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[57] ABSTRACT 
A temperature programmed solid sample chamber 
adapted to apply thermal energy to a sample material. 
A carrier gas is flowed through the chamber whose 
temperature is raised at a programmed relatively slow 
rate to limit the thermal energy applied to the sample 
and thereby reduce the production of secondary de 
composition products of the material under analysis. 
The effluent gases containing the decomposition prod 
ucts are swept through a ?rst detector and thence 
through a ?rst valve to vent. The valve is adjustable so 
that these ef?uent gases when desired may be stored 
in a cold trap. The stored gases are released from the 
trap by heating and reversing carrier gas ?ow through 
the trap and'then passing the stored gases as a slug 
sample onto a chromatographic separating column for 
separation into their constituent components. The 
constituent components of the stored gases are then 
passed through a second detector. By recording the 
response of the two detectors, much information 
about the character and properties of the original ma 
terial may be obtained. 

17 Claims, 10 Drawing Figures 

Vent 2g 24 

W6 i” > 2 
6.6’. ( Second 

T amp. Pray 

@ 
[_____ .__. . D 

I, separazz'ajz, —. D6586 Z0!’ 

1 
I 
l 
l 
l 
| 
l 
P/ 
I 
l 

l 
l 
' a -' a k,’ 14 2 

Gms~l£quid : 
—>' S 18.5’ ' 1 [5023mm g3 Thermogram/ Ex Gas ?lu'omioyrm 

. 16 v > 26’ 

Time/Tswynszrahwe TTemperaizwe 







3,847,546 
1 

METHOD AND SYSTEM FOR THERMAL 
ANALYSIS 

BACKGROUND OF THE INVENTION 

This invention relates to thermal analyses and, more 
particularly, to a method and system for effecting such 
thermal analyses of materials. 
Much has been done in the brief time period since 

the application of gas chromatography to analytical 
testing procedures. One such technique is that de 
scribed by E. J. Levy in US. Pat. No. 3,425,807, issued 
Feb. 4, 1969, in which sample gases to be tested are py 
rolyzed by passing them through a high temperature 
pyrolysis tube for instantaneous heating and then chro 
matographically separating the resulting decomposi 
tion products. While highly useful, this technique pro 

l0 

vides only certain information and is limited to volatile ' 
or gaseous compounds. Further, the volatiles in the 
samples under test often tend to react with the main de~ 
composition products creating misleading information. 

Outside of the ?eld of pyrolysis many thermal meth 
ods have been described that detect or measure 
evolved gaseous products as a function of temperature. 
One such technique involves the use of a differential 
thermal analysis instrument in which the evolved gases 
are sampled and then detected using a gas chromato 
graph. This work was described by T. D. Garn in 
TALANTA, Vol. 11, pages 1,417 to 1,432, 1964. 
Among the disadvantages encountered with the Garn 
technique are the apparent inability to adequately trap 
and store the desired ef?uent gases, and the inability to 
store such evolved gases for later analysis when and as 
desired. 

Still other techniques were devised by Jen Chiu and 
described in an article appearing in Analytical Chemis 
try, Vol. 40 pages 1,516 to 1,520, 1968. In this article, 
Chiu describes a system utilizing thermogravmetric 
analysis in which the effluent gases resulting from ther 
mal heating are stored and then analyzed by a gas chr0 
matograph. One of the problems encountered by Chiu 
included the inability to properly sense and select par 
ticular segments of the evolved gases for separate anal 
ysrs. 

It is, therefore, an object of this invention to obviate 
many of the disadvantages of the prior art systems and 
methods for thermal analysis of materials. 
Another object of this invention is to provide an im 

proved system for the accurate thermal analysis of ma 
terials. 
A still further object of this invention is to provide an 

improved more versatile method for the accurate ther 
mal analysis of materials. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENT . 

