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Abstract—The thermal conductivity of an active carbon bed in vacuum, helium, neon and argon has been
measured at temperatures up to 200°C. A modified version of the Zehner—Bauer model is developed which
successfully describes the results. The model is expanded to include the variation in grain conductivity due
to the adsorbed phase when the bed is exposed to an adsorbable gas. The expanded model is verified by
conductivity measurements with ammonia at up to 11.3 bar pressure and 25% mass concentration.
Conductivities are predicted to +3.1%, —2.5%. Bed conductivities with ammonia are typically 0.165 W
m~! K~', with minor changes due to concentration, but the grain conductivity varies between 0.85 and
1.25 W m~' K™ as a non-linear function of concentration.

INTRODUCTION

The ability of activated carbons to adsorb large mass
concentrations of refrigerant gases makes them ideal
for use in heat driven (adsorption) refrigeration and
heat pump systems {1]. In the process of heating a
granular bed of active carbon above ambient tem-
perature (desorbing refrigerant) and then cooling it
back to ambient temperature (adsorbing refrigerant),
a thermodynamic cycle is performed which results in
refrigeration or heat pumping as required. In order to
make these systems economically viable, their size
(and inventory of adsorbent and refrigerant) must be
reduced [2]. This implies a need for rapid heating and
cooling of the adsorbent bed to improve the power
output per mass of carbon. Granular beds tend to
be poor conductors and so there is a need both to
understand the heat and mass transfer within the bed
and to improve on it.

The favoured combinations of adsorbent and
refrigerant are active carbon with methanol or
ammonia [1, 3], zeolites with water or ammonia [4],
or chemical adsorbents such as calcium chloride with
ammonia [5]. Heat transfer in carbon-methanol beds
has been studied by Guilleminot and Meunier and
others [6, 7], zeolite—water beds by Sahnoune and
Grenier [8], and salt-ammonia beds by Mauran e? al.
[9]. This study investigates the thermal conductivity
of carbon-ammonia beds. Sutcliffe-Speakman’s coco-
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nut shell activated carbon 208C was chosen for its
good adsorptive properties with ammonia and was
used throughout the experimental programme.

THEORY OF HEAT TRANSFER IN PACKED
GRANULAR BEDS

Early models utilized an idealized geometry, for
which the temperature field could be solved using the
Fourier law. The usefulness of this approach was lim-
ited since there are only a few configurations for which
there are closed form solutions and they are not par-
ticularly realistic. More general models based on
Ohm’s law were developed to relate the bed porosity
¥, the grain or solid conductivity 4, and the gas con-
ductivity 4 to the overall bed conductivity 4,,. Models
assume either parallel isotherms perpendicular to the
heat flux (zero lateral resistance) or heat flux uniform
in the direction of heat transfer (infinite lateral resist-
ance). These provide bounds to the real solution. Unit
cell geometries vary; including hyperbolic shaped
grains, lamellae and touching spheres [10-13]. The
major problems associated with theses models are
unrealistic assumptions regarding heat flow and par-
ticle array geometries. Zehner [14] introduced a vari-
able contour particle shape and assumed parallel heat
flux lines, as shown in Fig. 1. Bauer [15] extended
the work and the Zehner-Bauer model is the most
extensive and complete of its kind. The unit cell con-
sists of a solid central core, a mixed bed region and
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Z height in the Zehner—Bauer model unit
cell.

NOMENCLATURE
A relative area of solid conduction path Greek symbols
within grain £ emissivity of the solid surface
B deformation factor A thermal conductivity (of gas unless
C, modified Stephan-Boltzmann subscripted)
constant = 5.67 ¢ relative area of grain to grain contact
K constant in Dubinin—Astakhov W porosity (pore volume/bed volume)
equation Ve grain porosity (micropore
n exponent in Dubinin—Astakhov volume/grain volume).
equation
term defined in equation (4)
¥ radius of the solid core in the Zehner— Subscripts
Bauer model unit cell ad adsorbed phase
temperature (K) b overall bed
X mass concentration b* effective mixed bed
Xo maximum mass concentration g solid grain without micropores
Xr effective radiation length of the R radiation
particle packing s solid grain

s* solid grain with adsorbed phase
sat  saturation.

