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ABSTRACT [57] 

Appl, No.1528,755 

A chromatograph testing system with a plural filament 
thermal conductivity detector, at pressure detector 
safety device in one embodiment for protecting the 
detector ?lament, and improved means for maintain 
ing constant testing temperatures. The system is de 
signed to reach test temperatures up to 500°F, to be 
compact, and to be easily maintained. 
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PROCESS GAS CHROMATOGRAPH ANALYZER 

The control valve and actuating mechanism disclosed 
herein is disclosed and claimed in a copending applica 
tion, Ser. No. 528,756, filed of even date herewith. 
This invention relates to gas chromatography, and 

more particularly to a design for a gas chromatograph 
which increases the accuracy and reliability of test re 
sults and decreases the time required for maintenance 
and repair. 
One major concern in industry is to have its processes 

in continuous operation to assure maximum output. 
The gas chromatograph is often used as a monitor on 
many processes in a re?nery or other industrial set 
tings. A major problem develops when these chromato 
graphs fail to operate properly because of the length of 
time required for repair. This invention discloses a de 
sign which features modularization of each component 
so that when part of the chromatograph stops operat 
ing, it can be easily replaced and the defective compo 
nent can be returned to a shop for repair and analysis 
of the reason for failure. 

All elements of this invention are designed for easy 
and quick replacement in the ?eld of operation. The 
tubing for the column separator is wound tightly 
around a ring. thereby allowing replacement of a co'» 
umn by merely disconnecting the two ends of the col 
umn separator tube and slipping the ring off of the 
heating block. Each detector ?lament is secured in a 
socket. thereby facilitating easy replacement. The ease 
of replacing the other components will become evident 
in the detailed description of this invention. 
Several design features in the chromatograph help 

assure maximum accuracy in the test results. An essen 
tially solid metal heating block houses the detector fila 
ments. The mass of the metal comprising the heating 
block acts as a heat sink. maintaining a constant uni 

form temperature for the columns and detector compo 
nents. This constant temperature provides more accu» 
rate test results which can easily be plotted as a bar 
graph. These bar graphs have improved peak shapes 
that can be read by the process operator much easier 
than the conventional triangular plots. 
An object of this invention is to improve a simple de» 

sign for a gas chromatograph with easily interchange 
able components. 
Another object of this invention is to provide a gas 

chromatograph with the capability of maintaining con 
stant temperature control of the sample gas and the de 
tector components. 

Another object of this invention is to provide a safety 
device to detect pressure losses in the chromatograph 
and to turn off the detector elements in the event of 
loss of pressure thereby preventing their burnout. 
A still further object of this invention is to provide a 

gas chromatograph which can reach test temperatures 
to 500° and be able to sustain continuous testing at 
these high temperatures. 
The objects of this invention are accomplished 

brie?y in the following manner: A generally cylindrical 
metal heating block, housing a cartridge heater and the 
detector ?laments, is maintained at the testing temper 
ature desired. The columns are affixed around the heat 
ing block to be maintained at a constant operating tem 
perature. A fourteen-port rotary control valve designed 
to withstand the high testing temperatures desired is 
used to provide all the switching and sampling require 
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ments. A pair of steel bellows is used to actuate the ro 
tary valve. 
Further objects and advantages of this invention will 

become obvious in the following detailed description of 
the invention, taken in conjunction with the accompa 
nying drawings, wherein: 
FIG. I is a front view of the invention disclosed with 

out the oven cover. 

FIG. 2 is a top view of the invention with the heating 
block and adjoining components removed. 
FIG. 3 is a sectional view of the heating block taken 

along line 3—3 of FIG. 1. 
FIG. 4 is a sectional view of the heating block taken 

along line 4—4 in FIG. 1. 
FIG. 5 is a sectional view of the heating block taken 

along line S——5 in FIG. 1. 
FIG. 6 is a ?ow diagram of the gas chromatography 

system in this invention. 
Refer now to the ?gures provided. The entire chro 

matograph with the exception of its electronic controls 
is contained in an oven which is insulated on all sides. 
The top and the four sides are constructed as one sec‘ 

tion (not shown) which rests tightly against the oven 
base 12. 
Heating plate 13 rests on oven base 12 and is secured 

