpp} +

{Nagl O&z

Jr.ov, v In{ Xua )+

ko, et
{Naa) O&a
er (oN TN
{Nppl O&s
kT (ON, TV YT
0
Zig 8)

2kT
According to the same deduction, activity
expression of component B is also given by

)
=
=

Inag = ( aNB Jr. v, v, In{Xap}+

F

( Jr. v, v, Inf X4a) +

D

Npg

3

( Jr. v, v, In{ Xgg) +

D

Npg
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{Napl Ot
KT CONg T N

[Nl 084

+

kT (NG TNt
{Nppl O&p
KT (ONg/ T VN T
AL
2T (9)

Neglecting the relation of pairwise interac
tive energy and component concentration, activi
ty expressions of component A, B become as fol-
lows:

g

Inay = ( 3 )T, v, NBIH{XAB} +

=

A

S

)T, v, NBIH{XAA} +

Q) N
E%

NB IH{XBB} —

N y
e O
D
o =
o
~—
~
-

(10)

D O |
o
Eﬂ

Inag = ( Jr. v, v, Inf Xy} +

D)
E%
[ws]

Jr.v, v, Inf Xaxf +

-~
D

N

o]

3

(
VA
2kT (11
3.2.2 Particle number of compound system
Let [Ns-g], [N4] and [Ng] be particle

number of compound A xBy, component A and

Jr. v, v, InfXpp}) -

o))
=

B

S

component B in the solution respectively; 4,
(g and (Q,_ p represent partition function assocr
ated with inner and translational degrees of free
dom of particles A, B and AxBy. When com-
pound A yBy exists in the solution, chemical equi-
librium established among component AxBy,
compnent A and component B is as follows:

A L)+ yB(1)= AB,(1)

According to the calculation formula of e
quilibrium constant in statistical mechanics *!,
particle number of compound A xBy, component
A and component B are related with

[Ny-p] Qs p

[NGYINg]" T 03087

(- AEYKT)
(12)

where A E s the difference of dissociative en
ergy of reactant and product in ground state, it
is also the remaining sum of ground state of reac
tant molecula and product molecula.

The following relation exists among compo-

nent particle number:

[Na]= Ny—= X[Ny_p] (13)
[Np]= Np— Y[Ns_p] (14)
[ Na-pl
(Ni— X[Na_p]) (Ng— Y[N, 5])"
= 050, P AEY/KT) (15)

In Eqn. (15), at given temperature, partition
function Q4_p, Q4, Qp and AE? are indepen-
dent of particle number, they are constant.

Let
AA = %?;%exp(- AEY KT) (16)
Qi0s
hence
[N4- gl
(Ni= X/ Na_g])X(Ni= X[Na_g]) Y
- AA (17)

In Eqn. (17), N4, Np, X, Y and AA
are fixed value in a given system, therefore par
ticle number of component AxBy is easily ob-
tained. According to Eqn. (13) and Eqn. (14),
particle number of component A, B are also eas
ily obtained.

3.2.3 Activity expression of compound system

Considering the effect of compound existing
in the solution on particle number, canonical
partition function is
T = Z(NM + Npp+ Nap)! |

j N/l/l .’ NBB .’NAB .’

Qi (T)Qpr(T) Qiang *
(T)exp(= Exg/kT) (18)

When compound exists in the solution, the

devotion of bond-forming to configurational ener-

gy is needed to be considered. Thus, configura

tional energy is

Exp= Nap( &g+ PipA&p)+

Naa( &Ga+ Pas A&y )+

Npp( &p+ PppA&p) (19)
Py(i, j = A, B) is the probability of

pairw ise forming chemical bond i .