In a preferred embodiment the system described is 
capable of the thermal analysis of the materials and in 
cludes a thermal means for subjecting the materials to 
heat thereby to produce effluent decomposition gases, 
a ?rst detector means for measuring a property of the 
effluent gases, a trap means for storing- said ef?uent, 

‘ and ?rst carrier gas means for selectively passing said 
ef?uent gases from the thermal means through the ?rst 
detector means to the trap means. 
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2 
The system alsoincludes a column means for separat 

ing the stored gases into their constituent components, 
a second detector means for measuring a property of 
the constituent components, and additional carrier gas 
means for passing the stored gases through the column 
means and thence, after separation, into the constitu 
ent components, through the second detector means. 
This facilitates the intermittent analysis of the ef?uent 
gases. By carefully programming the rate at which the 
heat is applied to the sample under analysis, secondary 
decomposition products are reduced and the analyses 
performed thereby are more reproducible. Further, the 

' volatiles contained in the sample can be separated from 
the decomposition products thereby permitting more 
accurate analyses since the volatiles and other impuri 
ties do not interact with the main decomposition prod 
ucts producing a former source of analytical errors‘. 
According to the preferred method of the invention, 

the temperature of a sample under analysis is increased 
slowly and selected ones of the volatiles and other de 
composition products resulting therefrom are swept 
through a detector and thence to a trap. The desired 
ef?uent gases and volatiles are trapped and stored for 
subsequent analysis by a chromatographic separating 
column. Finally, the selected ones of the stored gases 
are passed intermittently through the separating col 
umn, separated into their constituent components, and 
then detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention, itself, however, both 
as to its apparatus and method, as well as additional ob 
jects and advantages thereof, will best be understood 
from the following description when read in connection 
with the accompanying drawings, in which: 
FIG. 1 is a block diagram of a system capable of per 

forming the method of this invention; 
FIG. 2 is a flow schematic diagram of a system illus 

trating the preferred embodiment of this invention; 
FIGS. 3A and B, respectively, are a thermogram and 

a chromatogram depicting typical results derived from 
pursuing the several steps of the method this invention; 
and 

FIGS.>4, 5 and 6 each depict a chromatogram (FIGS. 
43, 5B, 6B) and a thermogram (FIGS. 4A, 5A, 6A) re 
sulting from further analytical steps employed in pursu 
ing the method of this invention. 

' DESCRIPTION OF THE PREFERRED METHOD 
AND SYSTEM 

According to the method of this invention a solid 
sample to be analyzed is placed in a thermal chamber 
10 (FIG. 1) whose temperature may be raised at any 
desired rate as a function of time or maintained isother 
mally. The sample material thus undergoes thermal de~ 
composition or volatilization. The resulting effluent 
gases, which include the decomposition products as 
well as the volatile components of the solid sample 
under analysis, are passed to a detector 12. The detec 
tor 12 may be any of the conventional well-known 
types of detectors. Preferably, however, a thermal con~ 
ductivity or ?ame ionization type detector is used. Al 
ternatively, a speci?c detector such as a ?ame photo 
metric detector, electron capture detector or similar 
detector may be employed. In any event, the detector, 
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which measures some property of the ef?uent gases 
such as thermal conductivity, ionization, etc., provides 
an electrical output signal at the line 14 which may be 
plotted on a recorder (not shown) to provide a visual 
indication 16 of the signal amplitude (indicating the 
variations in amplitude of the particular property under 
test) as a function of either time or temperature as the 
casemay be. This resulting graph or waveform 16 is 
typically termed a thermogram. 
These effluent gases as detected may then be passed 

to vent 18 until such time as it is desired to store a par 
ticular component or components of the effluent gases 
for further analysis. When such is desired, those se 
lected gas components are stored in a trap 20 which 
may be nothing more than a conventional cold trap 
having heating elements to permit the rapid release by 
heat of the stored components. Alternatively, the trap 
may be packed with a standard gas chromatographic 
type packing, such as that sold under the trade name 
“PORAPAK” by Waters Associates, Inc. which is a 
polyaromatic resin comprising cross-linked polymers of 
polystyrene and resin or other well known packings uti 
lized for this purpose. ' 

When it is desired to further analyze these stored gas 
components, the trap is rapidly heated to release the 
storedcomponents generally as a slug sample. These 
stored components are then passed through a standard 
gas chromatograph separating unit 22 and the sepa 
rated constituent components of the samples thus sepa 
rated are then sensed by a second detector 24. This sec~ 
ond detector may be similar to the ?rst. The output sig 
nal from the second detector, in the form of an electri 
cal signal on the line 26, may be recorded. The re 
corded signal, in this case from a gas chromatograph, 
is in the form of an amplitude varying signal as a func 
tion of time. The amplitude of the signal is plotted on 
a strip recorder as the ordinate with time/temperature 
as the abscissa to provide a resulting standard gas chro 
matograph recording as illustrated by the waveform 28. 