thereto by bolts 14. Embedded in heating plate I3 is 
heating element I5. Temperature sensor I6 and heat 
limiter switch 17 rest in passages embedded in heating 
plate 13. Resting on the upper surface area of heating 
plate 13 is the tubing for heat transfer coil 18. 
FIGS. I and 2 illustrate one possible valve and valve 

actuation design. Control valve housing frame 21 is so» 
cured by screws 22 to the upper surface of heating 
plate 13. Steel bellows 23 and 24 are mounted on one 
side of housing frame 21. Openings on housing frame 
21 at the location where each steel bellows. 23 or 24 
is mounted, allow for connection of steel bellows 23 
and 24 to a pressure source (not shown) for actuation 
through tubing 25 and 26 and couplings 27 and 28 re 
spectively. Rotary control valve 29 is securely mounted 
to the top side of housing frame 21 with valve drive 
shaft 31 of control valve 29 extending through opening 
(not shown) in the top side of housing frame 21. Drive 
shaft 31 is connected securely to the center of lever 33. 
One end of lever 33 is connected pivotally to push rod 
34 of steel bellows 23 by pivot pin 35 and the other end 
of lever 33 is pivotally connected to push rod 36 of 
steel bellows 24 by pivot pin 37. Stop blocks 38 and 39 
are secured to the side of housing frame 21 opposite 
steel bellows 23 and 24, respectively. The conduit con 
nections to control valve 29, with the exception of heat 
transfer 18, are omitted from FIGS. 1 and 2 since these 
connections vary with the testing sequence used. 

Rigid support pipe 40 passes through and is secured 
to heating plate I3. Explosion proof housing 41 is 
threadedly secured to and supported by support pipe 
40. Heating block 42 is thrcadedly engaged to housing 
41. Heating block 42, which serves as the body for thcr~ 
mal conductivity detector 58 (FIG. 6), is essentially 
solid with the exception of several channels. Cylindri~ 
cal channel 43 spans the entire longitudinal axis of 
heating block 42, housing heating element 44. Stop 
plug 45 is threadedly engaged in the external end of 
channel 43. Four longitudinal filament chambers. 46 
and 46'. of equal size are bored in the internal end of 
heating block 42. For clarity, only ?lament chamber 46 
is shown in FIG. 3. A plug 47 is threaded into each ?la 
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ment chamber 46 and 46' in such a manner as to seal 
each ?lament chamber. Each plug 47 seals a detector 
?lament 48 inside its respective chamber, having the 
detector ?lament electrical leads 73 pass through the 
plug itself. Four internal passages, 49 and 49', lead 
from the outside wall of heating block 42 at coupling 
50 and 50', to their respective sealed longitudinal ?la 
ment chamber 46, or 46', as seen in FIG. 4. Two inter' 
nal connecting passages, 51, connect ?lament cham 
bers 46 to ?lament chambers 46’ as shown in FIG. 5. 
Plugs 52 block the external end of each connecting pas 
sage 51. When the chromatograph is in operation, two 
streams of gas pass through the above passages. For ex 
ample, carrier gas enters coupling 50, ?ows through in 
ternal passage 49 into ?lament chamber 46, through 
connecting passage 51 into ?lament chamber 46’ and 
then ?ows out of heating block 42 by way of internal 
passage 49' and coupling 50'. The same ?ow pattern is 
followed for the other symmetrical combination of pas 
sages and sealed chambers. 
A longitudinal opening 53 houses temperature sensor 

54 and other longitudinal opening 55 houses heat lim 
iter switch (not shown). 

All the aforementioned electrical components 
housed in heating block 42 are placed in their respec 
tive opening in such a manner that their terminals run 
outside of heating block 42, but inside explosion proof 
housing 4] and can be connected to wires which run 
through the inside of support pipe 40 to electronic con 
trol systems (not shown) outside the oven. Explosion 
proof housing 41 has a housing cap 56 which is thread 
edly attached and can easily be removed for easy ac» 
cess to the electrical connections contained therein. 
The column separator 60, which typically comprises 

two columns arranged for series ?ow, is wound tightly 
around a generally cylindrical structure ring 61 and 
held ?rmly in place by clamping members 62 which are 
attached to structure ring 61 by screws 63. For opera 
tion, structure ring 61 is slid over the external end of 
heating block 42 and the ends of the tubing of column 
separator are coupled to the appropriate ports of con 
trol valve 29. In the center of heater block 42, capillary 
tubing 64 is wrapped tightly around the circumference 
of heating block 42 and held in place ?rmly by support 
members 65, which are secured to heating block 42 by 
screws 66. 
For normal operations an electronic control system 

