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[57] ABSTRACT
The apparatus of the present invention comprises a

multiple column gas liquid chromatographic, GLC,
oven assymbly for chromatographing a plurality of
samples simuitaneously. Each of a plurality of GLC
columns is contained in a separate small oven whose
temperature is independently regulated using a con-
troled flow of compressed and thermostated dry air.
Segments of the effluent gas from each of a plurality
of GLC columns is passed individually and sequen-
tially to a single detector using a single valve with mul-
tiple symmetrically spaced inlets but only two outlets.
The effluent gas from all of the GLC columns but one
is passed to waste while the effluent gas from one
GLC column is passed to a common detector. The
valve is repositioned to sequentially pass the effluent
gas from each of a plurality of GL.C columns to a sin-
gle detector. The use of a single small valve is made
possible by the use of a plurality of micro ovens for
individual temperature control of each of a plurality of
GLC columns. The use of micro ovens is made possi-
ble by the use of compressed and thermostated air ds
a source of heat for each GLC column oven. This si-
multaneous operation of a plurality of GLC columns
results in a significant increase in the rate of GLC
analysis for a plurality of samples.

11 Claims, 4 Drawing Figures
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COMPRESSED AND THERMOSTATED AIR
REGULATED GAS LIQUID CHROMATOGRAPHY
OVEN WITH SIMULTANEQUSLY OPERATED
MULTIPLE CHROMATOGRAPHY COLUMNS

BACKGROUND OF THE INVENTION

In any forced air oven system the critical parameters
important for temperature regulation of the same type.
They are: (1) the amount of heat absorbed by the oven
itself and the material being heated inside the oven, (2)
the heat lost from the oven due to imperfect oven insu-
lation, (3) the temperature of the air circulated in the
oven, and (4) the rate of flow of thermostated air in or
through the oven. Most oven systems rely on changes
in parameter (3), air temperature, for regulation of
oven temperature. In this type of oven system parame-
ters (1), (2), and (4) are held essentially constant. The
system for oven temperature regulation contained in
the present invention uses an entirely different princi-
ple. It maintains parameters (1), (2), and (3) essen-
tially constant and varies parameter (4), the rate of
flow of thermostated dry air through the oven. This air
flow regulation is attained using a separately main-
tained source of compressed and thermostated dry air
with a partially manually and partially automatically
operated variable gas flow valve for each of a plurality
of GLC column ovens. By using compressed and ther-
mostated air and an air flow regulator valve it is possi-
ble to reduce the size of each of a plurality of GLC col-
umn ovens considerably, which greatly reduces heat
loss due to parameter (1). With these micro ovens a
plurality of them can be maintained individually in a
very small space allowing the use of a single valve for
regulating the flow of each column effluent gas to a
common detector. In fact, the multiple column effluent
gas micro regulating valve, contained in the presentin-
vention, cannot be used effectively without the micro
GLC column ovens, which in turn requires the use of
compressed air for temperature regulation.

Gas liquid chromatography has been established as a
superior means for doing an almost limitless number of
difficult organic analyses. The oven systems which are
presently available, however, do not allow analytic re-
sults to be obtained at a practical rate; in some cases it
might take up to two hours for a single analysis. This
usual slow rate of operation has greatly restricted the
use of GLC in the routine analytical laboratory and has
tended to exclude it almost entirely from the clinical
chemistry analytical lab where their volume of work is
relatively large and most of the results are needed
quickly. The oven system described in the present in-
vention allows a plurality of GLC analyses to be run si-
multaneously and therefore increases the rate of analy-
sis by an order of magnitude over other types of oven
systems. This striking increase in rate of analysis which
is attained with the present invention represents a sig-
nificant innovation in GLC column oven design. In the
case of most routine GLC analyses, only one or a small
number of components in a mixture is important in the