w here

According to the similar deduction of sec
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tion 3. 2. 1, activity expressions of component [Nas) OEy
A, B in compound system are kT [(aNA Jrovon, -
O/ Nip} OP 44
Inay = ( ON 4 )1, V., NBIH{XAB} + (aNB )1, V. N, A&y -
Of Ny} 04 &y
( N, Jr. v, vIn{ Xuaf + ( ON 5 Jr. v, v Paal +
Of Npp) [Npp) 0&
Tony JrovomIntXee)+ ir LN, /T vt
[Naip} Q&g OPgp
ke [y, Jr vt (Cong /T v, B Gst
OPup 0 A gy
(aNA Jr. v, v, D &p+t ( N, Jr. v. nPrrl -
0L &g O/ Ny p]
( ON ., Jr. v, xPag] + ( ON 5 Jr. v, v, InQ4-p—
[Nas) 0&4 O[Ny]
kT [(aNA)T’ V.N, T ( ON 5 Jr.ovox, InQ4 -
0Py o[ N
( ON 4 )T, v, N, A&+ (_aLNl;i) r, V. N, InQp+
04 &y 7%
(Ton, JrovonLanl+ InQp- 57 (21)
/NBB}[(aEBB) - Neglecting the relation of pairwise interac
kT ON,/ TV N tive energy and component concentration, activi
OPgp N ty expressions of component A, B in the solution
(aNA Jrovon, S8t are as follows:
A O Nugl
(ﬁ) r. v, xPrB] - Inay = ( ON Jrov. N In{ Xap) +
O N4 OfNual
(_%]37&1) T, V, Nb,ln Qa-p-— ( ON 4 )1, v, NBIH{XAA} +
oL N Of Nppl
( ON, Jr. v, v InQ4 - ( oN, TV v In{ Xpg/ +
oI N {Nag} OPsp
( ON 4 Jr. v w,InQp = kT (aNA JrovoN, At
AR {Nas) OPy4
L A48 -
InQa="opr (20) ke (oN, T v N BB
o/ N {Ngg! OPgg
IH(LB = (_{a_]\;;&i) T, V. N, IH{XAB} + LT (8N4 ) T, V., N, A %B -
OfNual O/ Nal
( aNB )T, V. N, IH{XAA} + ( 5N4 )T, v, NBIH QA -
Of Npp} I[Nkl
( aNB )T, V. N, IH{XBB} + ( aN4 )T, Vv, Nb,anB + In QA -
{Napl, Q&g [ Na—p]
LT [(aNB) T, v, N, t ( ON, Jr. v, n,nQu-p -
OPag Z3 €1
( aNB ) T, Vv, N, A&p+ 2T (22)
0N &p O/ Np}
( aNB )T, v, NAPAB] + ln(LB = ( aNB )T, V. N, IH{XAB} +
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(Of{ Nyl (A, B)= X4(B/A) (26)
ong 1 v InfXaa)+ (A, A)= X, (A/A) (27)
O N g (B. B)= X5(B/B) (28)
(“on, /T von InlXepf+ (B. A)= Xp(A/B) (29)
INaip} ~ Pup where X;(i= A, B) are the molar fraction of
kT (¢ aNB) T, v, N, D&+t atom 1.
Nt} OPas The total nearest neighbour pair number is

kT ( 5NB ) V. N, A Cua +

{Npp} OPgp
K (oNg )TV N Bl

o/ N

o/ N
O[ Nzl
( ONp
VAL
2kT

(
(

Jr. v, v, InQ4-p—

(23)

4 PAIR NUMBER

4.1 Pair number and Cowley Warren chemi-
cal short range order parameter

Because of the difference between two
atoms and between pairw ise interactive energies,
when different metals A and B are mixed into
solution, the mixing is incomplete random, the
chemical concentration around each atom is not
equal to their average concentration, and there
exists chemical short range order in the system.
In general, the probability of finding atom A as
a nearest neighbour of a given atom A is not e
qual to that of a given atom B. Similarly, the
probability of finding atom B as a nearest neigh-
bour of a given atom A is not equal to that of a
given atom B.

