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This invention relates‘ to methods of providing or sup 
plying accurate volumes, especially small volumes, of 
gases for various uses. 7 v 

. It is commonly required to be able to provide accurately 
measured quantities of gases, for example in gas analysis. 
More recently the same problem has arisen in vapour 
phase chromatography. Previously it has been customary 
to employ glass measuring vessels or pipettes with asso 
ciatedglass stop cocks for the purpose, but these suffer 
from the‘disadvantages of fragility, that the fabrication 
of multi-way cocks ‘is time consuming and difficult, and 
hence the number of cocks required for a given assembly 
is increased. _ ' ‘ 

According to the'present invention there is provided ‘ 
an apparatus adapted for measuring and delivering at con 
trolled time’intervals an accurate volume of gas and suit 
able for mechanical operation which comprises two valves 
each having a ?xed metal body formed with an interior 

. frusto-com'cal hole, preferably, tapering outwardly, and 
situated in the said'ho'le a co-‘operating closely ?tting ro 
tatable metal valve plug; a metalrspindle rigidly connect 
ing said valve plugs provided with means adaptedfor 
rotating the spindle and valve plugs;"four metal tubes 
radiating from the bodyiof each valve and-in free con 
nection with the frusto-conical hole therein; the ?rst tube 
of the ?rst valve being in connection with the supply of 
gas being measured, the second forming one limb of 
a pipette, ethe'ethir‘d being in connection with a supply of 
inert gas under'pressure, the fourth being in connection 
with the fourth tube of the second valve; the ?rst tube of 
the second valve being open to atmosphere, the second 
forming the other limb of‘ the' pipette, (the third being 
in connection with the apparatus to which the gas is being 
supplied, the fourth'being in connection with the fourth 
tube of the ?rst valvetand situated in each of said valve 
plugs’ a'i?rst transverse duct and a second separate V 
shaped duct or roughly sector shaped recess, each having 
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ports in the surface ofthe valve plug: the area of the. ~ 
ports and ‘the circumferential distance between them being 
such that in-a'?rst con?guration the ?rst duct is in com- ‘ 
munication between the ?rst and second tubes when the 
second duct or vrecess is in'communication between-the 
third and fourth tubes;'' and‘ that in'a second con?guration 
the second duct is in communication between the second 
and third tubes‘whi-le (the '?rst-ductis isolated; and there 
being stop means‘provided for register of the ducts and 
tubes. ‘ it ' ~ ' 

Preferablythe axes of the‘frusto-conical holes are sub 
stantially horizontal and‘ preferably the body of each 
valve ‘ is substantially ‘cylindrical. ‘ Thev apparatus is of 
great value when used as the gas measuring element of a 
vapour phase chromatographic apparatus. . 

. Preferably the valve plugs each have at their small ends 
a short projection on which ‘liSdOC?t?d ‘a compression 
spring provided with washers ‘and adjusting screws. This 
spring urges the said‘ projection‘away from the valve 
body and'thus ‘presses the .valve pluginto the valve body 

, and gives a tight joint. ._ When the spindle comprises two 
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halves connected by a collar, an arrangement which 
facilitates dismantling for cleaning, this tightness may be 
achieved, alternatively although not so conveniently by 
locating a compression spring within the collar which urges 
each half ' of the spindle outwardly. 
In order to provide good register between the ducts and 

the tubes in the two con?gurations, stops are provided. 
A preferred ‘arrangement comprises a metal disc rigidly 
connected to theouter end face of each valve plug and 
having a peripheral slot which co-operates with a peg 
situated on the outer end face of the corresponding valve 
body. 

Preferably the means adapted for rotating the spindle 
and valve plugs comprises a lever arm. This lever arm 
may be connected by a suitable link to a source of power 
such as a diaphragm valve operated by compressed air, 
e. g. at 20 lb./sq. in. gauge, and rocked at speci?ed time 
intervals between the aforesaid con?gurations. The time 
intervals can be dictated by a process controller. Register 
between ducts and tubes may then be achieved by pro 
vidingjthe lever arm with limiting stops. 
The circumferential width of the ducts at the plug body 

interface of'a valve and their angular distribution are se 
lected relatively to the circumferential length of the said 
interface so that substantially no leakage occurs anywhere 

We have found for this reason that 
the said angular distribution should with medium sized 
plugs preferably be such that: the angle between the axes 
of the second and third tubes, which is the same as that 
between the axes of the third and fourth tubes is not less 
than 30°; and that the angle between the ?rst and second 
tubes is not less'th-an 30"’; and that between the ?rst and 
fourth tubes not less than 60°. When the angles are less 
than those speci?ed we have found there is increasing 
danger of leakage‘ and consequent inaccuracy and/ or con 
tamination of the sample. Preferably the said angle be 
tween the second and third and between the third and 
fourth tubes should not be greater than 65° in order to 
keep ‘down the distance travelled by the lever or other 
rocking means. 
advantageous to reduce the-circumferential width of the 
ducts and/or increase the angle between the axes of ad 
jacent tubes. It is preferred to use tubes and ducts of 
circular cross-section because they are easily fabricated, 
but if desired other sections, e. g. elliptical may be used, 
which afford some bene?t with plugs of narrow diameter. 