Direction of Heat Flow

grain-grain contact fraction

/

the dimensions shown are relative areas
Fig. 1. The Zehner-Bauer model.

an outer annulus of gas. It has unit volume, height
and cross-sectional area. The shape of the solid core
is generated using equation (1):

.2
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The deformation factor B allows the solid core to have
a range of shapes from a thin cylinder when B =0, a
sphere when B = 1 and a thick cylinder when B — oc.
It is by virtue of this extra degree of freedom that the
Zehner—Bauer mode!l generally produces a superior

fit to experimental resuits. This is because the errors
introduced into the equation by assuming uniform
geometry and parallel heat flux may be minimized by
distorting the particle geometry to fit the result. The
unit cell particle shape is not necessarily similar to
that of the real particle. Six possible heat transfer
mechanisms are modelled :

(1) conduction through the grain;

(2) conduction from grain to grain through an area
of contact;

(3) conduction through the gas phase;

(4) conduction through the gas phase near points
of contact where the mean free path of the gas mol-
ecules is comparable to the volume in which they move
(Knudsen effect) ;

(5) radiant heat transfer from grain to grain;

(6) radiant heat transfer from void to void.

There are three material phases in the unit cell which
transfer heat along parallel flux lines. These are a
solid volume, a gas volume and the remaining mixed
volume which is part solid and part gas. A full dis-
cussion and derivation of the model is given by Turner
[16]. The resulting equations are complex but explicit
functions of bed properties. A simplification made
here is that the Knudsen effect on gas conductivity is
negligible at the likely operating pressures and tem-
peratures of an ammonia—carbon refrigerator or heat
pump. This is justified in the results section. The sim-
plified Zehner—Bauer equations are:

= {l—m}[lw%“} 1—w(¢%>
Hw-9% o
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The radiation conductivity Ag is given by equation
(5), which is based on radiation exchange between
two parallel surfaces with a modification to allow for

the non-parallel nature of the pore shape and for the

use of the pore depth as a characteristic dimension :
in _ 0.04C, [ TY
i T A@fe—1\100) ©)

The equations are derived in full by Turner in ref.
[16]. There are four unknowns in the above equations
which relate to the bed (rather than gas) properties:

B which describes the cell geometry

¢ the relative grain—grain contact area

xR

2/e—1

the effective radiation length and emissivity

i, the grain conductivity.

When a gas is adsorbed within the micropores of the
adsorbent grain, it is expected that A, will change. The
standard Zehner—-Bauer model does not allow for this
effect and must be modified accordingly. The quan-
titative effect is described and interpreted in later sec-
tions.

THERMAL CONDUCTIVITY MEASUREMENTS

A steady-state method of measurement was
adopted to avoid any mass transfer effects that might
occur due to desorption in transient heating. The test
equipment is unique in that all other such measure-
ments in the literature are low pressure devices. This
equipment is designed to withstand pressures up to 30
bar and temperatures up to 200°C with an ammonia—
carbon pair. The test vessel takes the form of a 316L
stainless steel annular container for the carbon bed,
as shown in Fig. 2. Temperature conditions in the bed
are determined by three pairs of electric heaters on
the outer wall and against the inner wall. The upper
and lower pairs are guard heaters and the central
heater is used for measurement. The inner heaters are
powered by a low voitage d.c. amplifier controlled by
computer and using a PID algorithm to maintain a
set temperature. They take the form of high resistance
(7 Q@ m™") heating wire in glass fibre sleeving wrapped
on a glass tube which fits tightly into the steel vessel’s
inner tube. Electrical connection to the heating wires
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Fig. 2. Test vessel.

was via silver soldered copper wires which passed
through holes drilled in the glass tube and out through
the inside of the glass tube, which was packed with
mineral fibre insulation. Five K-type thermocouples
were mounted on the three inner heaters with only
their junctions exposed on the tube surface, the cable
being lead away in the same fashion as the power
cables. The central (measurement) temperature is
measured by a single thermocouple, whilst the tem-
perature differences between the centre heater and the
upper and lower guard heaters are measured by pairs
of back-to-back mounted thermocouples. When the
whole vessel is in a steady state, the heat loss through
the measuring annulus is the heat generated in the
inner central heater, which is calculated from the volt-
age measured across it.

The outer three heaters use identical wire and
sleeving to the inner heaters wound on a 2 mm pitch
on the outside of the vessel. The outer heaters are
powered from the 240 V a.c. supply via thyristor con-
trollers. The heater’s function is not just to control
the outside temperature, but to provide the bulk of
the energy required to raise the mass of the vessel to
the required temperature. Each heater temperature is
measured by a bare ended thermocouple fixed to the
pressure vessel wall. The temperature measurements
are made by a PID algorithm in the computer software
to maintain the desired constant level. For tests where
the temperature exceeds 90°C, a ceramic fibre insu-
lating jacket is placed around the vessel. At lower
temperatures a thin layer of ‘kaowool’ is sufficient.

