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ABSTRACT

It is shown that when the distribution of particle sizes is included,
the calculated diffusion coefficient value from the sintering experi-
100nt can be many orders of magnitude greater than the usual calculated
value which was based on an average particle size.

One of the most puzzling facts in the sintering experiments of oxides

is the large diffusion coefficient which can be 'obtained from all the diff-

usion models of sintering. In the case of aluminum oxide (1) the calculated

values were higher than those for alumimun and oxygen by two and four orders of

magnitude. Sintering data on NiO (2) showed a factor of four orders of mag-

nitude over the diffusion data. Coble and Gupta (3) showed that a correction

in the determination of equivalent grain size can decrease the calculated diff-

usion coefficient values. This paper shows that by taking the particle size

distribution into consideration, a substantial reduction in the calculated

diffusion coefficients is readily feasible.

Following Lay and Carter (4), the change in linear dimension can be

expressed as

At =

(

A DA t

)

P

R. 3
rA

(1)
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p= 0.33 grain boundary diffusion

p= 0.50 bulk diffusion

where A= CyQ
kT

t= sintering time

rA= equivalent grain size radius

DA=calculated apparent diffusion coefficient

If the particle distribution in volume fractions is fer ) then, the.

above expressiOJ} (eq. (1)) can be written as:

61 = (ADt)P~f(r) (r ) -3~! H..
The expression eq.(2) is due to the additive property of

(2)

(H/t) ,

and is based on a simple model of packing of particles. Instead of the us-

ual sintering model where compacts of identical spheres were assumed, this

present model assumes that each packing layer consists of particles of

same size. The interactions between particles of different sizes are not

taken into accmmt. However, in this simple model, particles of different

sizes are in contact only between packing layers. Therefore, these inter-

actions, if taken into accOlmt, would further increase the DA values. The

neglect of these interactions does not invalidate the conclusions in this

paper. The ratio of the calculated diffusion coefficients in eqs. (1)

and (2), namely DiD is given by: . -3p lip
DiD =[tf(r.) (r.)

](rA) 3p

(3)

To provide a quantitative value for DiD, we assume a discrete part-

icle distribution fer ) which at specified regular intervals, has the.

value of a log normal (Gaussian) distribution whose average valueis rA'
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For a comparison, the distribution is made to vary in the following way,

First, the average radius value rA is asslURedto be a constant value, for

example, rA=2 is used throughout this study. The discrete. distribution is

a nonnal distribution when placed on a scale of log rA+l-log rA, and its
(J

regular interval, t.z, is fixed to be 0.1. TIle standard deviation (J is

varied on a linear scale with log rA.

(J = q10g rA

t.z = log rA+1 -log rA
(J

(4)

(5)

From (5) it shows that

r = r (qz +1) = (1+1 (t.z))
1 A 1 rA

.(6)

For a range of q values, tlle ratios of DJylDfor either grain bound-

ary diffusion or bulk diffusion are shown in Table 1. The discrete dis-

tribution has 34 intervals. At each interval, the distribution has the

value of the cumulative Gaussian distribution at tllat point. Co1lURnS3

and 5 in Table 1 represent the radius values at the first interval on both

sides of the average value rA(=2), and collunns 4 and 6 represent the radius

values at the 17th intervals on both sides of rA. The sensitivity of DpjD

is in the neighborhood of 1. Therefore, the lJAID values, which are less

than l, can be approximated to be 1. It is therefore shown that for rea-

sonable particle distributions, large values of apparent diffusion coef-

ficients can be readily obtained.

The conclusions are:

1) The particle sizes contribute substantially to the determination of

2)

diffusion coefficients from sintering experiments.

The sensitivity of the calculated diffusion coefficients value to the

distribution of small particle sizes renders itself useless, since the

small particle size ranges are the least accurately determined.
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TABLE 1 0')

Dependence of Ratios (DA/D) on the Width Increment, q, of Normal Distribution of Particles

P .. 0.33 P III0.5

(r )O.lq (rA) 1. 7q (r )-O.lq (r )-1.7q
p

\ D.JD)P
t:1q O.lq (DA/D) DpjD DA/D HA A A "%j
"%j

0.1 0.01 1.007 1.125 0.993 0.889 0.852 0.616 1. 706 2.910 m
H
0

0.5 0.05 1.035 1. 803 0.967 0.555 0.885 0.691 1. 817 3.302 Z
()

0.99 0.099 1.071 3.211 0.934 0.311 0.993 0.979 2.196 4.822 0
l'%j
"%j

2.00 0.20 1.149 1.0556x10 0.871 0.0947 1.545 3.737 3.012 9.072 "%j
H
(')

1. 06895x102
H

3.00 0.30 1.231 3. 4296x10 0.812 0.0292 2.946 2. 6419x10 1. 0339x10 l'%j
Z

1. 114xl02 0.897xlO-2 2. 85534x102 1. 797x103
t-34.00 0.40 1. 320 0.758 6.462 4. 2359x10

3.620x102 0.276x10-2 3 1. 923x102 3. 698x1045.00 0.50 1. 414 0.707 1. 556lx10 4.095x10 t-3
>

6.00 0.60 1.516 1. 176xl03 0.660 0'. 850x10 -3 3. 9943x10 4
9. 312x102 8.67lx1057. 126x10

7.00 0.70 1.625 3. 822x103 0.616 0.262x10-3 1.073xl02 1. 423x106 4.705x103 2. 214x107
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3) TIlegreat range of the variability of the calculated diffusion coeffi-

cient values from sintering experiments does not support the common

usage of identifying these diffusion values with that of the

cation diffusion in the oxides. They may, indeed, be the oxygen

diffusion.
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