Suppose (/] ) to represent the probabilities
of finding atom i as a nearest neighbour of a giv-
enatomj (i, j= A, B); and (i, j) to repre
sent the probabilities of atoms i, j becoming
nearest neighbour ( 7, j = A, B ), obviously,

(B/A)+ (A/A)=1 (24)

(A/B)+ (B/B)=1 (25)

The probabilities (A, A), (A, B), (B,
B) and (B, A) are related to the conditional
probabilities (A/B), (A/A), (B/B) and
( B/ A ) through the relations:

then:

Nt()tal = (ZANA + ZBNB)/Z (30)
Zi(i = A, B) are the coordination
number of atom 7 in the solution, N,(i= A, B)

w here

are the number of atom 1.
A ccording to the definition of Cowley-War-
ren chemical short range order parameter a; for

the first co-ordination shell®” 7], conditional

probabilities( A/B), (B/A ) are related to q
as follows:
(A/B)= Xu(1- i) (31)
(B/A )= Xp(1l- a1) (32)
Thus, above-mentioned relations are readily
reduces to the relations of nearest neighbour pair
number and Cowley-Warren chemical short
range order parameter, namely
[Nag) = (A, B)Nt()tal+ (B; A)Nt()tal
= (ZANA + ZBNB)XAXB *
(1- (33)
(A; A)Nt()tal
(ZANA + ZBNB)XA *
(XA-}- XB(Il)/Z (34)
{Npp} = (B, B)N
= (ZANA + ZBNB)XB *
(XB+ XA(I1)/2 (35)

{Naa/

4.2 Cowley Warren chemical short range or
der parameter
When the solution is considered to be an
open system, its grand partition function is

2= YV (T)Q¥(T) -

exp[( UANA + UBNB - Ej)/kT]

(36)
where H(i= A, B) denote the chemical po-
tentials of component i, Q,(T)(i= A, B) are
partition functions associated with inner and
translational degrees of freedom of atom i, E;
are the configurational energy when the system
is in level j.
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The solution system can be considered to be
composed of lots of small domains, and each do-
main is also an open system, assuming that the
solution system is divided into two domains, do-
main 1 and domain 2. This enables us to write
down the grand partition function as the product
of the grand partition of the two domains:

E= E* E (37)
where

B = Z )y Q}H ég,lb .
J —

exp/— (E;+ En)/kT] (38)
By = Z N Q}u ngg .
J _

exp/— (E;+ En)/kT] (39)

G= Qu(T)exp( Wy/kT) (40)

G = Qp( T )exp( W/ KT (41)

N]A-}- NQAZ NA (42)

Niy+ Nop= Npg (43)

Ni(j = A, B, i = 1, 2) are the particle
number of atomsj in domain ;. E;(i= 1, 2)
are the configurational energy of domain 1, 2 in
level j. E121s the average value of the interaction
between atoms of domain 1 and domain 2. Estr
mation of exp( — K1/ kT ) of equations ( 38)
and (39) is quite difficult, F > is related to con-
centration, coordination number, atomic volume
and so on. Instead of making a rigorous ap-
proach, we resort to a simple approximation for
E 12 which is gained by Fowler and Guggen-
[8].

exp(— E1o/kT) ~ dypdip (44)

where f4 are the numbers of atoms in domain

heim

2 which are the nearest neighbours of atom A in

domain 1, fp is similar to f x; @, I are con-
stant.
Therefore,
E= Z W G 11 gy B dpexp(— E;/kT)
‘
(45)

When there is only one atom in domain 1, no
pair( AA, AB or BB ) is existing in the sys
tem, the configurational energy Fis zero. The
nearest neighbours of atom A, B in domain 2 are
equal to their coordination number, thus grand
partition = of the system composed of domain 1
can be written as

B'= 4B+ Gdf (46)
When there are two atoms in domain 1, pair
( AA, AB or BB )is existing in the system, the
configurational energy FE is not equal to zero, and
the devotion of pair which becomes a part of
compound A B, to interaction energy must also
be considered, therefore its grand partition can
be obtained as

2= G4V Quat GOV Qg+

S (47)
and

Qi = exp[= &+ Py 28)/kT]

(i, j= A, B) (49
where & (i, j= A, B) are the interaction en-
ergy betweeni.j, AE (i, j = A, B) are the
devotion of pair forming chemical bond to inter
action energy. By employing Eqn. (47), we can
immediately express the probabilities of two
atom i, j(i, j = A, B ) becoming the nearest

neighbour.
(A, A)= Qa5 YV ou/ 87 (49
(B, B)= G %V Qpp/ B (50)

(B, A)=(A, B)
= 4 g a0/ B (5])
Therefore,
(A, A)* (B, B)
(A. B)?