In addition to the six cylindrical heaters it was found
necessary to use top and bottom end heaters, each
with a separate thyristor controller. Without the end
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plate heaters it was found that longitudinal heat losses
occurred along the cylindrical steel walls.

The temperature profile across the bed was
measured by seven stainless steel sheathed K-type
thermocouples with a diameter of 1 mm. It was found
by the use of a finite difference model that the distance
between their centres should not be less than 12 mm
to ensure that the thermocouples themselves did not
provide paths of enhanced conductance. Figure 3
shows their positions. TB4 and TB5 are positioned 1
mm from the outer and inner bed walls, respectively.
TB2, TCl1 and TC2 are all positioned half-way
between the inner and outer bed radii. TC1 and TC2
are used to check the accuracy of the thermocouple
positioning and it was found that all three ther-
mocouples agreed within a 0.5°C band. TB1 and TB3
are placed one quarter and three quarters of the way
between the inner and outer radii, respectively.

Before use the carbon must be degassed. The vessel
is heated to 200°C whilst connected to a rotary vac-
uum pump producing 0.1 torr for 24 h. A diffusion
pump is then used to complete the degassing process
with a further 24 h at 10~* torr. The carbon is stored
in an argon atmosphere when not in use, since argon
is effectively non-adsorbable. When the conductivity
of the bed is measured with ammonia it is necessary to
control the system pressure as well as the temperature.
The vessel is connected to an ammonia reservoir of
1.6 1 volume, which is immersed in a temperature-
controlled oil bath. There is sufficient ammonia in the
system to ensure that there is always liquid in the
reservoir and so the ammonia pressure is always the
saturation pressure corresponding to the temperature
in the oil bath. Since fixing both pressure and tem-
perature determines the concentration of the
ammonia in the carbon, conductivity can be measured
at any desired level of concentration.

In use it may take 48 h for the vessel to reach a
steady state. It is judged that steady state has been
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reached when the voltage to the inner heater docs not
vary by more than +0.01 V for a continuous 15 h.

The power to the inner heater is used to calculate
the bed thermal conductivity on the assumption that
there is one-dimensional radial heat transfer. An error
analysis for the temperature, position, voltage and
resistance measurements reveals that the accuracy of
the power measurement is + 2.0%, giving an accuracy
of the overall bed conductivity of +6.1%. One further
source of inaccuracy in the results must be overcome.
Longitudinal heat leakage between the middle heater
and the guard heaters might occur, due to the possi-
bility of heater thermocouples being placed on either
hot or cold spots. This problem is overcome by mak-
ing two measurements of each overall bed conduc-
tivity, with different temperature differences across the
bed but all other parameters identical. Plotting the
power against the temperature difference and extra-
polating the line to find the power for zero tem-
perature difference reveals the longitudinal heat flux
which is deducted from the total to give the radial
flux. Initial experiments with four data points revealed
the power—temperature difference relationship to be
linear, as anticipated, and only two points are needed
in practice. The longitudinal heat loss from the central
heater varied from 0.4 to 0.06 W as the temperature
of the bed ranged from 230 to 35°C. This was typically
3-7% of the power measured at the highest tem-
perature difference.

TEST PROGRAMME

Before thermal conductivity tests were carried out
a number of preliminary tests on the carbon were
needed to provide data on the porosity:

(1) The total void volume (inter particle space plus
the volume of macropores, mesopores and micro-
pores) was measured using helium pressurization of
the vessel containing the carbon. The pressure and
temperature are measured before and after the vessel is
opened to a second evacuated vessel of known volume.
The initial volume occupied by the helium is easily
calculated and can be compared with the volume of
the carbon vessel. Since helium is assumed not to be
adsorbed the total void volume is obtained. The ratio
of void volume to total volume for the bed used is
0.77.

(2) The inter granular void volume is measured by
filling all micro-, macro- and mesopores with water.
After soaking in water (which results in vigorous
expulsion of air from the grains), the outsides of the
grains are dried by blowing ambient-temperature air
over the separated grains until they are dry to the
touch. In order to check that the grains are still as
full as possible with water, the immersion and drying
process is repeated, but it is assumed that the grains
were in fact full, since no further gas is evolved from
the grains. The carbon is packed into a measuring
cylinder which is large enough to ensure that packing
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distortion at the edge is negligible. The carbon is
packed to a level marker of predetermined volume
and the mass of the beaker and contents is weighed.
Water is then added up to the level marker and the
beaker reweighed. The difference enables the inter
granular void volume i to be calculated. For the bed
used Y is 0.478.

