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Pumping speed measurements have been obtained for a number of gaseous

hydrocarbons including members of the alkene, alkadiene, and cycloalkane

groups as a function of temperature using a Zr-Al alloy getter. Pumping

speeds were obtained by analysis of an exponential least squares fit to

the pressure decay curve following introduction of each gas. It was

found that these pumping speeds are relatively high (up to 400 1/s) and

exhibit, with only a few exceptions, little temperature dependence. This

is in contrast to the earlier reported results for the alkane series.
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I. INTRODUCTION

The high pumping speeds for many common gases combined with a small physi-

cal size has made Zr-Al non-evaporable getter pumps useful in a wide

variety of vacuum applications. Their high hydrogenic pumping speed and

the unusual ability to recover the pumped hydrogen by thermal desorption

has made them a popular choice for a number of fusion devices including

TFTR,1 PDX,2 ISX-B,3 and JT-60.1* Hydrocarbons are common impurities in

such devices and must be removed to provide the clean environment necessary

for successful operation.

We previously considered the dissociative pumping of hydrocarbons by Zr-Al

resulting from the thermal cracking of molecular chemical bonds on the

getter surface, a process responsible for the temperature dependence of

the pumping speed. The results for the gaseous members of the alkane

series (CnH2n+2) were published previously.
5 In this paper we extend this

investigation to other hydrocarbons including members of the alkene group;

ethylene, 0 2 ^ ; propylene, C3H6; 1-butene, C^UQ; its isomer-isobutylene; a

member of the alkadiene group; 1-3 butadiene, C^Hg; one of the cycloalka-

nes; cyclopropane, (0112)3; plus one of the alkane isomers; isobutane,

C^Hio* The measurements were carried out over a temperature range between

85 and 645°C. The experimental apparatus and procedures are described in

Sect. II. The results are presented and discussed in Sect. Ill with a

summary following in Sect. IV.

II. EXPERIMENTAL APPARATUS AND PROCEDURES

All of the measurements were carried out using a standard Zr-Al pumping

element, S.A.E.S. Model Stl01-WP1250.6 The pumping module was mounted in

the apparatus shown schematically in Fig. 1. The measurement procedure

has been previously described and will only be briefly discussed here.5

Prior to the measurements the entire vacuum system, including the gas

manifold, was baked to 200°C for a time sufficient to provide a base



pressure in the low 10~9 Torr range. The getter element was then acti-

vated by resistive heating to 650°C for 30 min. Chrome1-Alumel thermo-

couples, spot welded to various points on the getter element, were used to

average the 10—15% variation in temperature over the getter surface.

Just prior to each measurement the getter element temperature was again

raised to diffuse any accumulated impurities into the bulk of the alloy to

provide a uniformly clean surface for each pumping speed measurement.

Following temperature stabilization of the getter the chamber was isolated

from the main pumping system providing a static pressure environment of

known volume. Gas of Instrument Purity Grade or higher (99.5% minimum)

obtained from Matheson Gas Products7 was introduced via a piezoelectric

valve in a short burst of 20-30 ms. Immediately following introduction of

gas the chamber pressure typically rose to the 10~5 —10"** Torr range.

After this initial increase the fall in pressure due to getter pumping

was monitored by measuring the ion collector current from a Bayard-

Alpert type ion gauge using a fast operational amplifier and a transient

recorder. Five hundred data points were recorded spaced by the computer

system clock to cover 5—6 vacuum system time constants to ensure that the

data were collected well into the tail of the pressure decay curve.

Subsequently, these data were fitted by a simple exponential least squares

procedure from which the pumping speed was extracted. The model presented

in Ref. 5 predicts a slight deviation from a simple exponential due to

temperature dependence of the molecular velocity, but for the purpose of

this experiment a single exponential is adequate.

III. RESULTS AND DISCUSSION

A typical set of measurements is presented in Fig. 2 which shows the raw

data for isobutane along with the exponential least squares fit to these

data. The experimental errors associated with the measurements are esti-

mated at 10-20%. For comparison the earlier results for the alkane series

are presented in Fig. 3. Isobutane is a "pseudo" member of this group as

it is an isomeric form of n-butane and may be expected to exhibit generally

similar properties.



Analyzed data for all of the hydrocarbons studied are presented in Fig. 4.

The solid lines representing the least squares fits are shown only over

the temperature range at which data were obtained for each of the gases.