= Qas* OQps/ Qin

(52)
By setting
= Qui* Qpp/ Qis (53)
Equation (50) provides
(A. A)* (B, B)/(A, B)’= T  (54)
Equations ( 36) ~ (39) and( 54) provide

2X4Xp
(A, B)= (B+ 1) (55)
where B= J1+ 4X,Xp(M- 1) (56)
Equations (36), (41) and (56) further yield
a= (B-1)/(B+ 1) (57)

4.3 Nearest neighbour pair number

By making use of the relations of nearest
neighbour pair number to chemical short range
parameter to the relations of chemical short
range parameter and interaction energy between
atoms, we readily obtain the relation of nearest
neighbour pair number and interaction energy as
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follows. right triangles.
{Nap}=2(ZsNs+ ZpNp)Xa/( B+ 1) In right triangles A BF and ABE,

(58)

{NAA}: (ZANA-}- ZBNB)XA°
(B= 1+ 2X4)/72( B+ 1) (59)

I/NBB}: (ZANA-}- ZBNB)XB°
(B+ 1= 2X4)72( B+ 1) (60)
From the above equations, we can know
that if the interaction energy between atoms
€ (i, j= A, B), devotion of forming chemical
bond to interaction energy A§(i, j = A, B)
and the probabilities of forming chemical bond
are given, neighbour pair number can be ob-

tained.

5 PROBABILITIES OF FORMING CHEMI-
CAL BOND

Assuming that if (X - 1)A, (Y- 1)B are
the nearest neighbour of pair AB, compound
A B, is formed, thus the probabilities of pair
wise( ¢, j ) becoming a part of compound A B,
are |

Pig=[(B/B)'~ (B/A)"]*

[(A/A) = (A/B)*]/

[(A/A)- (A/B)]? (61)
Pyi= (X— 1)(Y+ 1)'

(A/A)Y"*(B/A)Y (62)
PBB: (X-}- 1)(Y— 1)'

(A/B)*(B/B)*Y ? (63)

When X or Y equals to one, the chemical bond
AA or BB does not exist in solution, in this in-
stance, P4, or Ppp is zero, the above equations

(62) and (63) are also correct.

6 THEORETIC FORMULAE FOR CALCU-
LATING COORDINATION NUMBER

According to the relations of conditional
probabilities, concentration and interaction ener-
gies in binary system, theoretic formulae of cal
culating coordination number can be obtained.
Generally, atoms in liquid binary alloy are close
to each other as shown in figure 1. Obviously,
EF is at right angles with AB, EG is at right
angles with CD. Relying on theorem about tri-
angle, triangle ABF, ABE, GDC and EDC are

AB*+ (Rs- Hyo)?= R3 (64)
AB*+ (Ra+ Hyi2)?= (MIN(R4. Rp)+
Ry)? (65)

Equations ( 64) and (65) provide
H4r= [(MIN(Ry, Rp))*+
2RiMIN( Ry, Rp)]/4R4 (66)
Hii= MIN(Ry, Rg)— Hyo
= [- (MIN(R4, Rp))*+
2RyMIN( R4, Rp)]/4R,4 (67)
Similarly,
Hgy= [(MIN(Ry, Rp))*+
2RyMIN(Ry, Rgp)]/
2(Ri+ Rs) (68)
Hpi= [2RgMIN(R4, Rp) -
(MIN(Ry. Ra))*]/
2(Ri+ Rs) (69)

