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ABSTRACT

Two types of cryosorption pumps with pumping speeds for air of

60 liters/sec (1.5 kg Zeolite 5A, 1/16" pellets) and 165 liters/sec

(4.5 kg Zeolite 5A, 1/16" pellets) have been constructed in our

laboratory. A 10 liter vacuum system, evacuated by two cryosorption

pumps (1.5 kg Zeolite each) was used to establish the optimum

activation conditions. The final pressures and the residual gas

compositions for various activation conditions are discussed. Our

results demonstrate that final pressures in the 10 Torr range con

be attained (after a one-stage pre-evacuation from 760 to approx 1 Torr

by means of another cryosorption pump) if

(a) the chilled pump is saturated with air prior to

the activation process,

(b) the vacuum system is rinsed effectively by the gas

desorbed during the activation process, and

(c) activation temperatures < 150 C are applied.
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INTRODUCTION

Vacuum pumps are commonly classified by their final pressure and

their pumping speed for various gases. In the case of cryosorption

pumps the situation is more complicated because the adsorption

capacity has to be considered as a further parameter. This means

that the final pressure increases gradually after a certain amount

of gas being pumped, and the pump must therefore be reactivated

from time to time.

Most of the adsorption isotherms required for estimation of the final

pressure of cryosorption pumps at 77 K are summarized by Stern et al.
2

and in a previous publication . Final pressure calculations based on

the adsorption capacities for atmospheric gases have been done since
3

the early days of cryosorption pumping . This method does, however,

not account for several effects which take place under actual operation
2 4

conditions. Such effects were recently observed in our laboratory '

and have been sbudied in some detail. Final pressures of 10 Torr :

were attained with a cryosorption pump (4.5 kg Zeolite 5A, 1/16'' pellets

adsorbent temperature 77 K) with a one stage pre-evacuation by means of

another cryosorption pump of similar size. These final pressures are at

least one order of magnitude lower than the pressure calculated from

the adsorption isotherms for atmospheric air.

In this work we present new experimental results and we discuss in

detail the effects responsible for the final pressure of cryosorption

pumps operated from 760 Torr to high vacuum.

DESCRIPTION OF THE PUMP

Fig. 1 shows the schematic view of the pump as developed in our
4

laboratory . The pump body consists of 40 copper discs of 170 mm

diameter; spaced at 4.5 mm. The spacings are filled with 1.5 kg of

Union Carbide Zeolite 5A (1/16" pellets). The pump body is mounted

onto the cooling tube which can be filled with liquified N_. The top

section of the pump carries a liquified gas container inside the

vacuum (volume 5 liters). A pumping flange of 63 mm I.D. is situated

on the side of the pump. The mean conductance from the adsorbent to the

flange is approx 125 liters/sec (N„-equiv.). Heat reflecting shields

are placed inside the pump so as to minimize the heat transfer from

the walls to the adsorbent. The pump can be activated by an electrical

heater inside the cooling tube. The activation temperature can be set

between 25 and 350°C.

Pumping Speed

Criteria for the measurement of the pumping speed of cryosorption pumps
n r fi O

have been discussed by several authors ' ' . In a previous publication

we have described pumping speed measurements with a pump of similar

design to that of Fig. 1, but with a filling of 4.5 kg Zeolite 5A and

a 100 mm I.D. pumping flange. Tab. I shows the pumping speeds of the

1.5 kg pump for various gases at 10 Torr, for comparison the values for

the 4.5 kg pump are given also. From the data given in Tab. I it can

be seen that even the small pump can be used in the high vacuum as a

high-throughput-pump.

Final Pressure

It is known that very low final pressures can be attained if the pump

is activated in high vacuum (e.g. produced by a diffusion pump) at

elevated temperatures and them chilled to LN„ temperature. In this

work, however, we consider only the usual method of activation by

means of another cryosorption pump of similar size.