In typical use, the sample to be analyzed is placed in 
a sample “boat” (not shown) and a carrier gas passed 
through the thermal analyzer chamber. Alternatively, 
the sample may be placed in a tube and the carrier gas 
?owed through the tube. The resulting released vola 
tiles and other decomposition products are “observed” 
by the detector 12 and by viewing the thermogram 16 
anindication as of the occurrence of the several gase 
ous decomposition components of the sample are ob 
served. When a desired decomposition product or 
products is observed in the thermogram 16, these are 
immediately selectively stored in the trap 20 and held 
for further intermittent analysis. When ready for fur 
ther analysis, the trap 20 is heated and the stored prod 
ucts selectively released and passed on to the gas chro 
matograph 22 for separation into its constituent com 
ponents. These constituent components are sensed by 
the second detector 24 to produce the gas chromato 
gram 28 which is indicative of some of the properties 
of the sample under test. It is then apparent that one or 
more of the effluent decomposition gases may be 
stored. One or more of the stored gases may be inter 
mittently separated into its constituent components for 
analysis. 
This method has many advantages. For one,__since 

minimal thermal energy is applied and applied slowly 
to break down the structure of the material under test, 
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4 
the production of secondary decomposition products is 
reduced. Furthermore, the ultimate chromatograms 
are simple and are easily reproduced simply by dupli 
cating the rate at which the heat applied to the sample. 
Impurities in the sample such as solvents, monomers, 
etc. can be trapped out prior to the heating of the main 
species. These solvents and the like may be analyzed 
directly by gas chromatography. Interaction among the 
impurities and main decomposition products is appre 
ciably reduced by separately storing and analyzing 
them. With separate and/or low temperature storage, 
they have little chance of interacting. In addition, quan 
titative information on the various components in the 
sample, including polymer. blends and co-polymer com 
positions, in many cases, can be obtained directly from 
the thermogram alone. All or any part of the decompo 
sition gases of a sample may be analyzed. 
A further advantage of this method is that large sam 

ple sizes can be utilized for analysis of trace amounts 
of materials present in a large matrix. The desired trace 
materials are selectively trapped and thus separated 
from the effluent decomposition gases. The trace mate 
rials are then analyzed at will. In addition, small sam~ 
ples can also be introduced into the gas chromatograph 
by trapping only a small fraction of the decomposition 
products. In the case of the large sample sizes, the large 
samples are merely passed to vent whereas the trace 
amounts are trapped and stored for analysis. The tem~ 
perature and the extent of each decomposition step is 
controlled and measured conveniently by the program 
mer and detector respectively. For that matter, both 
the ef?uent and residue of each thermal change can be 
recovered for studies by other analytical methods. 

In accordance with an alternative embodiment of the 
method of this invention, the ef?uent gases from the 
thermal analyzer may be passed through a reactor for 
either hydrogenation, oxidation, or other chemical re 
action prior to detection. This greatly facilitates cata 
lytic kinetic type studies. 
A preferred system capable of implementing the 

method described is illustrated in FIG. 2. In this ?gure, 
solid samples of material may be analyzed utilizing a 
sample chamber 30 which may be in the form of either 
a glass or quartz tube placed in a split ceramic oven, 
typically 2% by 1% by 1% inches, that is temperature 
programable from room temperature to 800° C. The 
temperature of the sample chamber 30 may be con- ' 
trolled by a suitable temperature programmer 32 con 
nected to the sample chamber 30 through the wire 
leads denoted by the dashed line 34. The temperature 
programmer may be any suitable temperature pro 
grammer capable of sensing the temperature in the 
sample chamber and controlling such temperature by 
the appropriate application of heat thereto. The sample 
chamber 30 may contain a position for a small sample 
“boat” in which the sample material is held during 
heating. Upon heating, the volatile components in the 
sample material, as well as the decomposition products 
emitted in the form of effluent gases, are swept from 
the sample chamber 30 by the ?ow of a suitable carrier 
gas such as helium or other gas supplied by a source il 
lustrated by the cylinder 36. Reactive gases such as ox 
ygen or hydrogen could also be used. The carrier gas 
is supplied through a suitable flow controller 38 and ro~ 
tameter 40,.if desired, to control and regulate the flow 
through the sample chamber. 
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To handle liquid samples, an, injection port 31 may be 
positioned in front of the sample chamber and the car 
rier gas ?owed through it. Any conventional injection 
port may be used. 
The outlet of the sample chamber 30 is connected by 