(3) The adsorption characteristics of the carbon
ammonia pair used were measured using techniques
described by Critoph and Turner {17]. A modified
Dubinin—-Astakhov equation relates concentration x,
temperature 7 and pressure, as defined by the satu-
ration temperature T, of the gas:

xzxoexp[—K(T:—l>n}. (6)

For the 208C carbon:

xo = 0.2582
K =3984
n = 1.305.

The thermal conductivity tests were carried out in
pairs, as described above. Since the heat flux is radial,
a plot of the logarithm of radius against the tem-
perature of the five thermocouples in the bed is linear
and the slope of the line together with the power gives
the bed conductivity. Each set of data points was fitted
to a straight line with a range of standard estimates
of error of 0.1-3.0%, as illustrated by Fig. 4 and
shown in full by Table 1. A total of 19 tests are pre-
sented ; four under vacuum, six with helium, three
with argon, one with neon and five with ammonia.
The results are analysed in the following section.

ANALYSIS OF RESULTS USING THE ZEHNER-
BAUER MODEL

The results of helium tests 1 and 2 are highly sig-
nificant when using the Zehner—Bauer model to rep-
resent high pressure systems. The mean measured con-
ductivity for both is 0.664 W m~' K~' despite
conditions which minimize and maximize the mean
free path expected in an ammeonia—carbon refrigerator
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or heat pump. This implies that the neglect of the
Knudsen effect on gas conductivity is justified in this
case. This is not so with low-pressure systems such as
carbon—methanol [7] or zeolite—water [8].

The results for vacuum, helium and argon are used
to find the four unknown parameters from the
Zehner-Bauer model. This is checked against the
result for neon in order to give a degree of confidence
in the method and then, with all parameters but the
grain conductivity fixed, the ammonia results are ana-

aie agraie randa o PR P

give grain uuuuucti'v'it'y' as a function of
ammonia concentration.

A specially written MATLAB routine is used to
minimize the differences between measurements and
theory for the four parameters. More data points than
measured are required by the routine, and these are
derived by fitting three quadratic equations to the data
for vacuum, helium and argon at different tempera-
tures. It has already been established that there is no
pressure effect and the fit is very good, as seen in
Fig. 5.

The routine is used to determine best fit values for
the four unknowns, minimizing three possible func-
tions:

Tocad +n
lysca 1w

> (Aemeasured — A generated)” (7a)
n=20
Y (A,measured — i, generated)” (7b)
n=20
Y. (Jsomeasured — A, generated)*. (7¢)

n=10

These generate mean errors of 3.2%, 3.4% and 5.0%,
respectively, but are biased towards low (vacuum),
medium (argon) and high (helium) bed conductivities,
respectively. Since the gas conductivities of argon and
ammonia are similar, the parameters generated by
equation (7b) were used with the ammonia data. The
fit is illustrated in Fig. 6 and the parameters are :

B 13764
¢ 0.02959
Xr
Te—1 0.00293
4, 0.9738.

These values, when used to predict the one measure-
ment with neon, give an error of 5.6%, which is con-
sidered acceptable compared with the experimental
error.

It is useful to consider the physical significance of
the model parameters. ¢ and B define the particle
geometry. The relative solid-solid contact area ¢ is
low. This is to be expected since examination under
the microscope of a section of bed potted in resin
shows little contact.

The deformation factor B is 1.3764, which means
that the apparent shape of the particle is nearly that
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Table 1. Measured bed conductivities in vacuum, helium, neon, argon and ammonia

Mean temperature

Test no. Medium K]
1 Helium 5104
2 Helium 510.5
3 Helium 436.6
4 Helium 380.8
S Argon 381.0
6 Argon 426.5
7 Argon 481.5
8 Vacuum 470.8
9 Vacuum 420.8
10 Vacuum 370.3
11 Helium 380.8
12 Ammonia 312.1
13 Ammonia 3117
14 Ammonia 312.0
15 Ammonia 312.1
16 Ammonia 312.0
17 Vacuum 312.7
18 Neon 312.0
19 Helium 312.0
X
E
% .07
B 1,2
2
T 0s
3
k=]
<
o
(&) Test number 3
o 05
@
o
5 4
© 04 = A058 x 10° T*- 1798 x 10° T + 0.5255
5 19
300 350 400 450 500 550

Mean carbon temperature K

Fig. 5. A quadratic curve fitted to the bed conductivity in
helium vs temperature.

of a sphere. This is reasonable with the knowledge
that ¢, the inter granular void ratio, is 0.478.