Consider a vacuum system which is filled with'atmospheric air (assumed
-2 -3

composition: p.. Q = 760 Torr, p = 1.4„x 10 Torr, p„ = 3.8 x 10

Torr, p.. = 4 x 10 Torr) connected to two cryosorption pumps chilled
2

with LN„. Normally the vacuum system is evacuated by means of the first

cryosorption pump to about l Torr, after which the pump is valved off.

The vacuum system is then connected to the second (chilled) pump. In
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this way most of the gas is removed from the vacuum system and, further-H

more, the weakly sorbable gases He and Ne are prevented from diffusing

back into the vacuum system. By this method of activation final pressures']
-3 -5

of 10 to 10 Torr are attainable for small vacuum systems.

To attain even lower final pressures the weakly sorbable gases have to

be removed from the system more effectively. For this reason is has been,;

proposed to rinse the system with pure nitrogen. The rinsing effect of

the gas evolved from the pump during activation can be used for the

same purpose.

In the following we describe a number of experiments which were performed

investigate the processes which are of significance for attainment of lov

final pressures.

were admitted the gas inlet valve was kept closed during the following

warm-up-phase: Only a small amount of gas escaped via the security

valve. In the250, liters case (which means saturation of the pump at

77 K) the gas inlet valve was kept open during the warm-up-phase to

permit effective rinsing of the vacuum system by the gas desorbing

from the pump during warm-up. The following activation was performed

at room temperature (in this case the pump was now evacuated by CSP 1

to activation pressure) or at between 150 and 300 C (in these cases the

pump was first heated to the activation temperature and then evacuated

to the activation pressure). Now CSP 1 was valved off and CSP 2 was

chilled. The resulting pressure vs. time and the corresponding

residual gas composition were plotted on a recorder. When the final

pressure reached a constant value a certain amount of air was admitted

to CSP 2 and the next experiment was started.

EXPERIMENTAL TECHNIQUES RESULTS

Fig. 2 shows the apparatus and describes the symbols. CSP 1 is the

cryosorption pump used for pre-evacuation, CSP 2 is the pump to be

investigated. The rotary pump RP can also be used as forepump. The

volume V (10 liters) contains a Pirani gauge (PG), an ionization gauge

(IG), and a Quadrupole residual gas.analyser (QRGA). A small vacuum

system incorporating a diffusion pump (DP), a Pirani gauge (PG), an

ionization gquge (IG), and a Topatron residual gas analyser (TRGA)

can be connected to volume V via a variable leak valve (VLV). This

diffusion pump system is used to measure the residual gas composition
-4

in V for pressures > 10 Torr. For the evaluation of the residual

gas spectra the computer programm SGAP is used.

After the cryosorption pumps were filled with the adsorbent, both were

heated to 350 C and evacuated by means of RP via a LN_ trap for 20 h

at 1 Torr to remove the water vapour from the adsorbent. After,this

procedure the experiments were started. CSP 2 was chilled with LN„

(CSP 1 valved off). After approx 1 hour 30 or 250 liters of atmospheric

air were admitted to CSP 2 via the gas inlet valve GIV 2. When 30 liters

Final pressure vs. quantity of gas admitted prior to activation;

Tab. II shows the final pressures attained and the residual gas

compositions found in volume V (10 h after chilling CSP 2). Experimental

conditions: 30 or 250 liters gas admitted before activation, activa-

tion temperature 150 C, activation p'ressure 1 Torr. From Tab. II it

can be seen that a large quantity of gas admitted to a chilled pump

before activation results in lower final pressures and a much lower

content of He and Ne. This shows the important role of the rinsing

effect during warm-up of the pump which is explained as follows: The

weakly adsorbed gases He and Ne which desorb during the warm-up

phase already at low temperatures are pushed away by those gases which

desorb later (e.g. N_). This rinsing effect is the more effective

the more gas is evolved during the warm-up phase of the pumps.