' suitable conduits to the ?rst port 42 of a two position, 
four port valve 44. The valve rotor (not shown) is illus 
trated in its ?rst position with the arcuate lines indicat 
ing which ports are interconnected. The second posi 
tion of the valve is established by a 90° rotation of the 
valve. Each of the valves preferably are constructed of 
stainless steel-and have a ?llednplastic rotor preferably 
made of “TEFLON” a trademark of E1. duPont 
de Nemours & Co., Inc., a polytetra?uoroethylene 
resin or other suitable self-lubricating plastic. Valves 
of this type are commercially available. The__[e_~ 
ma1n1ng= ports of the ?rst valve are numbered in 
a clockwise sense 46, 48 and 50. In the ?rst valve 
position, as illustrated, the ?rst and second ports 
42 and 46 are connected together and the third and 
fourth ports 48 and 50 are connected together for 
?uid ?ow. In the second position of the ?rst valve 
the second and third ports 46 and 48 are connected 
together as are the‘ ?rst and fourth ports 42 and. 
SUIThe" second port 46 of the ?rst valve’ is connected 
to the ?rst port 52 of a second, two position, four port 
valve 54. The remaining ports of the second valve 54 
are illustrated as the second port 56, third port 58 and 
the fourth port 60. In its ?rst position, the ?rst and sec‘ 
ond ports 52 and 56 are interconnected as are the third 
and fourth ports 58 and 60. In the second position of 
the second valve, the ?rst and fourth ports 52 and 60 
are interconnected as are the second and third ports 56 
and 58. 
To complete the connections for the ?rst valve 44, 

the third port is connected by conduit to a conventional~ 
gas/liquid injection port 62 of conventional design as 
typically used in chromatography. The injection port is 
connected to have a carrier gas ?ow therethrough from 
the carrier gas supply 36 through the conduit 64. A 
suitable ?ow controller 38 and rotameter 40 connected 
serially in the conduit 64 are also used if desired. 
The third and fourth ports of the second valve 54 are 

connected to either end of a reactor 68. This reactor 
may be any suitable type of reactor packed or other 
wise and' capable of being heated as is available on the 
market. It may be adapted to provide, for example, ei 
ther oxidation, hydrogenation or other suitable chemi 
cal reaction as may be desired for use in catalytic and 
other thermal reaction studies, as will be described. 
Thus, in the ?rst position of the second valve, the reac 
tor 68 is closed off from the system with the effluent 
from the sample chamber passing directly through the 
?rst valve 44 and the second valve 54. 

