


Absorption pumping is a technical usage of high adsorptivity of some materi-
als such as activated charcoal, silica gel et . It looks like attractive for experimenial
situation when it is desirable to avoid injurious effects of conventional pumps 2%
Nevertheless, to date adsorption pumps have not been widely spread in cryogenic
technique because of their low realized capacity. The reason is the following,

A scheme of adsorption pumping-out suggests two different regimes: isothermal
adsorption under temperature Ty and adsorbent regeneration stage under tempera-
ture Ty, In order to get a suitable "efficiency” of a puinp, one tries to enlarge the
amount of gas adsorbed during the cycle by increasing both the total mass of ad-
sorbent and the difference Ty — T, which, together with the traditional method of
adsorbent healing, increase the necessary time of the operating cycle.

The aim of the present paper is to discuss another approach to the problem
based on a new design idea. The approach will be preliminarily formulated, and then
a scheme of an "adsorption unit” will be described. To generalize the description, the
thermodynamic consideration is to be done. Numerical examples will demonstrate
that the obtained analytical expressions can be used as working formulas for caleu-
lating the parameters of a continuous adsorption pump.

Design concept

The continuous adsorption pump (CAP) is suggested to operate with respect
to a closed cycle which consists of two isotherms Ty and T, and two isosteres. The
working region of each isotherm is that of a maximum slope, the difference T, — 11
being as small as possible. A relatively small amount of adsorbent can be heated by
the method excluding the possibility of direct influence on the coolant so that there
is no necessity of complete removal of the latter. Realization of CAP permits one to
obtain fast-acting pumping-out facilities.

Adsorption unit

Let adsorbent 1 (Figure 1) be glued on an outer surface of a metallic vessel filled
with coolant 2. A hermetic volume A is equipped with inlet 3 and outlet 4 valves.
The clectromagnetic field, excited inside A, has a maximum of electrical component
on the spot of adsorbent 1. The operating closed cycle (Figure £) consists of two
isotherms 1-2, 3-4 and two isosteres 2-3, 4-1. Point | characterizes the adsorbent
state of the lowest pressure and the least amount of adsorbed gas. If valve 4 is closed
and 3 is opened, the gas comes from the evacuating volume, the state of the adsor-
bent being changed along the isotherm 1-2. At the point 2 the valve is closed and
the clectromagnetic field excited in A (Figure [) heats the adsorbent. At the end



of stroke 2-3 the adsorbent is transitted to state 3, the point belonging to the other
isotherm. During stroke 3-4 valve 4 1s opened and the desorbed gas is evacuated by an
outer pump. At point 4 the electromagnetic heating is off and both valves are closed,
the state of the adsorbent being changed along 4-1. What is above called CADP is a
combination of four units with different strokes carried out at the same time.

The nitrogen adsorption isotherms for charcoal presented in Figure 2 are calcu-
lated on the basis of the appropriate theory confirmed by experimental data !

Calculations

Let the adsorbent he spread homogeneously cnough over surface 1 so that its
mass per unit square m and the depth of layer [ are assumed to be constant. Below
the other parameters of the adsorbent such as heatl conductivity A and specific heat
capacity c are suggested to be known.

The total heat flow W{t) to the adsorbent changes its temperature T and partly
transits to the coolant at the temperature T;, thence the heat balance equation s given
by

Tme+ (T = M = W(), (0

where W{(t) = W, + W,, i.e. it consists of two parts connected with the clectromag-
netic heating of the adsorbent and the heat of adsorption, respectively.

The specific heat of adsorption ¢ is usually calculated with the help of the
Clapeyron-Clausius equation

a4 dP
=T(v —v)— ' 2
g="T( TR {2)
where v”, v’ are the molar volumes occupied by the molecules of the gas and adsorbed
phases, respectively; the derivative of pressure [ with respect to the temperature 7
being calculated along the phase equilibrium curve. In the case under consideration
v" >> v and by changing the variables Eq.(2) is transformed to a formula for caleu-

lations given by
u OV oV .
o= (), o), 8

Numerical values of the partial derivatives of an adsorbant’s volume V(P,T')
can be found out from the family of adsorption isotherms, the latter being gencral
experimental information satisfactorily described by the theory.