> Among the advantages of this apparatus are: 
(1)‘ By reason of its robustness it can be rocked. This 

permits. mechanical driving and therefore renders the 
device. automatic. Glass by reason of its fragility would 
not‘ afford this. 

(2) Automatic operation makes possible operation at 
such high frequency .that for all practical purposes con 
tinuityis substantially achieved. Thus it has been pos 
sible with some gaseous mixtures to obtain a complete 
chromatograrn every three minutes. 

(3) These advantages are obtained without any sacri 
?ce of accuracy. If anything the accuracy is greater than 
that obtained with glass. ' 

(4‘) The apparatus is substantially gas tight. 
(5 ) It has good durability and long life. 
(6). It permits the use ,of higher pressures, which 

facilitate the use of considerably longer columns with 
out unduly increasing the time required for the analysis 
of a sample. This results in more complete separa~ 
tionbetween the components of the mixture, which in 
turn affords improved differentiation between the por 
tions of the chromatograph ‘corresponding to the vari- I 
ous components of the mixture. 
The invention is illustrated in a preferred form in 

the accompanying drawings, of which 

With tubes of smaller diameter it is - 
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Figure l is a vertical elevation of the valve unit, Fig 
ure 2 is a vertical cross section taken on the line AA’ 
in Figure 1, Figures 3 and 4 are diagrammatic sketches 
illustrating the operation of the valve, and Figure 5 
is a general view showing the valve and pipette asan 
element in a vapour phase chromatographic ‘apparatus. 
Fig. 6 is an end elevational‘ view of part of‘the struc 
ture of Fig. 1. Like parts of the twin valves are in 
dicated by r the same numerals and are distinguished 
between themselves by the addition of a prime thus '. 

In the drawings numeral 1 represents the valves each 
comprising a substantially cylindrical body Z'?xed to 
the heavy‘metal base 30; 3 the co-operating valve plug, 
which preferably is tapped into the valve body to afford 
tight sealing; 4 the spindle, conveniently formed of two 
like halves 4 and 4’ coupled by the collar 31; 5 the le 
ver arm provided with an elbow 6 which may be slotted 
at 6' for connection to suitable driving means; 14 the 
?rst duct provided with ports 16 and 17, and‘ 15 the 
second (V-shaped) duct provided with portsv 18 and 
19; 7, 8, 9 and 10 the tubes. 22 is the compression 
spring situated ‘between the disc 21 and 'the washer 23 
and adjusted by screws 24 and 25, which urges the plug 
3 into the body 2. The disc 21 is rigidly connected 
to the valve plug 3 and is provided with a peripheral 
slot co-operating with a stop 26 on the outer end' face 
of the valve body 2, the slot being of such length that 
the “stop positions” correspond ‘to the two con?gura 
tions of the valve. 
When used in conjunction with a vapour phase chro 

matographic apparatus operation is as follows, refer 
ring to Figures 3 and 4. ' . 

Figure 4 shows the con?guration after the sample 
has been transferred to the sorption column and the 
latter is working on it. Carrier nitrogen under a pres 
sure of say 20 lb. per sq. in. gauge enters byrthe tube 
8, passes through the V-shaped duct 15 to the limb Y, 
and thence through tube 7’, V-shaped duct 15’, and 
tube 8' to the column. Meanwhile tube 10 is in. com 
munication with the gas being treated and gas is ?ow 
ing thence through duct ‘14, tube 9-—pipette X--tube 
9', duct 14’ and tube 10' to atmosphere. 

After‘a set period, which experience has shown to 
be adequate for analysis, a process controller initiates 
an electric circuit, which in turn opens a compressed 
air or‘ inert gas valve. The compressed air is applied 
to a'springloaded diaphragm attached to a rod which 
rocks the lever arm 6, and‘ the system is then moved 
into the con?guration in Figure 3, register being ef- Y 
fected by the slotted discs 21. and stops 26. , 

Nitrogen entering by tube 8 and V-duct 15'now sweeps 
the volume of pure gas which is contained in‘ tube 9—— 
pipette X-—tube 9’ through V-duct 15' and'tube 8? into 
the sorption column. Meanwhilethe system 7Y1’ is 
isolated, as can be seen from Figure 3. 
for a speci?ed time interval'in this way the process 
controller completes the circuit and the system is 
switched to the con?guration shown in Figure 4. 
As already indicated the ‘valve pipette has its greatest 

value in relation to vapour phase chromatography. vAs 
a further feature the invention therefore includes'apparaw 
tus for vapour phase chromatography characterised by 

After running ; 
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the use in combination of the pipette: an actuating mem- ' 
ber such as a lever; a spring loaded diaphragm; an 
electric circuit, which may include a solenoid; a motor 
and a process controller of commercial type for dictat 
ing the time intervals. The process controller and mo 
tor may be replaced by a synchronous‘ clock together 
with a cam, or by a clock driven by compressed air to 
gether with a cam. The cam may be slotted at spaced 
intervals to operate a switch which controls an electrical 
circuit including a solenoid adapted to open‘ or close a 
valve situated in a compressed‘air or inert gas line... 
A vapour phase chromatographic apparatus includ 