analysis. The majority of the components in a sample

are not important and therefore most of the effluent gas
from a GLC column need not be passed to a detector
for quantitation. For a given sample analysis, there are
usually components coming off the GLC column be-
fore and after the component or components of interest
which could be excluded from the detector and, there-
fore, from quantitation. All of the present oven systems
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for GLC analysis must quantitate all components in a
given sample and the time spent quantitating compo-
nents which are not important in the analysis represents
a significant increase in the overall time of analysis for
each sample and therefore a striking decrease in the
rate of sample analysis for a given GLC instrument.
The apparatus of the present invention is designed to
eliminate this unnecessary increase in analytical time.
In the case of the present invention only those compo-
nents of a sample which are important for the analysis
are passed to the detector for quantitation while most
of the other components are passed to waste. Because
the number of components quantitated is small com-
pared to the total number of components in the sample
being analyzed, there is a tremendous savings in analyt-
ical time and therefore an increase in the rate of analy-
sis by almost an order- of magnitude for most samples
analyzed.

SUMMARY OF THE INVENTION

An object of the present invention is to increase the
rate of gas liquid chromatography, GLC, analysis by
the simultaneous operation of a plurality of GLC col-
umns. ‘

Another object of the present invention is to run a
plurality of GLC analyses simultaneously using only a
single detector system by means of a single micro valve
which passes a segment of the effluent gas from each
of a plurality of GLC columns individually and sequen-
tially to the detector.

Another object of the present invention is to use a
plurality of micro GLC column ovens, each individu-

-ally thermostated for constant temperature operation

and/or variable temperature operation, in a small space
to enable a single micro valve with' multiple symmetri-
cally spaced inlets and outléts to either the detector or
to waste to be used to sequentially pass a segment of
the effluent gas from each of a plurality of GLC col-
umns to a single detector.

Another object of the present invention is to use
compressed and thermostated dry air for regulating the
oven temperature for each of a plurality of micro GLC
column ovens with limited free space for air entrance
and circulation.

Another object of the present invention is to provide
a plurality of micro GLC column ovens with a common
source of compressed and thermostated dry air using a
compressed air source with its outlet side attached to
-2 metal tank with interposed moisture trap and appro-
priate pressure valves to maintain a constant, but ad-
justable, tank pressure, a metal tank built to withstand
the necessary operating temperature and pressure of
the dry air and containing a heating means, a cooling
means, a temperature sensing probe, inlet for dry air
from the compressed air source and outlets for each of
the micro GLC column ovens.

Another object of the present invention is to provide
a temperature regulator means for the compressed air

-tank. which will function to open or close the electric

circuit to either the heating or cooling means depend-
ing on the preset temperature and the temperature in-
side the compressed air tank as indicated by a tempera-
ture sensing probe.

Another object of the present invention is to provide
each micro GLC oven with a partially manually oper-
ated and partially automatically operated gas flow reg-
ulator valve to control the flow of compressed and ther-
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mostated dry air into each of a plurality of GLC column
micro ovens.

Another object of the present invention is to provide
each micro GLC column oven gas flow regulator valve
with a reversible motor and gear drive means to regu-
late the rate at which the valve is opened or closed
which determines the rate of flow of thermostated dry
air into each GLC column oven which, in turn, deter-
mines the temperature inside each oven.

Another object of the present invention is to provide
each micro GLC column oven with a temperature regu-
lator means which comprises a set temperature indica-
tor associated with a motor-gear drive means to enable
the set temperature to be altered at variable rates, de-
grees per minute, a temperature sensing probe inside
each GLC column oven, a GLC column oven tempera-
ture indicator, and a means to reverse the current to
the air flow regulator reversible drive motor depending
on whether the GLC column oven temperature is less
or greater than the set temperature.

Another object of the present invention is to place
the GLC column micro oven temperature sensing
probe for each oven in contact with the GLC column
effluent gas.

Another object of the present invention is to provide
each GLC column micro oven gas flow valve motor-
gear means with a mechanical stop to prevent the valve
from being opened past a preset point and thus prevent
the oven from being heated beyond a given final tem-
perature. :

Another object of the present invention is to provide
a means for preheating the carrier gas for each GLC
column inside the GLC column micro oven before the
carrier gas inters the GLC column.