is needed to operate the chromatograph. Separate con 
trol systems that are connected to temperature sensors 
16 and 54 are used to maintain the correct temperature 
in heating plate 13 and heating block 42. The heat lim 
iting switches act as a fuse by turning off the heat if the 
temperature rises above a certain point. A timing sys 
tem is needed for activating control valve 29. Elec 
tronic circuits above described are available and 
known to those skilled in the art and constitute no part 

of this invention. 
There is no one preferred use of the design above de 

scribed. Because of the versatility of the design and ro 
tary valve used, several different types of tests can be 
set up. Adjustments for a different test are simple. The 
only changes needed are to switch the connections to 
the rotary valve, thereby changing the paths in which 
the tdst sample and carrier gas ?ow through. Generally, 
in many tests, the following sequence for sample and 
carrier gas ?ow takes place. Referring to FIG. 6, the 
sample enters the oven enclosure and passes through 
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heat transfer coil 18 in which the sample temperature 
is raised to the operating temperature of the chromato 
graph. The sample then ?ows to control valve 29. In the 
normal mode of operation the sample ?uid passes 
through control valve 29. For sampling, control valve 
29 rotates quickly, catching small quantity of sample 
?uid in the control valve. This quantity of sample ?uid 
is carried out of control valve 29 by the carrier gas and 
to a column separator. If the sample is a liquid, once it 
is inserted into the chromatograph system, it vaporizes 
because of its reduced partial pressure. Next, the sam 
ple is separated into its components by ?owing through 
column separators 60. The number and sequence of 
column separators and direction of flow through the 
columns depend on the test. The separated sample next 
flows through control valve 29 and to heating block 42 
of detector 58. By way of internal passage 49, the sepa— 
rated sample and the carrier gas pass through the ?la 
ment chamber housing detector ?lament 48. The sepa 
rated sample continues to flow through heating block 
42 by way of connecting passage 51 and into another 
?lament chamber 46' housing a detector ?lament (not 
shown), eventually exiting heating block 42 through 
internal passage 49'. The separated sample is carried 
by the carrier gas to a pressure switch 70 or a ?ow mea 
surement device and then vented into the outside air. 
When the pressure switch detects a loss in line pressure 
or the ?ow measurement device detects a drop in the 
?ow rate, the power to detector 58 is turned off to 
avoid burning out the detector ?laments 48. 
The carrier gas, such as helium for example, serves 

to push the sample gas throughout the entire test. The 
carrier gas enters the oven and ?ows through capillary 
tubes 64. The capillary tubes serve to provide a con 
stant rate of ?ow of carrier gas, thereby resulting in 
more accurate test data. The carrier gas then passes 
through heating block 42 of detector 58, ?owing 
through two different detector ?laments exactly as ex 
plained for the separated sample and the carrier gas. 
The carrier gas then enters the control valve where it 
can be channeled to clean out the column separators 
between tests or “carry“ the sample gas during tests. 

Since the usual variations in the ?ow pattern relate 
to control valve 29 connections, no speci?c ?ow pat 
tern through valve 29 is indicated in the diagram. Ex 
amples of ?ow patterns through the control valve can 
be found in Young, US. Pat. No. 3,223,123. 
Actuation of control valve 29 is by carrier gas pres 

sure applied to one of the steel bellows 23 or 24. A so 
lenoid valve 71, activated by a timer (not shown ), 
switches the carrier gas pressure between each steel 
bellows. Normally, one steel bellows is in the expanded 
position, its push rod fully extended against its respec 
tive stop block, and the other steel bellows remains in 
its rest or de?ated position. When the timer switches 
the solenoid, the solenoid changes the carrier gas pres 
sure to the other steel bellows and returns to its original 
position after the sample gas has had sufficient time to 
be carried through the detector ?laments by the carrier 
gas. 
The chromatograph reading is determined with a 

