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ABSTRACT: The diffusion coefficients of isopentane (i-CsHi,), 1-hexene (C¢H;,), cyclohexane (C¢Hy4) in polyethylene particles were
measured by a highly sensible microbalance—intelligent gravimetric analyzer, using the desorption method with N, as a bypassing
gas. Both the effective diffusion coefficients (Deg) and dilute diffusion coefficients (DJ;) were measured simultaneously. It was found
that D} was about one magnitude smaller than D.g and the logarithmic form of DJ; was linear with that of D.g In addition, the
effects of particle size and distribution, polymer properties (e.g., the crystallinity and melt index), and operating conditions (e.g.,
temperature and pressure) on D.g were systematically investigated. The results showed that D.g increased linearly with the increase of
the square of particle size. The diffusion behaviors of hydrocarbons in polyethylene are of great importance in the polymerization

and purging processes. © 2010 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000000, 2012
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INTRODUCTION

Polyolefin is one of the most widely applied polymer families
for its abundant availability, low cost, and various application
fields. The key procedure of producing polyolefin is the poly-
merization reaction, during which the polymer particles are
formed in the reactor with catalyst, monomer (ethylene, propyl-
ene), comonomer (l-hexene), and condensing agents (isopen-
tane) or solvents (cyclohexane). After polymerization, the poly-
olefin particles discharged from the reactor inevitably contain
these unreacted hydrocarbons, which must be purged to comply
with environmental regulations and ensure the safety of our
products. The purging process is called devolatilization." Recov-
ering and recycling these unreacted hydrocarbons back to the
reactor also reduces the production cost. Therefore, the diffu-
sion behaviors of hydrocarbons in polyolefin are of great impor-
tance in the polymerization and devolatilization, which have
been studied extensively.

However, it is still difficult to find appropriate diffusion values
for the equipment design. The majority of those extensive diffu-
sion studies is focused on the polymer films,”™ rather than the
real polymer particles. The overall diffusion coefficients of inter-
nal diffusion in the pores of the polymer particles and diffusion
in polymer matrix are those needed for the equipment design,
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and the diffusion coefficients in polymer films are not appropri-
ate. Yan® determined the diffusion coefficients of dichlorome-
thane, trichloromethane, tetrachloromethane, and n-hexane in
polyethylene (PE) particles by use of the inverse gas chromatog-
raphy, but the diffusion coefficients were infinite dilution ones.
Gonzales® and Patzlaff’ have reported the strong influence of
the particle size on effective diffusion coefficients, but no quan-
titative relationship was obtained for lack of enough samples.
Therefore, it is necessary to determine the diffusion behaviors
of unreacted hydrocarbons in polyolefin particles quantitatively
and comprehensively. It should also be mentioned that the con-
centration of hydrocarbons in polyolefin is always changing in
the devolatilization process. The polyolefin after purging should
contain hydrocarbons no more than 10 ppmw, which is a very
dilute concentration. Hence, it is better to measure the effective
diffusion coefficients and dilute diffusion coefficients simultane-
ously using a unified method.

The intelligent gravimetric analyzer (IGA) by Hiden Analytical
(United Kingdom) is a weighing instrument with a high sensi-
bility of 1 ©g microbalance and an ultra-high vacuum. It can be
well used to determine the diffusivity. Nobile et al.® validated a
newly proposed model to predict the water-transport properties
of multilayer polymer films, using the IGA apparatus. Limm
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Table 1. Characteristics of the Polyethylene Samples®
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No. Sample type Density (g/cm®) Ml (g/10 min) M., M /M, T (K) Crystallinity (DSC) & (%)
PE 1 LLDPE 0.918 2 96,458 3.9 394 .25 0.272 34.09
PE 2 LLDPE 0.919 0.9 86,934 3.2 395.32 0.309 30.50
RERS HDPE 0.9456 12.2 163,364 16.2 401.32 0.544 30.01
PE 4 HDPE 0.9505 9 172,929 14.9 404.78 0.596 25.35
PE 5 HDPE 0.9508 2 225,776 15.9 406.52 0.615 21.55
PE 6 HDPE 0.9461 / 250,349 15.5 402.52 0.481 37.83
PE 77 / 0.9312 0.03 527,231 4.1 408.89 0.378 71.02

2PE 7*: the sample was synthesized by our research group (polymerizations were conducted in a 1-L stainless steel continuous gas-phase-stirred bed

reactor from Parr Instruments [Moline, IL] over a titanium-based Ziegler-Natta-type catalyst).

et al.” studied the diffusion coefficients of limonene in various lin-
ear low-density polyethylene (LLDPE) and low-density polyethyl-
ene resin films using the IGA gravimetric method. Doumenc'’
investigated the mutual diffusion coefficient of the polyisobutyl-
ene/toluene system through studying the swelling and the drying
of polymer films by the IGA weighing methods. With its high sen-
sibility of 1 ug, the IGA is appropriate to determine the dilute dif-
fusion coefficients although no published study has been found.