Other objects and further scope of applicability of
the present invention will become apparent from the
detailed description given hereinafter; it should be un-
derstood, however, that the detailed description and
specific examples, while indicating preferred embodi-
ments of the invention, are given by way of illustration
only, since various changes and modifications within
the spirit and scope of the invention will become appar-
ent to those skilled in the art from this detailed descrip-
tion.

The general, overall operation of the apparatus of the
present invention can be defined as follows. The gas
flow regulator valves to the GLC column micro ovens
are closed manually. The appropriate compressed air
tank pressure is set on the tank pressure gauge and the
pressure release gauge is set slightly higher than the
tank pressure. The conduit means between the com-
pressed air source and the tank is opened. The com-
pressed air tank temperature regulator is set to heat or
cool as required. The proper compressed air tank oper-
ating temperature is set on the thermostat and the
switch connecting the compressed air tank temperature
regulator to line voltage is turned on. As soon as the
compressed air tank has reached the proper operating
temperature and pressure, the automated drive means
for each air flow regulator valve is disengaged and each
GLC column oven gas flow regulator valve is manually
opened a slight amount. The column effluent gas valve
is sét to pass the effluent gas from column one to the
detector and the carrier gas valve for each GLC col-
umn is opened and its proper flow rate is set. Each air
flow regulator valve is opened manually until the
proper final oven temperature is maintained by each

4

oven as indicated by the temperature indicator means

- for each GLC column micro oven. The mechanical
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stop pins for each flow regulator valve automated
opening drive means are now set. The mechanical stop
pin is placed into the proper hole of the mechanical
stop drive wheel to force the air flow regulator valve
drive gear means to disengage when this amount of ro-
tation of the mechanical stop drive wheel has occurred.
Now each flow valve is manually closed until the tem-
perature for each GLC column oven holds at the
proper initial operating temperature. A second pin is
placed in the mechanical stop wheel of each air flow
regulator valve drive means to mark this position for
subsequent resetting. The set temperature indicator on
each GLC column oven temperature programming
thermostat is disengaged and moved to indicate the ini-
tial operating temperature and a mechanical stop is po-
sitioned at a position equivalent to the final operating
temperature. The set temperature indicator on the tem-
perature programming thermostat will then stop when
it reaches the final operating temperature setting. The
means for manually disengaging the automated drive
assymbly for each air flow regulator valve is released.
The variable speed gear box for both the air flow regu-
lator valve drive means and the temperature program-
ming drive means for each GLC column oven are set
for the proper rate of temperature rise. Now each GLC
column oven variable temperature programming
means and sample injection will be started in a delayed
sequence. The line voltage switch for the GL.C column
oven temperature programming means for column one
will be turned on and a sample injected into column
one, then after a given time interval the switch for col-
umn two will be turned on and a sample injected into
column two and the procedure continued until all col-
umns have been started. As soon as that portion of the
component peaks separated by column one which are
to be quantitated start reaching the detector the time
interval for injection of samples is repeated for timing
the turning of the GLC column effluent gas valve from
column one to column two and so forth until a segment
of the effluent gas from each GLC column has been

. quantitated.
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To convert from variable temperature operation to
constant temperature operation just set each tempera-
ture programming variable speed gear box to zero rate
of change and repeat the remaining steps listed above.

The partially manual and partially electronic means
of regulating the rate of opening of each air flow regu-
lator valve described in the present invention is just one
of many possible means, some being totally automated,
for regulating the rate of opening of an air flow regula-
tor valve to achieve a programmed variable tempera-
ture operation of a GLC column oven. Substitution of
any one of the other possible means would not change
the basic principle of GLC column oven temperature
regulation which depends on the control of the flow of
compressed and thermostated gas, air in this case, into
an oven, a micro oven in this case, described in the
present invention.

There are a number of different means of obtaining
and/or maintaining compressed and thermostated gas
for regulating the temperature of a GLC column oven,
but none of these alternate means would constitute a
change in the basic principle of using compressed and
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thermostated gas to heat a GLC column oven as de-
scribed in the present invention.