conventional wheatstone bridge arrangement using the 
four detector ?laments 48. However, a two ?lament 
wheatstone bridge can be used by replacing two of the 
?laments with ?xed resistors. Various kinds of detector 
?laments can be used in the thermal conductivity de 
tector, including thermistor and catalytic ?laments. 
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Heater block 42 helps assure constant temperature of 
the gas when it enters the ?lament chambers, and pre 
vents minute temperature changes which alter the re 
sistivity of the detector ?laments, thereby affecting the 
test results. Heating plate 13 heats the air in the oven 
in order to help assure a constant temperature in heat 
ing block 42. Heating plate 13 also controls the temper 
ature of control valve 29 as well as the sample gas ?ow 
ing through the chromatograph. Control valve 29 pro 
vides quick and accurate sample volumes. Small diame 
ter columns and small sample volumes decrease the 
time for testing, which results in improved peak shapes 
of the test data. Because of the accuracy of the results 
obtained, accurate bar graphs can be plotted from the 
tests. This type of graph is much easier and much more 
accurate to read as compared to the conventional tri 
angular shaped graph. 
The design features also permit easy replacement of 

any part in the ?eld avoiding long shutdown times or 
replacement of entire units. 
This invention is particularly adaptable to use in re 

mote areas. Regular household current is sufficient for 
the electrical requirements and the carrier gas also pro 
vides the pressure required for steel bellows 23 and 24 
to actuate control valve 29. Low current lines of 15 
VDC or less are less susceptible to noise pickup over 
long distances and can be used to control the tests in 
many chromatographs from one central location. 
From the above disclosure, it can be seen that there 

has been provided a gas chromatograph having a novel 
and improved design which combines the elements of 
the chromatograph in such a manner as to provide very 
constant test temperatures which permit accurate and 
reliable test data to be recorded. Also included in this 
design are features which allow quick and easy replace 
ment of any part of the gas chromatograph. 
The invention claimed is: 
1. In a gas chromatography apparatus, a means for 

achieving more accurate test data by reducing temper 
ature variations within the chromatograph compo~ 
nents, comprising: 

a. an insulated container, 

b. an essentially solid heating block, having a plural 
ity of internal passages and mounted inside the in 
sulated container. 

c7 a plurality of detector ?laments embedded in the 
heating block, said internal passages providing 
?uid communication from the exterior of the heat 
ing block to the detector ?laments, 

d. heating means embedded in the heating block, and 
e. tubing wound around the circumference of the 
heating block for use as column separators. 

2. Apparatus claimed in claim 1 whereby the plural 
ity of tubes are connected to the circumference of the 
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heating block by means comprising: 

a. an annular ring with a size and shape that allows 
the ring to ?t snugly around the circumference of 
the heating block, 

b. a plurality of tubes wound tightly around the annu 
lar ring, and 

c. means for securing the tubes to the ring. 
3. Apparatus claimed in claim 1 which includes a 

means for heating the air surrounding the heating block 
as well as the sample gas, comprising: 

a. an essentially solid metal heating plate, and 
b. heating means embedded in the heating plate. 
4. In a gas chromatography apparatus, a thermal con 

ductivity detector designed to maintain a constant tem 
perature, comprising: 

a. an insulated container, 

b. an essentially solid cylindrical heating block, hav 
ing a plurality of internal chambers and passages 
and mounted inside the insulated container, 

0. a plurality of detector ?laments, 
d. a plurality of insulated plugs, holding their respec 

tive detector ?lament securely in each respective 
internal chamber ofthe heating block, said internal 
passages providing ?uid communication from the 
exterior of the heating block to the detector ?la» 
merits and between the detector ?laments, 

e. a means for heating the heating block and main 
taining a constant preset temperature, comprising: 
i. an elongated heating element resting in an inter— 

nal chamber spanning the longitudinal axis ofthe 
heating block, and 

ii. means to detect the temperature of the heating 
block and for changing the temperature in the 
heating element as required, and 

. a plurality of tubes wound tightly around the cir— 
cumference of the heating block for use column 
separators and carrier gas ?ow control. 

5. Apparatus claimed in claim 4, which includes a 
means for preventing burnout of the detector ?laments 
comprising: 

a pressure switch mounted in the chromatograph 
downstream from the detector, so installed that the 
power to the detector is switched off when the 
pressure in the chromatograph drops below a pre~ 
determined amount. 

6. Apparatus claimed in claim 5 where said means for 
preventing burnout of the detector ?laments com» 
prises: 
a flow measurement device downstream from the de» 

tector, so installed that the power to the detector 
is switched off when the flow rate in the chromato 
graph drops below a predetermined amount. 
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