i The second port 56 of the second valve 54 is con 
nected to one side of a conventional thermal conduc 
tivity detector 70. Instead of a thermal conductivity de 
tector other suitable detectors capable of measuring 
some property of the gases ?owing therethrough, may 
be employed. For example, a ?ame ionization detector 
or a speci?c detector such as an electronic capture or 
a ?ame photometric detector ‘may be employed. In 
fact, in a preferred embodiment of the invention, as is 
illustrated, a ?ame detector 71 is connected to the sec 
ond port 56 along with the thermal conductivity detec 
tor. From the output of the thermal conductivity detec 
tor 702 ‘the gas ?owis connectedto the ?rst port 72 of 
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6 
_a third valve 74. The third valve 74 is a two position. 
six port valve of the same general construction as the 
?rst and second valves with the exception of the in 
creased number of ports. Adjacent pairs of the ports ' 
72, 76, 78, 80, 82 and 84 may be interconnected by 
manipulation of the rotor. Although rotary valves are 
illustrated, it is to be understood that plunger types or 
other switching valves may also be used. In the ?rst po-‘ 
sition of the third valve, the ?rst port 72 is intercon 
nected with the second port 76. In like manner, the 
third and fourth ports 78 and 80 are interconnected as 
are the ?fth and sixth ports 82 and 84. In the second 
position of the third valve, the second and third ports 
76 and 78 are interconnected as are the fourth and ?fth 
ports 80 and 82 as are the ?rst and sixth ports 72 and 
.84. The second port 76 of the third valve is connected 
through a suitable conduit to a trap 86 and thence to 
the ?fth port 82. The sixth port 84 is connected to vent 
to the atmosphere. Carrier gas from the supply 36, 
preferably connected through a suitable ?ow controller 
38 and rotameter 40, is connected to the fourth port 
80. In similar manner, the third port 78 is connected 
through a suitable conduit to a conventional gas chro 
matographic separating column 88. The trap 86 may be 
any suitable type of conventional trap and may, for ex‘ 
ample, simply be a cold trap or may be a column ?lled 
with suitable packing as described hereinbefore. The 
trap is also preferably wrapped with a heating element 
such that an operator can switch on the heater to pro 
vide a slug release of the sample trapped therein. 
The ?rst, second and third valves 44, 54 and 74 to 

gether with the detector 70 are all enclosed within ‘an 
oven 90 to maintain the valves, the detector and their 
interconnecting conduits suitably heated to avert con 
densation of the effluent gases and other volatiles from 
the sample chamber 30. The gas chromatographic sep 
arating column 88 also is enclosed within a conven 
tional gas chromatograph oven 92 which preferably is 
temperature programmable. In this instance the tem 
perature programmer 32 may be used to temperature 
program the gas chromatograph oven 92 as well as the 
sample chamber 30 since the two generally are not 
used at the same precise points in time. If desired, how 
ever, separate temperature programmers may be used. 
The outlet of the column 88 is connected from the 

oven 92 and through the second side or cell of the ther 
mal conductivity detector 70 and thence out to vent. In 
addition, the outlet of the column 88 is also connected 
to the ?ame detector. In alternative embodiments, this 
outlet vent 94 may be connected to other analyzers 
such as a mass chromatograph, mass spectrometer, in 
frared spectrometer and the like. Both of the cells of 
the detector 70 provide an electrical output signal 
which is connected through suitable wiring 100 to a re 
corder 102, having two recording pens. The ?rst pen is 
connected to record the thermogram 104 which is the 
detected output signal from the ?rst cell of the detector 
70 representing a property of the effluent from the 
sample chamber 30. The second pen records a conven 
tional chromatogram 106 which is the electrical output 
from the second cell of the detector 70 detecting a 
property in the output from the separating column 88 
and represents the constituent components of the sepa 
rated decomposition products as will be described. A] 
ternatively, a single pen recorder may be used. In this 
instance the same bridge circuit is used for both sides 
of the thermal conductivity detector with a polarity re 



7 
versing switch being interposed between the bridge and 
the recorder to provide the correct polarity of electri 
cal signal to the recorder. 

It is thus possible using this system to observe all or 
part of the effluent gases observed on the thermogram 
intermittently, separate them into their constituent 
components, and observe the individual constituents of 
any portion of the effluent gases. By way of de?nition, 
a thermogram is a curve describing a property of the 
evolved gases versus temperature or time as opposed to 
a gas chromatogram which is a curve describing a prop 
erty of all or a portion of the constituent components 
of the evolved gases as a function of temperature or 
time. 

In constructing the system illustrated in FIG. 2, the 
injection ports 31 and 62 typically are-maintained at 
any isothermal temperature selected. The valve and de‘ 
tector oven 90 is maintained at any isothermal temper 
ature within the limits permitted by the detector and 
valve materials. The trap heater should be adjustable to 
cut-off at any temperature up to typically 500° C. The 
reactor is isothermally adjustable at any temperature 
typically up to 800° C. The temperature programmer 
32 typically should provide for isothermal or program 
temperature operation up to 800° C. These tempera 
ture limits are typical only and can be higher if desired. 
All connecting conduits and transfer conduits are 
heated preferably to avoid condensation and are 
formed of stainless steel. Preferably, a gold line should 
connect to and extend from the sample chamber to 
avoid catalytic reactions. 