For Wa one can write down the following

W, = Qﬂ = q:rnd -+ q"rrm, (4)



where a is the number of moles of the adsorbant per mass unit of the adsorbent
(sec Figure 2). As can be shown, ¢ = 0 for the isotherms presented in Figure 2. For
steady sothermal process 3-1 14 is casy to obtain from Eq.{1)

T =T = (W) — quma/t)/A _ (5)

and the same for 1-2

T =T = (qumaft )] A, {6)
where £, 1s the time of the stiroke and ¢, ¢ are calculated fromn Eq.(3) for the cor-
responding isotherm. The equation for the 2-3 aud 4-1 strokes is nonlinear in the
general case. But when g{1') is a continuous function inside the region under consid-
cration, there is the opportunity to simplify the task. The approximate equation is
given by

Tme + )+ T+ 8) = Wi + T/ (7
where
a = ma{q /11 + g2/ T2 and 4 = malq. /1y — q /T,
' At last the solution of Bq.(7) is expressed as
N Wy, + T.A/I
YR

where 8 = (e + o) /(A/L 4 ) and Ty is the temperature of the adsorbent at the
beginning of the stroke.

,

(1 o F—i’/U) + '“_)(‘_t/ﬂ, (S)

umerical exa
N rical examples

For numerical calculations the used reference data are the following

(W oaem P K71y 0.03 g (J mol™") 7 060
AW em™ K™Y 0.28 gz (J mol™") 14 500
e(Jg 'K 0.14 g g cm™) 0.5

Two limiting quantities A, and A, are used to take into acconnt diflerent quali-
ties of a heal contact between the adsorbent and the covlant. According to this, the
results of the nummerical calculations are divided nto two groups: the first cight lines
of Tuble present the data oblained with A and the lower cight ones are tor the data
with A,. Instde every gronp four upper and four lower lines show the results obtained
with . =0.25g cin~* -2

and m =0.5g can ™2 respectively, The specifie adsorption heats



for two isotherms are figured by the above-mentioned method; pis a bulk density of
charcoal.

The calculation procedure and results are commented stroke by stroke below.

1-2. Tsothermic adsorption. From Eq.6 it is possible to estimate W, and then
the knowledge of (), = qmae makes it possible to caleulate £, The ineguality #; > 0
satisfics the condition of the steady process. The molar flow from the evacuation
volume ts shown in the 7-th colunin, the total square of the adsorbent spread being
supposed to be of 100en?. The value of 4, is 1aken as a constant lor all the following
strokes.

2.3, Isosteric transit. The only purpose of the stroke is to overheat the adsor-
bent up to the temperature T, Substitution of Ty, #, fand £, in g8 alfords the
opportunily to caleulate Wy, '

3-4. Isothermal desorption. T'he feasibility of the stroke is connected with the
capacity of an outer pump that is shown in the 7-th column of Table, W is calculated
from Ii.5.

4-1. lIsosteric transit. The corresponding substitutions in Eq.d allow one to
check np that the final temperature of the adsorbeut s approximately 7.

The CAP, consisting of four identical adsorption units, will have the molar low
of value which is shown in the 7-th column, in the lines for {1-2)-strokes. The outer
pump has to provide the molar flow of the same value daring the {3-4)-strokes, but
the necessary pumping speed becomes k Limes as low as in the case of the absence of
CAP. As one can judge [rom Figure 2, the corupression factor & > 10

Increasing m or decreasing A apparently leads to the increasing ¢ and, conse-
quently, to lowering the pump capacity. The molar flow as large as 0.095mol 57!
can be reached when a very good thermal contact (A =0.28W cm™' K') between
the coolant and the thin layer of the adsorbent (m ={025g em™?) is used, but that
requires an cleciromagnetic wave generator with an average oulpul power of about
6kW. The latter can be lowered yet if a thermal contact between the coolant and
the adsorbent is changeable. One can see it casily when the contact is ofl during
the {2-3) and (3-4)-strokes, the necessary heater power is only equal to W, < Wy /2.
The changeable thermal contact, of course, will complicate the adsorption unit, but
the complication is the cost of obtaining a CAP of a very high pump capacity with
modest coolant consumption and heater power.

The CAP designed Tor helinm or other gases of interest in cryogenics will have

the same pump capacity al proper lemperature and pressure 2.

Conclusion

The working parameters of the continuous adsorption pump - CAP - can be
calenlated on the basis of the family of adsorption isotherms. Fhe pump capacity of
the CAP proves to be comparable to that of Root’s pumps, which makes it possible
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Figure 1. Schematic diagram of adsorption unit.
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Figure 2. Family of adsorption isotherms.



Lo use CAP ju cryogenic technique. In particular, it is applicable to pumping out the
vapour of cryogenic liquids in He evaporation and *lle / ‘e dilution refrigerators
inclusive *%,
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