In this study, the diffusion coefficients of 1-hexene, isopentane,
and cyclohexane in PE particles were measured with the advanced
microbalance—intelligent gravimetric analyzer, N, as the bypassing
gas. Considering that ethylene and propylene diffuse much faster
than 1-hexene, isopentane, and cyclohexane, the diffusion behavior
of ethylene and propylene was not discussed in our study. The
experiments were carried out under conditions relevant to solid-
state devolatilization. The main aim is to study the effect of parti-
cle size, PE properties (crystallinity, density, and melt index [MI]),
operating conditions (temperature and pressure) on the effective
diffusion coefficients quantitatively. Moreover, the effective diffu-
sion coefficients at dilute diffusant concentration were obtained,
which are needed at the late stage of devolatilization.

EXPERIMENTS

Materials and Characteristics -
Analytical grade isopentane (i-CsHj,), 1-hexene (CgH;,), and =0 nascent particle

. . w===] 20-30 mesh
cyclohexane (C¢H,4) were obtained from J&K Chemical (Shang- i prvasr
hai, China), with a minimum purity of 99.99%. The PE samples 14| 3 40-60 mesh
were supplied by SINOPEC (China) or synthesized by our = e G080 mesh
research group. The samples were nascent particles obtained .5 i 5 R LD bR
from the reactor after polymerization. The particles were E
mechanically sieved with meshes and the batch between mesh E
20 and 30 (550-830 pum) was chosen for measurements. B 7F

=]

The properties of PE samples are summarized in Table I. Den- &
sity and MI were measured according to GB/T 1033-86 and GB/ -
T 3682-83, separately. The molecular weight distribution and
average molecular weight were obtained using the gel permea- 0
tion chromatography (PL-220, United Kingdom). The differen- 10 100 1000

tial scanning calorimetry (Perkin-Elmer 7, Japan) was used to
determine the melting temperature and the crystallinity. For
crystallinity determinations, a value of 290 J/g'' was taken as
the enthalpy of fusion of a perfectly crystalline material. The
porosity (&, defined as the ratio of the volume of pores in PE
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particle to the volume of the whole particle) was measured in
the mercury intrusion porosimetry (MIP, IV-9510, USA).

The PE particles used for studying the influence of particle size
were obtained by sieving the nascent particles of PE 1 into five
different size fractions. The particle size and distribution are
measured in the laser diffraction size analyzer (MASTERSIZER
2000, United Kingdom), taking the equivalent diameter of equal
volume sphere as the mean particle diameter. The characteristics
of the different size fractions are shown in Figure 1.

Apparatus and Measurements

The diffusion experiments were carried out in the IGA, model
IGA-003, Hiden Analytical (Warrington, United Kingdom). A
schematic diagram of the IGA is shown in Figure 2. The sam-
ples were placed in the reactor, which is a stainless steel cylinder
with diameter of 34.5 mm and height of 300 mm. Temperature
is regulated with a water bath or a heating furnace outside the
reactor, and measured by a platinum resistance thermometer
(Pt 100) located near the sample. The temperature uncertainty
and stability are 0.1 and 0.05 K, respectively. Pressure is regu-
lated with a proportional-integral-derivative (PID) controller,
and measured by a manometer (relative error, <0.3%). The
pressure stability is better than 2 Pa. At each set-pressure or

particle size (um)

Figure 1. Particle size and distribution of fractions with different dia-
meters. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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Figure 2. Schematic diagram of IGA-003 system: 1, 2: gas cylinder; 3: com-
puter-controlled admittance valve; 4: reactor; 5: furnace; 6: computer-controlled
thermostated microbalance system; 7: computer-controlled exhaust valve; 8:
pump; MFC: mass flow controller; and P: pressure sensor. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com. ]

temperature point, the real-time processor of the IGA can re-
cord the increase or decrease of the weight of the samples owing
to adsorption or desorption of diffusant automatically. The
mass measurement noise is about 1 ug, and the reproducibility
(same measurement performed at various times) is about 10 ug.