Fig. 1

Sketch of atom distribution

From equations ( 66), (67), (68) and
(69), Hir, Hy1, Hps, Hpi can be calculated.
According to the volume formula, volume of sin-
gle coordination atom A or B in the globe whose
radius 1s Ry + MIN( R,, Rp) and whose center

is I can easily be obtained,

T
Vs = ?[Hil(RA +
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MIN( R4, Rp))— Har] + Hix3R,— Hyn) ]+
H32(3Ry - Hpa)] (70) (B/B)[H%1(3( Rp+
Vag = %[Hél(RA+ MiN(RMRB))_HBl)‘*
Hya(3Rp— Hpa)]) (77)

MIN( R4, Rg))— Hpi] +
Hu2(3Rp— Hpa)l (71)

Vs, Vap denote volume of the single coordina
tion atom A and B. Simultaneously, coordina
tion numbers Z44, Z4p are related to conditional
probabilities (B/A ), (A/A) and coordination
numbers Z4 through

Zyp= (B/A)Zy (72)

Zaa= (A/A)Zy (73)
where Z, denotes coordination numbers of
atom A, Zip and Z44 denote number of atom B
and A around atom A. Thus the volume occu-
pied by the coordination atoms A and B can be
expressed as

Vion = ZaaVan+ ZapVap

%ZA{(A/A)[H%“(RA '

MIN( R4, Rp)— Har)+
Hi2(3Rs - Hyn)] +
(B/A)[H51(3( Ry +

MIN( Ry, Rp)—- Hp)+
H32(3Rp~ Hpa)]) (74)

The volume occupied by the coordination atoms
A and B can also be expressed as

Vs = 4W3{[ Ry +
MIN(Rs. Rp)]’= Ri} (75)
Combine Eqn. 74 and Eqn. 75, co ordination
numbers Z4 of atom A are obtained as:
Zi= 4{[Ryi+ MIN(R4. Rg)]> -
RiPI/I(A/AJ[HAL(3( Ry +
MIN(R4, Rp))— Hyq)+
Hi2(3Ry— Hua)] +
(B/A)[H31(3( Ry +
MIN( R4, Rg))—- Hp1) +
H%a(3Rs— Hp)] ) (76)
Similarly,
Zp= 4{[ Rg+ MIN(R,, Rp)]*-
Re*}/{(A/B)[H3\(3( R+
MIN(Ry, Rp))— Hyq)+

In the above formulae, the atom radius is
denoted with different symbol, because the in-
terstitial volume is a part of the volume measured
by its radius from equation (74), but it is not a
part of that from equation(75); although using
the same radius, the error will be very great in
equation ( 74). Therefore we use density radius
calculated from mass density insteed, the density
radius is as follows:

R= [3M/40mN°]Y3 (78)

where M is molar weight, Pis density.

7 NUMERICAL VALUES OF CO-ORDINA-
TION NUMBER

In general, the interaction energy between
atoms increases with bond energy. Because of
datum shortage of interaction energy, bond ener-
gy was substituted for interaction energy, calcu-
lated results are shown in Table 1.

Table 1 Coordination number
Alloys Z, Z, relative ¢ )
(A - B) (calculated) (ref.) error/ % reterences

Feg. g3Bo. 17 12.52 13.2 5.15 [ 9]
Nig. 64Bo. 34 12.6 13.0 3.00 [ 9]
9]

Bo.36Nip.6a  9.93 9.0 10. 33 [

Cuo. 60Zro. 40 11.4 10.3 7.18 [ 10]
Coo.30P0.20  11.61 12.3 5.61 [11]
Cop.75sPo.2s  11.69  13.0  10.76  [11]
Fe;s 7P 11.76  12.78  7.98 [12]
Fep 75Poas 117 13.0  9.46 [ 13]
Py osFeg7s  10.15  11.9  14.71  [13]

I1.64
P().lgFe().gz 10 15

12.54
11.90

Feo 52Po. 13 7.12 experiment

14.7] experiment

8 CONCLUSIONS

(1) From the view of chemical short range
and incomplete random mixing existing in liquid
binary alloy solution, absorbing the rational part
of past statistical mechanics model, a new model
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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.
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( 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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