4 
ing the novel valve pipette as a feature is shown in 
Figure 5 and comprises a source of inert gas under pres 
sure, e. g. a nitrogen cylinder 40, ?tted with a pressure 
gauge 41; "a reducing valve 42; the valve pipette with 
pipettelimb X, a manometer 44; a ?owmeter 45; a 
chromatographic column 46 packed with a suitable sorp 
tion agent, for example silica gel, contained in a jack~ 
eted tube of wide diameter; 48 a’ hot wire Katharometer, 
with which is used a high speed recording potentiometer 
e. g. of the Brown Electronic type; and a valve 49. 

This operates as follows. Nitrogen is released from 
the cylinder 40 and controlled at a suitable pressure 
e. g.‘ from about 2 to about 20 p. s. i. gauge by means 
of the valve 42., The gas or vapour to be analysed 

‘ enters the pipette X by line 43. The gas sample is 
measured and delivered to the chromatographic col 
umn using con?gurations'of the valve pipette shown in 
Figures 3 and 4.' Nitrogen streams through the column 
continuously. The composition of the gas issuing from 
the column is continuously determined by measuring its 
thermal conductivity relative to that of the carrier gas 
and recording’ this on the Brown Electronicrecording 
potentiometer. The amplitude of the peaks correspond 
ing to‘ the desired compound is measured and the con 
centration of the compound can be immediately obtained 
from calibration charts. The valve 49 is used to ad 
just the pressure difference so that the rate of sorption 
is that which gives good differentiation in the sorbabil 
ities of the components of the gas, mixture. 

If desired, suction may be applied to the exit end of 
the column, while the inlet end is either above atmos 
pheric, or at atmospheric, or at a sub-atmospheric pres 
sure greater than the pressure at the exit end. 
.Qther suitable sorption agentsuare, for example ac 

tivated carbon or charcoal in particulate form, or a liquid 
of low volatility, such as medicinal para?in, supported 
on an inert support in particulate form, such‘ as di 
atomaceousi earth. . ,, - 

.Instead of-‘a Katharometer, similar or other appropri 
ate analyzing devices maybe used. 

' 1. Apparatus adapted for measuring and delivering at 
controlled-time intervals an accurate volume of gas and 
suitable for mechanical operation which comprises two 
valves each having a ?xed metal body formed with an 
interior .frusto-conical hole tapering outwardly, and sit 
uated inthe said hole ace-operating closely ?tting rotata 
ble metal valve plug; a‘ metal spindle rigidly connecting 
said valve, plugs provided with means adapted for rotating , 
the spindle and valve plugs; four ,metal tubes radiating 
from the body of each valve and in free connection with 
the frusto-conical hole therein; the ?rst tube of the ?rst 
valve being in connection with‘ the supply of gas being 
‘measured, the second formingone limb of a pipette, the 
third being in connection with a supply of inert gas under 
pressure, the fourth being, in connectionrwith the fourth 
tube‘ ofqthe second valve; 'the' ?rst tube of the second 
valve being open to atmosphere, the. second forming the 
other limb of the pipette,.the third being in connection 
wi'ththe apparatus‘ to which the gas is being vsupplied, the 
fourth being in connection ‘with thefourth tube of the 
?rst valve; and situated in each of said valve plugs a 
?rst transverse duct and a secondseparate V-shaped duct, 
each having ports in the surface of the valve plug; ‘the 
area of theports and ‘the circumferentialdistance be 
tween them being such that in a: ?rst‘ con?guration the , 
?rst duct is in communication between the ?rst and second 
tubes when the secondduct is in communication between 
the third and fourth tubes; and that in a second con 
?guration the second duct is in1 communication between 
the second and third. tubes while the ?rst duct is isolated 
and the ?rst and fourth-‘tubes are’ blocked; and there 
being stop means provided for register of the ducts and 
tubes. ‘ 
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2. Apparatus as claimed in claim‘ 1 in which the second 
V-shaped duct is a roughly sector-shaped recess. 

3. Apparatus as claimed in claim 1 in which the axes 
of the frusto-conical holes are substantially horizontal. 

4. Apparatus as claimed in claim 1 in which each of 
the valve plugs is provided with an element for pressing 
it into the hole with which it co-operates, which element 
comprises a compression spring located on a short pro 
jecting portion of the plug. 

5. Apparatus as claimed in claim 1 in which the stop 
means comprises a metal disc rigidly connected to the 
outer end face of each valve plug and provided with a 
peripheral slot co-operating with a peg on the outer face 
of the valve body, the slot being of such length that the 

6 
“stop positions” correspond to the two con?gurations of 
the valve. 

6. Apparatus as claimed in claim 1 in which the angle 
between any two of the tubes is at least 30°, and that 

5 between the ?rst and fourth tubes is at least‘ 60°. 
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