Considering that the diffusion kinetics of sorption and desorption
may differ, the desorption method was used and N, was the bypass-
ing gas. The typical sample mass of the experiments is about 150
mg, not a constant, which would not influence the results. The PE
particles were first outgassed in vacuum environment at 373 K for
24 h, to eliminate any existing unreacted hydrocarbons that might
interfere with experiments. Second, the samples were immersed in
the diffusant for 3 days, to make sure that they were saturated.
Then, they were placed in the reactor. N, was introduced from the
gas cylinder to purge the diffusant in particles. When the weight
change was maintained at about 1 ug for more than half an hour,
the diffusion equilibrium was assumed to be reached. The final pro-
cedure was to record the dry mass 1, of the PE.

Buoyancy and Swelling

Thermogravimetric analysis must be carefully corrected for a
number of gravitational balance forces. In other words, buoyant
forces have to be considered, including (1) changes in the buoy-
ant forces owing to the variation in pressure and temperature;
(2) aerodynamic drag force created by the flow of gases; (3)
swelling (volumetric changes) in the samples owing to expan-
sion. The sum of these forces is quite large (0.1-5 mg) and can
lead to large errors if it is not carefully accounted for. The
buoyancy correction follows from Archimede’s principle. The
true weight m is expressed as follows

M = Mpeas + pgas(p7 T)V(p7 T) (1)

where 0, is the apparent measured weight at pressure p and
temperature T, pg,s (p, T) is the density of the gas phase, and
V(p, T) is the volume of the total measured object (comprising
the volume of the polymer and accessories of the apparatus).

The temperature and pressure are usually not high in the devolati-
lization process of LLDPE and high-density PE technologies, and
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hence the solubilities of -CsH;,, C¢H5, and C¢H;, are no more
than 1 wt % separately. In the videomicroscopic measurements
and PC-SAFT predictions by Novak,'> no measurable swelling
effect was observed for 1-hexene/PE particles system, under the
conditions similar to our experiments. According to the relation-
ship between elongation of PE film and solubility of 1-hexene in
Moore’s" study, the elongation is no more than 0.4% when the
solubility is <1 wt %. Hence, swelling caused by adsorption of 1-
hexene can be neglected in the buoyancy correction in our study.
Owing to the lower or similar solubilities of i-CsH;, and CsHjy,
no significant swelling of the PE particles is expected.

THEORY

Three kinds of mass-transfer patterns exist in PE particles: external
mass transfer caused by particle packing, internal diffusion in the
pores of the PE particles, and diffusion in PE matrix. The overall
diffusion coefficients of internal diffusion and diffusion in polymer
matrix are the needed ones. The overall diffusion can be expressed
by Fick’s second law,” assuming the particles are uniform spheres

9 ?q 20q
E_Ddf (w+;a (2)

Initial condition
q(r,0) =qoatt=0
Boundary conditions
g—z =0atr=20

% =0at r=R, thatis g|,_, = constant

where D is the effective diffusion coefficient of internal diffu-
sion and diffusion in polymer matrix, and ¢ is the concentra-
tion of diffusant in polymer particles, respectively.

The following assumptions are being made:

1. The adsorption equilibrium of N, in polymer particles is
reached instantly, and keeps constant;

2. The swelling can be neglected as previous analysis;

3. The diffusion coefficient at low and dilute concentration is
independent of concentration respectively; and

4. The flow rate of the bypassing gas is big enough to elimi-
nate the external diffusion between particles.

Based on Crank’s study,'* solution of eq. (2) is

%:l - iiexp{fD fff’lzT[zt/Rz} (3)
M — n?m? ¢

where M, is the total amount of diffusant, leaving the sphere
particles at time f, and M, is the equilibrium value.

Effective diffusion coefficients can be determined by fitting the
experimental desorption curves according to eq. (3).

RESULTS AND DISCUSSIONS

Determination of N, Flow Rate
As mentioned previously, three kinds of mass-transfer patterns
exist in PE particles: external mass transfer caused by particle
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Figure 3. Diffusion coefficients of i-CsH,,, C¢H;4, and C¢H;, in PE 1
under different N, flow rates.

packing, internal diffusion in the pores of the PE particles, and
diffusion in PE matrix. Different particle packing results in dif-
ferent void fraction and external mass transfer. Besides, the
overall diffusion of the internal diffusion and diffusion in PE
matrix is what really needed to be investigated in the purging
process. Hence, the flow rate of bypassing gas should be big
enough to eliminate the external mass transfer. Desorption
experiments of i-CsH;,, C¢Hjs, and C¢Hy, in PE particles have
been carried out under a series of N, flow rate, with the other
conditions remained constant. The PE particles used here have
the same average diameter, obtained by sieving PE 1 and the
experiment temperature was 308 K. The pressure was constant
in these experiments, and was maintained through a PID
controller.