The pumping speeds are seen to fall into three general groups exhibiting

widely different values of speeds and temperature dependencies. The gases

for which the Zr-Al pumping speeds are the highest and which exhibit the

least temperature dependence are those from the alkene group; ethylene,

propylene, and 1-butene and the single isomer from this group, isobuty-

lene. The one gas from the alkadiene group also exhibits similar proper-

ties. Contrasting properties, i.e. low speeds and a large temperature

dependence is noted for the single isomer from the alkane group, isobu-

tane. Cyclopropane, a member of the cycloalkanes, exhibits properties

intermediate to these two groups.

The high pumping speeds for the alkenes and alkadienes as well as for the

common active gases (H2, % , O2, H2O, CO, CO2) relative to that for the

alkanes suggest that Zr-Al alloy pumps could be used to selectively pump

gases of the former groups from the alkane hydrocarbons thus increasing

their purity. This would be especially pronounced at the lower tempera-

tures where the pumping speed differential is greatest.

A. The isoalkanes

The characteristics of isobutane are generally similar to those reported

earlier for n-butane, a member of the alkane series. As can be seen by

comparing Figs. 2 and 3, at high temperatures the pumping speeds are the

same, but at low temperatures the speed for n-butane exceeds that for iso-

butane by a factor of three. This similarity is not too surprising as the

two molecules have the same composition and might be expected to exhibit

similar bonding characteristics leading to similar dissociative pumping

characteristics. They are related by isomerism in which two compounds

possess identical compositions (in this case, C^Hio) but a somewhat

different structure, n-butane is a chain molecule whereas isobutane has

two methyl radicals branched from one of the remaining carbon atoms.

However, in both cases all of the valences are saturated and all bonds in

the molecules are sigma bonds. The resulting low chemical activity

exhibited by these molecules is manifested in their low pumping speeds by

Zr-Al except at the higher temperatures.



B. The alkenes and alkadienes

The alkene group, also consisting of only carbon and hydrogen, is

characterized by having two carbon atoms linked together with a double

bond and, therefore, two carbon atoms are "unsaturated" with respect to

their normal valence capabilities. Each double bond consists of one sigma

bond and one pi bond. The alkadiene group is similar, but has two double

bonds linking the carbon atoms. Although the bond energy of the carbon-

carbon double bond is higher than that of the carbon-carbon single bond

(146 vs 83 kcal) the two electrons comprising the pi bond are not as

tightly bound and are more readily available for additive chemical reac-

tions. Thus the alkenes and alkadienes are much more chemically reactive

than are the alkanes and exhibit the characteristically higher pumping

speeds and lower temperature dependencies.

C. The cycloalkanes

These hydrocarbons are compounds in which the carbon atoms are arranged in

a ring form, as opposed to the other group's chain-like structure. The

simplest of these is a compound with three carbon atoms, cyclopropane,

the results for which are reported here. This group is isomeric with

the unsaturated hydrocarbons with one double bond. Their stability lies

between that of the alkane and alkene groups. As seen in Fig. 4, cyclo-

propane exhibits pumping speed and temperature dependence characteristics

lying between the other two groups.

D. The alkynes

This hydrocarbon group, although not as common as the others, is of

interest as their members contain a single carbon-carbon triple bond

consisting of one sigraa bond and two pi bonds. The bond energy is high

(196 kcal) but two of the three electron pairs, being less tightly bound,

are more available for chemical activity with the result that these

hydrocarbons are very reactive chemically. Acetylene (C2H2) is the most

common member of this group. Although not included in this investigation

this gas would be expected to be pumped by Zr-Al with an even greater

s peed.



IV. SUMMARY

Pumping speeds for the hydrocarbons ethylene (C2HJ4), propylene (C3H6),

1-butf.iie (CitHs), isobutylene (Ci^), 1-3 butadiene (C4H6), cyclopropane

((0112)3), an<* isobutane (C^H^o) have been measured for Zr-Al alloy pumps

over a range of temperatures from 85 to 645°C. The pumping speeds for the

alkenes and alkadienes are much higher than that of the alkanes including

the isoalkanes and they exhibit much less temperature dependence. The

cycloalkanes have characteristics which lie between those of the other

two groups.
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FIGURE CAPTIONS

1. Schematic diagram of the experimental apparatus.

2. Measured pumping speed for isobutane as a function of temperature.

The solid line is an exponential least squares fit to the data

points.

3. Pumping speeds for the alkanes as a function of temperature as

reported in Ref. 5.

4. Measured pumping speeds for the gaseous hydrocarbons as a function of

temperature. The solid lines represent the exponential least squares

fit to the data over the temperature range studied for each gas.