There are a number of different valve designs similar
to the GLC column effluent gas valve described as part
of the present invention but none of these would alter
the basic principle of a plurality of GLC column efflu-
ent gas inlets and outlets to either waste or the detector
and with the capability of sequentially passing a small
segment of the total gas effluent from each of a plural-
ity of columns to a single detector as described in the
present invention.

The drawings and descriptions presented hereinafter
and above which specify a given GLC column micro
oven system with a set number of GLC column micro

ovens is presented simply to illustrate the basic charac-’

teristics of the present invention. Certainly any number
of micro ovens could be used in actual practice and
would only constitute additional embodiments of the
apparatus described in the present invention.

There are a variety of analytic modes of operation for
the GLC oven assymbly described in the present inven-
tion but in all cases the basic principle is the same. Only
that portion of the effluent gas from each of a plurality
of GLC columns which is important in the analysis of
a sample is passed to the detector for final quantitation.
By operating a plurality of columns essentially simulta-
neously one is able to reduce the time of analysis for
any GLC column system, reguardless of total run time
for a given sample on the column, to just that segment
of time necessary to quantitate the component or com-
ponents of interest. With this GLC oven system, except
for the first and last GLC columns, one no longer needs
to wait for components running before or after that
component to be quantitated to clear the detector. One
simply passes the effluent gas from each of a plurality
of columns to the detector only when a component or
components of interest is coming off the columns. This
column effluent valving system has no direct affect on
the separation of components of a sample on the GLC
column and also has no affect on the detector opera-
tion. The valving system illiminates time spent quanti-
tating those components which are of little or no inter-
est in the analysis of a sample. With this valving system,
the effective time of GLC analysis for each sample is
reduced by an order of magnitude in most cases. The
column effluent valving assymbly described in the pres-
ent invention is a means for increasing the rate of anal-
ysis but has no significant qualitative affect on the gas
liquid chromatographic analysis of a sample.

DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only and thus are not limitative of
the present invention and wherein,

FIG. 1 shows a schematic representation of the in-
vention with the oven assymbly in exploded perspec-
tive;

FIG. 2 shows a schematic diagram of the oven tem-
perature programming means;

FIG. 3 shows an exploded perspective view of the
GLC column effluent gas valve assymbly; and

FIG. 4 shows a longitudinal section view of the GLC
column effluent gas valve assymbly of the present in-
vention. ‘
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS '

The gas liquid chromatography, GLC, column oven
apparatus of the present invention according to FIG. 1
comprises a GLC column effluent gas valve assembly
1 which includes a female valve seat 2 containing a plu-
rality of inlet holes 3 symmetrically spaced around the
valve seat. Each of the inlet holes 3 are connected by
appropriate conduit means 4 to the outlet side of one
of a plurality of GLC columns 5. The effluent gas from
each GLC column passes through a conduit means 4
and into the valve at one of the inlet holes 3. The efflu-
ent gas from one of a plurality of columns is passed to
the bottom of the valve assymbly and out the detector
outlet hole 6. The effluent gas from the remainder of
the GLC columns passes through the inlet holes in the
wall of the female valve seat and through matching
holes in the wall of the male valve seat 7 to the hollow
center of the male valve seat and up through the hollow
rod 8 to waste. The male. valve seat 7 can be rotated
around rod 8 as its axis to sequentially pass a segment
of the effluent gas from each of a plurality of GLC col-
umns through the detector outlet 6 to a single detector
means not shown in the drawings. The GLC column ef-
fluent gas valve assymbly 1 is contained within an insu-
lated chamber comprising a top piece 9, a middle piece
10, and a bottom piece 11. The bottom piece 11 of the
valve chamber has an outlet 12 in the bottom for the
conduit means connecting the valve detector outlet 6
with the detector. The middle piece 10 of the valve
chamber has a plurality of flanges 13 symmetrically
spaced around the chamber for attachment of an equal
number of GLC column assymblies 14. Each GLC col-
umh assymbly 14 comprises a length of carrier gas con-
duit tubing 15 which is connected at one end to a
source of compressed carrier gas, not shown in the
drawings, and at the other end to a standard combined
carrier gas-sample inlet means 16. The carrier gas con-
duit tubing 15 is folded to fill the space between the
inlet and outlet sides of the GLC column 5 to preheat
the carrier gas before it inters the GLC column. Each
GLC column 5 is connected to the valve chamber mid-
dle piece flange 13 at the carrier gas inlet side by means
of the standard combined carrier gas-sample inlet
means 16 and at the effluent gas outlet side by standard
tube fitting means 17. The GLC column micro oven
temperature sensing probe 18 is attached inside tube
fitting means 17 to monitor the temperature of the
GLC column effluent gas. The hot oven air in the vicin-
ity of the folded carrier gas conduit tubing 15 and GLC
column 5 passes from the GLC column micro oven
through the small orifice 19 and into the valve cham-
ber. There is an exhaust outlet 20 for the hot air in the
bottom of the valve chamber bottom piece 11. The
path of the hot air is indicated by the arrows. The circu-
lation of hot air from each of the GLC column micro
ovens through the valve chamber serves to maintain the
valve assymbly 1 at approximately the average temper-
ature of the plurality of GLC column micro ovens.
Each of the GLC columns 5 and its carrier gas conduit
tubing 15 fits inside a GLC column micro oven 21.
Each oven 21 is attached by suitable conduit means to
a common tank 22 of compressed and thermostated air
through an air flow regulator valve 23. The air pressure
inside tank 22 is maintained by a source of compressed
air 24 and a pressure regulator valve 25 and a pressure
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release valve 26. The temperature of the air in tank 22
is maintained by a temperature regulating means com-
prising a heating means 27, a cooling means 28, a tem-
perature sensing probe 29, and a thermostat 30. The
temperature sensing probe 29 and thermostat 30 are
connected by suitable electrical means 31. Each air
flow regulator valve 23 can be controled manually
using knob 32 or automatically by means shown in FIG.
2. The temperature inside each of a plurality of micro
ovens 21 is controled by the amount of thermostated
air flowing into each oven through one of a plurality of
air flow regulator valves 23.

FIG. 2 shows a schematic illustration of one of a plu-
rality of automatic means for controling each of the air
flow regulator valves 23 associated with each of a plu-
rality of GLC column micro ovens 21. It comprises a
clutch assymbly 33, a variable speed motor-gear drive
means 34, and a temperature programming means 35.
The clutch assymbly 33 is associated with the air flow
regulator valve 23 by suitable gear means 36 and to the
motor-gear drive means 34 by drive gear 37. Clutch as-
symbly 33 comprises a primary drive gear means 38
which is held in contact with gear means 36 by rod 39
and spring 40. Gear means 38 can be disengaged manu-
ally from gear means 36 by pulling out rod 39 and mov-
ing pin 41 to the forward hole shown in rod 39. In this
position the air flow regulator valve 23 can be operated
manually using knob 32. Gear means 38 drives gear
means 36 which drives the air flow regulator valve 23
open or closed and also turns gear 42. Gear 42 is at-
tached to wheel 43 which turns as gear 42 turns. Wheel
43 has a plurality of pin holes evenly spaced around its
circumference. Pins 44 can be placed in wheel 43 and
these pins will contact rod 39 whenever wheel 43 has
rotated into the proper position as shown in FIG. 2.
Whenever pin 44 contacts rod 39 it pushes both rod 39
and the attached gear means 38 back against spring 40
which causes gear means 38 and 36 to disengage and
thus stops the automatic opening of the air flow regula-
tor valve 23. By placing pin 44 in the proper hole in
wheel 43 the automatic opening of the air flow regula-