The results are shown in Figure 3. It can be seen that the effec-
tive diffusion coefficients of i-CsH,, C¢Hi,, and CgHy, vary lit-
tle when the N, flow rate is >200 mL/min, which indicates that
the influence of external mass-transfer resistance has been prac-
tically eliminated. To be on the safe side, the operation N, flow
rate is determined as 300 mL/min.

Influence of PE Particle Size and Distribution

In this part, diffusion behaviors in PE 1 particles with different
diameters have been investigated. The samples were obtained by
sieving the nascent particles of PE 1 into five different size frac-
tions. Different size fractions differ little in crystallinity,” and
hence they are different only in particle size and distribution. i-
CsH,, diffuses faster than C¢H;, and CgH,,;, and hence we
chose i-CsHj, for these experiments to save time. The experi-
ments were carried out at 308 K. The results of particle size and
distribution have been shown in Figure 1. The diffusion results
are shown in Figure 4. To ensure reproducibility, the experi-
ments were repeated three times.

As shown in Figure 4, there is a significant dependency of the
effective diffusion coefficients on particle size. Bigger particle
size fraction results in bigger effective diffusion coefficient. For
the fraction of the biggest particles, the effective diffusion coeffi-
cient is roughly one magnitude higher than that for the fraction
of the smallest particles. The increase of effective diffusion coef-
ficients with increasing polymer particle size is probably owing
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to the decrease of the effective length of diffusion within the
polymer particle. This may be caused by the formation of more
voids, cracks, or pores in the larger polymer particles during the
course of polymerization.”

The second interesting but intriguing result in Figure 4 is that
the effective diffusion coefficient is linear with the square of ra-
dius. Similar trends can be obtained from the effective diffusion
coefficient values of ethylene in polypropylene copolymers and
the corresponding radius in Bartke’s study'® although the
author did not point it out.

It can also be observed that the red point representing diffusion
result of nascent particles is right in the fitted line of sieved par-
ticles despite the nascent particles have larger size distribution.
This can be explained by the following equation.

For the nascent particles, we can obtain the following equation
via derivation

L1 ZXiZiexp{_Deff,inznzt/Riz} (4)

M, =~ 6
My — n’n?

i n
where X, D, and R; are mass fraction, effective diffusion
coefficient, and mean radius of ith part of sieved particles,

respectively. Defﬂj/Riz is a constant for the sieved particles; con-
sequently Deff,i/Riz is also a constant for the nascent particles.

The investigation above indicates that the effective diffusion
coefficient is linear with the square of radius but has no
obvious relationship with the particle size distribution. Deff,i/RiZ
is taken as the parameter for comparison in the following
studies.

Influence of PE Properties

In this part, the effect of PE properties (crystallinity, density,
and MI) will be considered. The experiments were carried out
at 308 K. Diffusion behaviors for semi-crystalline polymer films
have been widely studied in terms of the noncrystalline frac-
tion,'®"” taking into account that the crystalline regions act as
impermeable barriers. It is typically assumed that no solvent
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Figure 4. Dependency of effective diffusion coefficients on particle size for
i-CsH;, in PE 1. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

@WILEY fi@ ONLINE LIBRARY



Applied Polymer

SCIENCE

T s T ¥ T . T Y T ¥ T
®  isopentane |

ey # cyclohexang
A l-hexene 1

1E-4F

5
v

D *(I-£)/R (s")

Figure 5. Semi-logarithmic plot of the normalized diffusion coefficients of
various diffusants as a function of <]5o{71. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

can absorb into the crystalline regions of the polymer, and thus
the solvent molecules must diffuse around them in a tortuous
path. According to the reference published by Stern et al.,'® the
diffusion of small molecules through semi-crystalline polymers
can be expressed in terms of Fujita’s'® free-volume model:

Ba

where A; and B, are characteristic parameters; ¢, is the volume
fraction of amorphous polymer, and can be determined from
the crystallinity values (by DSC) reported in Table I. v¢ is the
volume fraction of the free volume; and R and T are the univer-
sal gas constant and absolute temperature, respectively. At low
pressures as used in this study, v¢ can be approximated by the
following relationship:

D = RTA; exp (f

vo(T) — v (T)
vy (T)
where v, (T) and v. (T) are the specific volumes of the amor-

phous and crystalline phases, respectively. The temperature
dependences of the specific volumes can be assumed to be*

vi(T) = (6)

v(T) = 1.152 4 8.8 x 104(T — 273.15) (7)
ve(T) = 0.993 + 3.0 x 1074(T — 273.15) (8)

The PE particle samples are not only different in the form of
crystallinity (Table I), but also in the form of pore properties
(Table I). Hence, when we tried to build the relationship
between effective diffusion and crystallinity, we considered only
the matrix part. For the matrix part of a porous sphere

o0

M_l X 6
JUrmatx g _Zﬁexp{_(l —8p)Deff”27'f2t/R2} ©)

Moo‘,matrix n—1
Then in the data analysis (1 — &,)De¢ was used for correlation

instead of D The terms A; and B, can be obtained from the
least squares fit of the plot of In[D.g (1 — Sp)/Riz] versus q{)[l
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Table II. Values of the Free-Volume Parameters A; and By
Diffusant 107 Agmmol/(s*J)) By
i-Cs 4210 0.281
CgH12 3.700 0.310
CeH14 1.340 0.297

according to egs. (5)—(9). The corresponding representation is
shown in Figure 5, and a fairly good linear variation is observed.

The values obtained for A; and B, are listed in Table II. A; depends
on the diffusant molecular size. B, is assumed to be a constant close
to unity although more rigorous treatments suggest that its value
depends on the size of the polymer jumping unit and the minimum
size of the hole required for a diffusive jump to occur.”'

The study above indicates that the effective diffusion coefficient
normalized with radius and porosity has an exponential rela-
tionship with ¢, ' at a certain temperature.

The density has a relationship with crystallinity as follows

WC:&(P—/%)
P \Pc = Py

3

(10)

where p, = 0.8531 g/cm® and p. = 1.000 g/cm’ are the amor-
phous-phase and crystalline-phase densities, respectively, and p
is the actual density of the polymer. The influence of density is
given in egs. (5)—(10).

The effect of MI was also considered. For PE 2, PE 3, and PE 4,
they have similar normalized diffusion coefficients (Deg(l —
&,)/R7~2.0 x 107> s ') although they differ greatly in MI (Ta-
ble I). While for PE 1 and PE 2, their normalized diffusion
coefficients have difference as much as one magnitude (for PE
1, Deg(1 — sp)/Rl-2 =13 x 107* s although their MIs are
equal (Table I). It can be seen that the MI has no distinct effect
on the diffusion behavior.

Influence of Operating Conditions
The effect of operating conditions (temperature and pressure)
on the diffusion behavior has also been analyzed. The PE

T ¥ T L T
151 W isopentane |
#® cyclohexang
-8.0 A 1-hexene -
8BS J
=
€190 -
S
Q
1 95 g
-10.0 8
-10.5 T T T
0.0030 0.0031 0.0032
VT (K"

Figure 6. Variation of Dg/R;, with temperature for PE 1. [Color figure can
be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Table III. Arrhenius Coefficients of Various Diffusants in PE 1

Diffusant DolR? (s71) Ees (kd/mol)
i-CsH1o 0.450 20.750
CeH12 72470490 71.098
CeH14 160787.7 56.800

particles used here have the same average diameter, obtained by
sieving PE 1.

The effect of temperature on the effective diffusion coefficients
of i-CsHy,, CeHyp, and CgH;, is shown in Figure 6. As
expected, all the diffusion coefficients increase as the tempera-
ture increases. That is because the chains of PE become more
flexible and the free volume in the PE matrix increases.”? All
effective diffusion coefficients are well correlated by an Arrhe-

: L 23,24
nius-type expression™"":

Eett
Deff—DoeXp (— RT) (11)
Here, D, is a temperature-independent pre-exponential factor,
E.q is the effective activation energy of diffusion, and RT has
the usual conventional meaning. The Arrhenius coefficients
were obtained through least square fitting and the results are
summarized in Table III.

The variation of effective diffusion coefficient with the pressure
was investigated. The operating pressure was achieved by adjust-
ing the pressure of N, through a PID controller. The diffusant
was i-CsH;, and the PE sample was the sieved particle of PE 1.
The effective diffusion coefficient almost maintains at the value
of 2.50 x 107" m%s, in the range of 1-5 bar. Therefore, the
effect of operating pressure could be neglected.