The radiation term is 0.00293. It is estimated that
the emissivity of a black glassy body is about 0.8
[19]. If this is the case, then xy is 4.4 mm. This term
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SEE 74 Mean 4,

Pressure 2
[bar} [%] Wm 'K '][Wm 'K ']
30 0.29 0.660 0.664
0.13 0.667
37 0.31 0.656 0.664
0.18 0.672
1.0 0.29 0.512 0.517
0.13 0.521
1.0 0.77 0.428 0.425
0.24 0.422
1.0 1.14 0.170 0.169
0.30 0.168
1.0 0.70 0.190 0.191
0.11 0.192
1.0 0.34 0.231 0.233
0.06 0.235
0 1.26 0.106 0.108
0.06 0.109
0 2.07 0.081 0.082
0.07 0.082
0 3.30 0.065 0.065
0.43 0.065
1.0 0.77 0.442 0.439
0.31 0.436
1.56 1.94 0.165 0.163
1.23 0.160
4.24 2.83 0.168 0.165
1.60 0.162
5.79 1.52 0.172 0.171
1.47 0.170
7.00 1.08 0.171 0.173
1.41 0.174
11.30 1.05 0.191 0.187
1.20 0.186
0 1.41 0.047 0.047
3.90 0.047
1.0 0.93 0.214 0.217
1.24 0.219
1.0 0.98 0.358 0.361
1.03 0.363
x 06 ,
§ 05 Test number 3 5 ' Helium
Z ——
£ 04 e Testdata o
S - Quadratic fit to test data - -
§ 03 19 Zehner-Bauer model
Q 7
§ 0.2 5 74,,,1~§~" @ Argon
2 [ o 8 v
g 0.1 Jl,éw-m 0 e cuum
© 0.0 e -

300 320 340 360 380 400 420 440 460 480 500

Mean carbon temperature K
Fig. 6. Comparison of experimental data and model.

characterizes the effective radiation path length of the
particle packing. Again, by observation of a section,
the gap size is seen to vary from 0 to 8 mm and so the
value found is quite reasonable.

Lastly, consider the grain conductivity. Unlike the
other three parameters, this is a true property rather
than an effective characteristic. The value of A in this
case is 0.874 W m~' K~' and this compares well with
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Table 2. Bed and grain conductivities under varying ammonia concentration
Mean temperature Pressure Concentration Ay s
Test no. K] [bar] kg kg™] Wm'K' Wm'K™]
12 312.1 1.56 0.133 0.163 0.850
13 311.7 4.24 0.188 0.165 0.875
14 3120 5.79 0.207 0.171 0.963
15 312.1 7.00 0.218 0.173 0.994
16 312.0 11.30 0.245 0.187 1.250
Calculated 313.0 n.a. 0 0.863 0.863
x 18
g 0.18 16 4
= £
< 2
;E'ma Test numbers 12-16 ]
g 214
15 2
s Calculated from Zehner- . S Test numbers 12-16
Oo17f Bauer model e 3
§ 12 12 g 1.0 1 0
= ¥ ! o 14
8 016 N N N 2 ) £ Calculated from Zehner-
é 5 10 15 20 2 g 06 / Bauer model
Mass concentration % ¥ 12 '3
. P . . N 1 ¥ | b 2 ']
Fig. 7. Bed conductivity vs ammonia concentration. 5 0 15 2 -

other quoted values. Hayashi ez al. [20] derived a value
of 0.651 W m~'! K~!' for the grain conductivity of
an unnamed active carbon. Gurgel and Grenier [7]
derived a value of 0.54 W m~' K™' using the Zehner—
Bauer model for the grain conductivity of AC35, a
coal-based extruded active carbon. It is expected that
different active carbons will vary in conductivity. The
grain may be considered to consist of disordered gra-
phitic platelets with holes or pores burnt into them.
The more intact the matrix the better the conductivity,
or, conversely, the higher the porosity the lower the
conductivity.

The measurements in the presence of ammonia are
used to investigate the effect of adsorbed ammonia on
the grain conductivity, now a variable A.. Table 2
shows the test results, together with the ammonia
concentration calculated from equation (6) and the
grain conductivity calculated from the Zehner-Bauer
model. In addition, the model is used to predict the
hypothetical case of ammonia being present but not
adsorbed. This provides a zero concentration point in
Figs. 7 and 8, which show the variation of bed and
grain conductivity with concentration.