tor valve 23 can be stopped at any point between fully -

closed and fully open. The variable speed motor-gear
drive means 34 comprises a reversible motor 45 which
drives gear 37 through a variable speed gear box 46.
The rate of rotation of drive gear 37 can be varied by
changing gears in gear box 46. Different rates of rota-
tion of gear 37 represent different rates of opening of
the air flow regulator valve 23 corresponding, approxi-
mately, to different rates of rise of temperature in the
corresponding GLC column micro oven 21. The direc-
tion motor 45 turns and therefore whether the air flow
regulator valve 23 is being opened or closed is con-
troled by the temperature programming means 35
which comprises a relay 47 connected to motor 45 by
means 48 and to thermostat 49 by means 50. Thermo-
stat 49 has a temperature indicator 51 associated with
the GLC column micro oven temperature sensing
probe 18 by means 52 and a set temperature indicator
53 which can be set manually or driven automatically
by gear 54, belt drive 55, gear 56, variable speed gear
box 57, and motor 58. Relay 47 and motor 58 are con-
nected to a power source by electrical means 59 and 60
through switch 61. The position of the set temperature
indicator 53 can be varied automatically from some
manually set initial temperature to a predetermined
final temperature setting by rotation of the gear means
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55, 56, and 57. The rate of change of the set tempera-
ture indicator setting in degrees per minute is deter-
mined by the arrangement of gears in the variable
speed gear box 57 which determines the rate of rota-
tion of gear 56. When the temperature indicator 51 is
at a lower temperature than the set temperature indica-
tor 53 the current from relay 47 to reversible motor 45
is such that the air flow regulator valve 23 is driven
open. When indicator 51 is at a higher temperature
than indicator 53 the current from relay 47 is reversed
and motor 45 drives the air flow regulator valve 23
closed.

FIGS. 3 and 4 show an exploded perspective view
and a longitudinal section view of the GLC column ef-
fluent gas valve assymbly. FIG. 3 comprises a lever 62
which can be rotated in a vertical plane to seat and un-
seat the valve or in a horizontal plane to reposition the
male valve seat to sequentially pass a segment of the ef-
fluent gas from each of a plurality of GLC columns to
a single detector. Lever 62 is attached by pin 63 to hol-
low rod 8 which serves both as a means for reposition-
ing the male valve seat 7 which includes wall 64 and as
a waste gas conduit means from the valve assymbly.
The effluent gas from all but one of the GLC columns
is passed to waste through hollow rod 8. The male and
female halves of the valve seat are forced together by
spring 65 pressing against spring support 66 which is
attached to rod 8. Rod 8 is held in proper vertical posi-
tion by guide 67 which is attached to the top flange 68
of the female portion of the valve seat 2. The top flange
68 of the female valve seat 2 has a plurality of GLC col-
umn effluent gas inlet holes 69 symmetrically spaced
around the valve seat and an outlet 78, shown in FIG.
4, to the detector at the bottom. The wall 64 of the
male valve seat 7 also has a plurality of GLC column
effluent gas inlet holes 71 symmetrically spaced around
the valve seat with one replaced by a narrow grove 72
on the outside which connects one of the inlet holes 69
in the female valve seat 2 to the detector outlet hole 70.
The inlet holes 69 and 71 in the female and male valve
seats are spaced so they exactly match. The effluent gas
from all of the GLC columns but one pass to the center
of the valve assymbly through holes 69 and 71 in the
female and male valve seat walls and on to waste
through the hollow rod 8.

FIG. 4 shows the two alternate paths for the GLC col-
umn effluent gas as indicated by the arrows. For the ef-
fluent gas from the GLC column being passed to the
detector, the effluent gas inters the female valve seat 2
through inlet 74 and hole 69 in flange 68, passes to the
bottom of the valve assymbly down grove 72 between
walls 64 and 73 along path 75 as indicated by the ar-
rows. It passes through hole 70 in the bottom of the
valve assymbly and out of the bottom of the female
valve seat 2 through the detector outlet 6 along path 76
as indicated by the arrow. The effluent gas from each
of the remaining GLC columns is passed by similar
routes to waste. The effluent gas from this plurality of
columns inters the female valve seat 2 through a plural-
ity of inlets 77, passes to the center of the valve assym-
bly through a matching set of inlet holes 71 in the wall
64 of the male valve seat 7 and along path 78 as indi-
cated by the arrows up through the hollow rod 8 to
waste along path 79 indicated by the arrow. Rod 8 is
held in a vertical position by guide 67 which is attached
to the female valve seat 2. :
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I claim:
1. An apparatus for performing simultaneous gas lig-
uid chromatographic analyses on a plurality of samples

comprising a plurality of micro ovens, a chromatogra- .