Diffusion at Dilute Concentration

The concentration of hydrocarbons in PE is always changing in
the devolatilization process. Usually, the dependence of diffusant
concentration on diffusion is not significant at low concentra-
tions. For instance, diffusion coefficients of i-CsH;, in nascent
PE 1 particles at 308 K are roughly equal whether the initial i-
CsH;, concentration is 5000 or 1000 ppmw. However, the con-
centration of hydrocarbons at the late stage of devolatilization is
very dilute because the PE should contain hydrocarbons no
more than 10 ppmw after devolatilization for the purpose of

Applied Polymer

IENCE

1E-11 F

1E-12 |

D ogp (m'/s)

1E-13 }

1E-11
Degp (m’/s)

1E-12

Figure 7. Log-log plot of the dilute diffusion coefficient versus the effec-
tive diffusion coefficient.

safety and recycling. The dilute diffusion coefficient (defined as
D) can be one to two magnitudes lower than the effective
one. Hence, it is not appropriate to consider D,y being constant

during the devolatilization stage.

It is not necessary to consider D.g as concentration dependent
in the whole devolatilization stage. First, solving the diffusion
equation needs efficient computer programs to obtain numeri-
cal or analytical solutions. Second, the application of complicate
numerical or analytical solutions to practical problems can pres-
ent difficulties, leading to calculation consumption in the design
of devolatilization process, for example. Hence, we just adapted
two effective diffusion coefficients for more simplicity and accu-
racy, Deg at low concentrations and one at dilute concentrations
(defined as D).

Common balances for weighing are not accurate enough for
obtaining DJ;. The IGA with a precision of 1 ug is appropriate
for analyzing both the effective diffusion data and the dilute dif-
fusion coefficient. D}; for most of the systems measured previ-
ously were acquired when the initial diffusant concentration was
dilute, 100 ppmw. The relevant results are shown in Figure 7.
D is about one magnitude smaller than Dy and the logarith-
mic form of DJ; is linear with that of D.gy through empirical
fitting.

Table IV. The Comparison of Effective Diffusion Coefficients with the Literature Values

Thickness or

T (K) System Morphology diameter (mm) Crystallinity Dett (M?/s) Literature Method
298.15 CeH14 + LLDPE Particle 0.901 0.272 5.09e — 12 Our study Desorption
298.15 CeH14 + LDPE Film -a - 3.34e - 12 Randov&®® Swelling
333.15 i-CsH412 + LLDPE Particle 0.570 0.272 2.03e — 11 Our study Desorption
333.15 i-CsH1s + LLDPE Particle 0.360 0.37 5-6e — 11 Scicolone®® IGCP
343.15 CeH12 + LLDPE Particle 0.901 0.272 2.21e — 10 Our study Desorption
34315  CgHip + LLDPE Particle 0.360 0.37 1.35¢e — 10  Scicolone®®  IGC

@Not found in relevant literatures. °Not found in relevant literatures.
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Comparison with the Literature Values

Effective diffusion coefficients calculated from the crystallinity
dependence (eq. 5) and temperature dependence (eq. 11), using
the parameters listed in Tables II and III, are compared with the
data found in the literatures. The results are summarized in Ta-
ble IV. It can be seen that diffusion coefficients are of the same
order as the literature values. The difference may be caused by
different apparatus, methods, or PE shapes.

CONCLUSIONS

A desorption method by the IGA was developed to measure
effective diffusion in polymer particles—solvent systems. Both
the effective diffusion data and the dilute diffusion coefficient
can be obtained. The results showed that D} was about one
magnitude smaller than Dy and the logarithmic form of D
was linear with that of Dy Besides, the effects of particle size,
PE properties, and operation conditions on D,y were investi-
gated. It was found that D.g was linear with the square of the
particles’ average radius. The influence of PE crystallinity was
indicated by the relationship of normalized diffusion coefficients
with ¢,”!, according to Fujita’s free-volume theory. The de-
pendence of Dy for all systems on temperature was correlated
well with the Arrhenius equation. The particle size distribution,
MI, and operating pressure showed no obvious effect on D

In this article, the effective diffusion coefficient values are not
only necessary in the design of devolatilization, no matter in
the gas or slurry technology, but also of profound importance
for studying the process of polymerization in reactors, granula-
tion, and drying.
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