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An inexpensive pneumatic solvent pump for high-pressure liquid 
chromatography 

A pump to deliver a pulseless flow of solvent at a pressure of 2-3,000 ps.i. was 
needed for high-resolution liquid clxomatograpl~y. The advantages and disadvantages 
of commercially available solvent pumps have been discussed by HENRU~ ; as suitable 
pumps are expensive, a pneumatic pump was designed ancl built in the laboratory. 

A serious defect of simple pneumatic pumps is that the actuating gas dissolves 
in the solvent under pressure and is releasecl as the pressure decreases along the column. 
BONNELYCKIP reviewed methocls of preventing this and clescribecl a pump in which 
the gas was separated from the solvent by a metal bellows, which he had used at 
pressures up to 200 psi., For solvent pressures above the normal gas cylinder pressure, 
however, pressure amplification is necessary and this is most easily achieved in a 
piston pump. The pump to be described incorporates two pistons, one under gas 
pressure ancl the other exerting pressure on the solvent, which are rigidly connectecl 
but separated by a region at atmospheric pressure. The possibility of leakage of gas 
into the solvent therefore decreases as the pressure increases. 

Dascrij5tiola 

Fig. I is a sectional drawing of the pump. It consists of a brass cylinder, I, 3& in. 
(S2.5 mm) O.D. ancl 23 in. (63.5 mm) I.D., ancl cylincler head 2. The piston assembly 
comprises the gas piston 3 sealecl by the chevron packing 4*, the connecting rod 5 and 
the solvent piston 6. The solvent cylincler is a grouncl brass or stainless-steel sleeve 7, 
z& in. (54 mm) I,D., which is shrunk into 2. Solvent pressure is contained by the 
PTFE U-seal 8”. The spring 9 returns the piston assembly to the bottom of its stroke 
when pressure is releasccl by the csllaust valve IO. The valves II and 12 control the 
flow of solvent from the reservoir and to the column. The pin 13, moving in a slot 
milled in the pump body, indicates the amount of solvent remaining in the cylincler 
when the piston assembly is approaching the top of its strolcc. The slot maintains the 
region between the gas ancl solvent pistons at atmospheric pressure. The pump is 
pivotecl in the stancl 14 (to allow the solvent cylinder to be completely emptied when 
changing solvents) and rests against the stop 15, The gas inlet valve IG is not essential 
but provides a convenient means of control and enables the pump to be kept under 
pressure while gas cylinders are being changed. 

To fill the solvent cylinclcr, the piston assembly is forcccl to the top of its strolcc 
with valve II opened and valves IO and 12 closecl. Valve IG is then closccl and valve 
IO openecl; solvent is drawn into the cylinder by the action of spring c+ If the pump 
has been clisconnectecl from the column or solvent reservoir, the solvent cylinder is 
filled and emptiecl several times to espel trapped air, but otherwise this is unnecessary. 
Solvent is pumped through the column by closing valves IO ancl II ancl opening valves 
12 ancl IG. The flow-rate is controlled by adjusting the gas pressure. 
_-.__-__ 

* James Wallccr ancl Co. Ltd., Welting, Surrey, Great: Britain, Part No, JWq.3oLNAjo, 
l * Cram Packing Ltd,, Slough, Rucks., Great Britain, 
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NOTES 

Solvent reservoirr- 

-_..- Gas from cylinder 

Rcsuh!s nnd tlisczcssio IZ. 

The construction of the pump is strniglltfc~r~~ard, altliougl~ it is important that 
the cylinder bores ilrc concentric with a high surface finish. The design makes a high- 
pressure seal between the pump body and the cylinder head unnecessary ancl hence 
the only non-metallic components that can make contact with the solvent are the 
PTFE seals on tlic solvent piston and valve spindles, and these are not in direct 
contact with solvent that flows into the column. 

The pump has been used continuously for several months at solvent pressures 
between 2,000 and 3,000 p.s.i. The only trouble during this time has been occasional 
leakage of solvent past the U-seal caused by small ljarticles becoming trapped between 
the seal and the cylinder wall, These were easily removed but the fault coulcl probably 
be cured by iitting a filter in the solvent inlet. It is, of course, important to clean the 
components of tlic pump scrupulously before assembly. Although pneumatic pumps 
have the disadvantage that changes in gas pressure cause changes in the solvent flow, 
this has causccl no inconvenience in practice. Measurement of the flow-rate of the 
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column eluate during G 11 continuous running with the gas at cylinder pressure showed 
a steady decrease from 0.75 to 0.70 ml/min owing to decrease in the cylinder pressure. 
This slow clecrease would IJC avoiclecl at lower pressures by incorporating a reducing 
valve between the gas cylinclcr and tile pump. 

Details of the design can be adapted to suit the required application; in par- 
ticular, the diameters of the gas and solvent cylinders can be variecl according to the 
solvent pressure recluirecl. (In the pump described, the solvent pressure is about 1.4 
times the gas pressure.) It is feasible to construct a pump body with interchangeable 
heads to give a range of maximum pressures and solvent cylinder capacities. If the 
pump is to be used only for inorganic or alcoholic solvents, the U-seal on the solvent 
piston could be of a. more flexible material and the pump woulcl work satisfactorily 
with a less highly-finished solvent cylincler bore. 

Although pumps based on broadly similar principles are available commercial- 
ly’, the simplifiecl design of the pump described makes it much less expensive. The 
total cost of construction, including time and materials, was less than Eroo. Full 
details of the pump are available on request. 

The authors are grateful to Mr. h/I. J. HAWER and Mr. 17. RANDALL for the 
construction of the pump. 
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