phy column contained in each of said ovens, said col-
umns having an inlet and outlet means, said inlet having
separate conduit means for sample and carrier gas, said
outlet having a single conduit means for sample and

_carrier gas, a segment of conduit means for said carrier
gas contained in each of said ovens and connected to
the inlet of each of said chromatography columns; a
valve assymbly contained in an insulated chamber hav-
ing an aperature to each of said ovens, said valve as-
symbly having a plurality of inlets connected by con-
duit means to the outlet of each of said columns, said
valve means containing passage means sequentially
connecting one of said columns to a detector means
and the other of said columns to a waste outlet means;
a chromatography column micro oven, compressed air
heating means comprising a tank for holding com-
pressed and thermostated air with a plurality of outlets
each connected to one of said ovens, an air tempera-
ture and pressure regulating means for said compressed
air tank and a plurality of air flow regulating means in
the said connections between said tank and each of said
ovens.

2. The apparatus of claim 1, wherein the segment of
conduit means for said carrier gas comprises a length
of folded carrier gas conduit tubing located inside each
chromatography column micro oven and connected to
the inlet of each chromatography column.

3. The apparatus of claim 2, wherein the length of
folded carrier gas conduit tubing located inside each
chromatography column micro oven serves to preheat
said carrier gas to the temperature of the said ‘micro
oven prior to said carrier gas entering said chromatog-
raphy column.

4. The apparatus of claim 1, wherein the micro ovens
are each just large enough to contain one chromatogra-
phy column, a length of folded carrier gas tubing and
just sufficient free space for circulation of compressed
and thermostated air.

5. The apparatus of claim 1, wherein the valve assym-
bly having a plurality of inlets connected by conduit
means to the outlet of each of said columns is adjust-
able to pass a portion of the column effluent carrier gas
from each of a plurality of chromatography columns
sequentially to a detector means while passing the ef-
fluent carrier gas from all other said columns to waste.

6. The apparatus of ‘claim 1, wherein the insulated
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chamber for the said column effluent gas valve assym-
bly contains conduit means for circulation of said com- .
pressed and thermostated air around said valve assym-
bly comprising an aperature to each of said micro
ovens and a single exhaust outlet.

7. The apparatus of claim 1, wherein the air tempera-
ture and pressure regulating means for said compressed
air tank comprises a temperature sensing probe, a heat-
ing means, a cooling means, a temperature regulator
means and an inlet from a compressed air source.

8. The apparatus of claim 7, wherein the inlet from
a compressed air source contains a pressure regulating
means which functions to open or close said inlet de-
pending on the pressure inside said compressed and
thermostated air tank and the pressure set on said pres-
sure regulating means.

9. The apparatus of claim 1, wherein the air flow reg-
ulating means between said tank and each of said ovens
comprises an air flow regulator valve, a motor-gear
drive means to automatically open and close the said
air flow regulator valve at one of several preset rates,
each corresponding to a different rate of temperature
increase inside said chromatography column micro
oven, a mechanical stop means to disengage the said
automatic motor-gear drive means from the said air
flow regulator valve and a separate electrical feedback

- means to reverse the motor of each said air flow regula-
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tor valve motor-gear drive means depending on
whether the temperature of the chromatography col-
umn is less or greater than the temperature set on a
chromatography column temperature regulator means.

10. The apparatus of claim 9, wherein the electrical
feedback means for each said air flow regulator valve
motor-gear drive means comprises a motor-gear drive
means which functions to vary a thermostat set temper-

- ature at various preset rates, a chromatography column

temperature sensing probe connected by suitable con-
duit means to said thermostat, a suitable conduit means
between said thermostat means and said air flow regu-
lator valve drive motor, a suitable relay means con-
tained in said conduit means between said thermostat
means and said valve drive motor.

11. The apparatus of claim 10, wherein the suitable
relay means functions to reverse the electrical current
to the said air flow regulator valve drive motor depend-
ing on whether the temperature of the effluent carrier
gas from said chromatography column is greater or less

" than the said thermostat means set temperature.
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