Final pressure vs. activation temperature;

CSP 2 was activated in a similar way (admitted gas quantity 250 liters,

activation pressure 1 Torr), but now activation temperatures between

25'and 300°C'were used. Tab. Ill shows the importance of using

activation'temperatures far below 300 C. If higher temperatures are
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used a large amount of H« is generated due to reactions in the hot

pump. Evidently, most of this H~ is removed together with the other '!

gases during pre-evacuation, but it still dominates the final pressui]

due to its weak adsorption onto the Zeolite. }
i

Final pressure vs. activation pressure; ;

A similar activation procedure was applied (admitted gas quantity

30 liters, activation temperature 150 C), but now the activation
_o

pressure was chosen between 10 and 10 Torr. Tab. IV gives the

results of these experiments. It is shown that the residual gas

composition and the final pressure are highly dependent on the

activation pressure. The optimum pressure for our vacuum system

is approx l Torr. For a better understanding of this phenomenon the

He and Ne partial pressures in V were recorded during the pre-evacua-;

tion by means of CSP 1. The result is given in Fig. 3. As can be

seen the optimum pressure is between 1 and 0.2 Torr.

Einal pressure obtained by using a rotary j3ump instead of CSP 1 :

for pre-evacuation;

Several experiments were performed in which RP was used for activa-

tion (admitted gas quantity 250 liters, activation pressure 0.1 and

l Torr, activation temperature 25 to 300 C). Tab. V shows the final

pressures and the residual gas composition for these experiments.

Nearly the same final pressures were attained (e.g. 1.6 x 10 Torr

for the 150 C experiment) as for the experiment listed in Tab. Ill

(pre-evacuation by a cryosorption pump), but the residual gas composi-

tion is seen to be quite different; The He and Ne partial pressures
o

are far below 10 Torr and H„0 and H,., dominate. The high H^-content

in the 300 C experiment is due to reactions in the hot pump during

activation (cf. Tab. III).

Final pressure vs. temperature of the adsorbent^

After the 150 C experiment of Tab. Ill (admitted gas quantity 250 .

liter, activation pressure 1 Torr, final pressure 1.8 x 10 Torr)

the adsorbent temperature was set to 63 K (solid N„) and to 90°K

(liquid 0„).The final pressures and their residual gas compositions

are shown in Tab. VT. T+ o«n k« o~~- AU_X XL- -i _ _ - •

adsorbent temperature between 63 and 90 K is only of a minor influence

on the final pressure if the residual gas consists mainly of He and Ne.

CONCLUSION

-7
(1) Final pressures in the low 10 Torr-range can be attained with

cryosorption pumps after a one-stage pre-evocuation from atmosphere

to approx l Torr, if the vacuum system is rinsed effectively by

the gas desorbed during activation.

(2) Activation temperatures <150°C have to be applied if a low partial

pressure of \\^ is required.

(3) To remove He and Ne from the system a large amount of atmospheric air

should be admitted to a chilled pump before activation.

(4) An activation pressure between 0.2 and 1 Torr was found to be the

best condition for the system investigated.

(5) Pre-evacuation by means of a rotary pump or of a cryosorption pump

yields about the same final pressure.
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TABLE I. Pumping speeds of the 1.5 kg and the 4.5 kg cryosorption

pump at 10" Torr for HZ/ CH^, H20, N2/ CO, 0^ CO,.,, Ar, and Kr.

Adsorbent temperature 77 K.

1.5

4.5

H2 CH4 H?0 N2 CO 02 C02 Ar Kr

kg pump 135 82 160 60 64 52 107 47 43

kg pump 360 220 450 165 165 140 290 140 120

TABLE II. Final pressure and residual gas composition of the 1.5 kg pump

obtained with a one stage preevacuation (l Torr, 150 C) by means of

another cryosorption pump. Gas quantity admitted Lo the cold pump be-

fore activation: 30 and 250 liters.

Admitted gas

quantity (liters)

Final pressure

(Torr Np-equiv.)

Residual gas composition
-8(in units of 10 Torr)

He HrtO Ne CO,

30

250

4.8 x 10

1.8 x 10

-6

-7 28

2300

5.3 2.2.