MODELLING GRAIN CONDUCTIVITY

Figure 9 shows the physical process of adsorption
by micropore filling. It shows a slit-shaped micropore
within the grain. As ammonia is adsorbed it firstly
forms a single layer of molecules over the inner surface
of the pore (monolayer adsorption). On an increase
in pressure or reduction in temperature, further layers
of adsorbed ammonia build up until eventually they

Mass concentration %

Fig. 8. Grain conductivity vs ammonia concentration.

SLIT SHAPED PORE
Fig. 9. Physical process of micropore filling.

combine to form a meniscus at the narrowest cross-
section of the pore.

When considering a whole grain, heat may be trans-
ferred by two mechanisms only. Firstly there is con-
duction along solid paths uninterrupted by pores. Sec-
ondly there is conduction through the grain and
empty, partially filled or completely filled pores. When
the micropore is empty, it can be assumed that its
conductivity is negligible compared to that of the grain
material. This is because the micropores are so small
(2-50 nm) that the radiation conductivity is of the
order 107° W m~' K~! and gas conduction is domi-
nated by the Knudsen effect. This means that when
the pore is empty heat transfer is only by the first
mechanism.

When the pores are full, heat transfer is by both
mechanisms and can be modelled by the unit cell pro-
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posed in Fig. 10. The conductivity of the grain is found

from the overall resistance of the network :
/{g}“ad ( - A)z

/{ad(l —lﬁg _A) +'pg;'g -

In the case of zero concentration the equation reduces

to:

de = A A+ (8)

Aoes o = AgA. 9)

The adsorbate conductivity and density can be
assumed to be that of the liquid phase [18], the
micropore volume ratio , is known and overall grain
conductivity A, has been measured for a maximum
concentration (micropores full) and calculated for
zero concentration. Solving these equations gives a
value of 0.333 for 4 and 2.59 W m~' K~' for 4,. To
confirm the value of the thermal conductivity of the
grain solid material would require further tests with
other adsorbates to give a good range of values of
overall grain conductivity. However Gurgel and
Grenier [7] obtained a value of 1.06 W m~' K~' for
the AC-35 methanol pair and so the value for 208C
is not unreasonable given that it is not an extruded
carbon.

Figure 7 shows that the overall grain conductivity
can be represented as two intersecting straight lines.
This reflects the fact that micropore filling takes place
in two stages. Firstly, the layers of adsorbent build up
on the inner walls of the pore. This does not affect the
thermal conductivity of the grain, since there is still
an insulating gap in the centre of the pore. This stage
is represented by the horizontal line.

The second phase of pore filling is the joining to-
gether of the adsorbed phase layers to form menisci
in the throats of the pores. This is accompanied by a
rise in the grain conductivity due to the establishment
of a continuous path for heat transfer. This is repre-
sented by the sloping line. Quantitatively the results
are represented by :

As = 0.8625 0<x<0.1973

Ax = 0.07866x—0.6885 0.1973 < x < 0.2582. (10)

Test 16 indicates a particularly high, possibly anom-
olous, grain conductivity. Natural convection effects
at the high pressure are excluded because the log-
arithmic radial temperature distribution typical of
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conduction is maintained. The temperature dis-
tribution also negates the possibility of large vari-
ations in conductivity within the bed, but it is possible
that very close to saturation there are other factors
which might enhance the conductivity.

It is difficult to present a model which would be true
for any activated carbon. Gurgel and Grenier [7] do
not observe the two phases of pore filling when using
AC35. They observe a linear increase in A, over the
whole concentration range. Sahnoune and Grenier [§]
do observe the two phases with zeolite NaX and water.
[t is suggested that A,. reflects the uniformity of pore
size. If there is a wide pore size distribution, as for
AC35, then some pores will become full at nearly all
concentrations and contribute to a change in con-
ductivity. When the pore sizes fall within a narrow
band, the point of sudden increase in the conductivity
is very definite. This is suggested as the mechanism
present in the case of carbon 208C.

Since A. is so dependent on the pore size distri-
bution, then without detailed knowledge of the indi-
vidual carbon it is impossible to present a general
model for the grain. It would not be unreasonable
however to use an average value for the bed con-
ductivity over the whole concentration range. The
mean value for 4, is 0.1725 W m~' K~ and this gives
the conductivity of the packed granular bed including
the adsorbed phase with an accuracy of +7.1%.
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