398

2.2 1.2

TABLE III. Final pressure and residual gas composition of the 1.5 kg pump

obtained with a one stage pre-cvacuation by means of another cryosorption

pump (admitted gas quantity 250 liters, activation pressure 1 Torr).

Activation temperature: 25, 150, and 300 C.

Activation

temperature ( C)

25

150

300

Final pressure

(Torr N«-equiv.)

2.1 x 10~7

1.8 x 10~7

1.7 x 10~5

Residual gas composition
0

(in units of 10 Torr)
H0 He H00 Ne C002 2 2

8.8 39 9.4 7.7

28 • 5.3 2.2 2.2 1.2

3580' 146 44 29
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TABLE IV. Final

obtained with a

pump (admitted

Pre-evacuation

Pre-evacuation

pressure (Torr)

10

1

0.1

0.01

pressure and residual gas

one stage pre-evacuation

gas quantity

composition of the

by means of another

30 liters, activation temperature

and activation pressure: 1

Final

(Torr

1.4

4.8

6.4

3.2

pressure

N^-equiv. )

-5
x 10
. -6

x 10

x 10"5

x 10~4

0, 1, 0.1, 0.01 Torr

Residual gas

(in

H9 He
-̂

20

23

182

754

units of

H90^

-

-

1

1 .5 kg pump

cryosorptiotV

150°C). |

TABLE VI. Final pressure and , residual

pump (admitted gas

activation pressure

• i•_ _;j

composition |

10~6 Torr) j

Ne C00
£. i

temperature ( K)

•

63

k 77
44

4

34

777

< 90_______ _____

\

\

quantity

1 Torr)

F i nrt 1

(Torr

4.1 x

1.8 x

2.5 x

250 liters

. Adsorbent

DTP'S <?!! T*6

-8
10
-7

10
-7

10

gas composition of the

, activation temperature

.0 kg
n

150 C,
n

temperature: 63, 77, and 90"K.

Residual qas

(in units of

H2 He .H20

2.6 4.3 2.1

28 5.3 2.2

25 4.6 2.0

cotuposx'tJLOn

10~8 Torr)

Ne C09

1

?

?

.3 . -

.2 1.2

.0 7.5

TABLE V. Final pressure and residual gas composition of the 1.5 kg pump ol

tained with a one stage pre-evacuation by means of a rotary pump (admittecj

quantity 250 liters, activation pressure 0.1 or 1 Torr, activation

temperature 25, 150, and 300°C).

Activation pressure (Torr) Final pressure

Activation temperature ( C) (Torr Nx-equiv.)

Residual gas compositior$

(in units of 10 Torr) |

1

1

1

0

r\

Torr, 25 C

Torr, 150°C

Torr, 300°C

.1 Torr, 150°C

1

1

3

3

.9

.6

.2

.0

x

x

X

X

1
1
1
1

-7
0

o-7

o-6

o"7

H2

9.5

1.78

630

12

He H20

0.42 13

17

36

27 .

Ne

2.3

0.19

*.

-

CO

1.

0.
_

-

2

5

i:
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FIGURE CAPTIONS

Fig. 1 Schematic view of the 1.5 kg cryosorption pump

Fig. 2 Apparatus used for the investigation of final pressures oblainedpj

with cryosorption pumps. CSP 1 Cryosorption pump used for

pre-evacuation, RP Rotary pump, CSP 2 Cryosorption pump to be

investigated, GIV Gas inlet valves, VLV Variable leak valve,

IG Ionization gauge, PG Pirani gauge, QRGA and TRGA-Quadrupole

and Topatron residual gas analyzer, DP Diffusion pump

Fig. 3 He and Ne partial pressures vs the total pressure obtained in

volume V during pre-evacuation by means of CSP 1.

Security valve

Pump flange
63 mm i. d. \

Heat
ref lect ion
shields

Liquified gas
container

Pump body

Fig. 1
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