In a typical use of the ‘system illustrated, the ?rst, sec 
ond and third valves are all positioned in the ?rst posi 
tion as illustrated in FIG. 2 and a solid sample is placed 
in a boat in the sample chamber 30 within the tube 
forming the sample chamber and the temperature pro 
grammer started. Carrier gases are started ?owing and 
the operator adjusts the several rotameters and flow 
controllers to the desired flow rates. As the tempera 
ture in the sample chamber 30 increases, various vola 
tiles are passed through the ?rst and ‘second rotary 
valves 44, 54 and detected in the ?rst cell of the detec 
tor 70 which can be observed on the thermogram wave 
form of FIG. 3A in which signal amplitude is plotted as 
the ordinant versus temperature as the abscissa. These 
volatiles and effluent gases resulting from the decom 
position of the solid sample are connected and stored 
in the cold trap 86 for later use. Alternatively, the third 
valve could have been switched to its second position 
to vent the volatiles and then switched back to its ?rst 
position to trap intermittently portions of the ef?uent 
gas. When the run is ?nished and the thermogram com 
plete, the third valve 74 is switched to its second posi 
tion and the temperature programmer is switched over 
to control the gas chromatographic oven. The trap 
heater is now switched on by a switch (not shown) such 
that the volatiles and ef?uent gases are boiled off or re 
leased from the trap as a slug sample. The carrier gas 
?owing through the trap '86 is reversed, upon the 
switching of the valve 74, in direction so that these vol 
atiles and ef?uent gases are back ?ushed out of the trap 
and directed through the separating column 88 where 

_ they are separated in a conventional manner. The sepa 
ratedconstituent components of the volatiles and other 
ef?uent gases are detected in the second side of the de 
tector 70 to produce the chromatogram illustrated in 
FIG. 33 having a plurality of peaks 120 each corre 
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8 
sponding to one. or more of the volatiles and effluent 
gases of the original sample. 

After the run is complete, the operator now has the 
option of observing the various portions of the volatiles 
and ef?uent gases individually. He may selectively pass 
unwanted volatiles to vent rather than storage. He may 
selectively and intermittently pass the stored gases 
through the separating column 88 for further analysis. 
For example, as illustrated in the thermogram of FIG. 
4A one can examine only the ef?uent gases released 
during the analysis as depicted by the ?rst temperature 
plateau 122 (FIG. 3A) of the thermogram. To accom 
plish this, a second sample of the same material is 
placed in the sample chamber and the analysis run as 
before. In this instance, however, the operator observes 
the thermogram being traced and when the end of the 
temperature 122 is reached, he switches the ?rst valve 
44 to the second position such that the remainder of 
the effluent gases from the sample are passed out to 
vent. The vents can be used as alternate trapping posi 
tions if so desired. The carrier gas through the second 
conduit 64 sweeps ‘up through the second and third 
ports of the ?rst valve 44 to sweep the already evolved 
effluent gases on through the detector 70 and into the 
trap 86 for storage. To analyze the stored gases, the 
trap is heated and back ?ushed by switching the third 
valve 74 to its second position and the effluent gases 
represented by the ?rst plateau 122 of the thermogram 
are now analyzed separately in the gas chromatograph. 
In this instance it may be noted that the corresponding 
chromatogram by way of illustration has only two 
peaks 124 as illustrated in FIG. 4B. Thus, of the several 
peaks depicted by chromatogram 120 in FIG‘. 38, only 
portions of two are seen to have been the result of the 
lower temperature decomposition. 
For the next run, a third sample is prepared and the ‘ 

procedure run as before. In this instance, however, the 
third valve 74 is maintained in its second position with 
the ef?uent gases passing to vent until the second char 
acteristic. portion 126 of the thermogram depicted in 
FIG. 5A is indicated‘ on the recorder 102. At this point 
the third valve is switched to its first position such that 
the ef?uent gases corresponding to this portion of the 
thermogram are passed into the trap 86 for storage. 
When the end of this temperature cycle represented by 
the portion of the thermogram designated 124 is 
reached, the third valve is again returned to its second 
position to vent the remainder of the ef?uent gases. 
When the sample run is complete and the remaining ef 
fluent gases passed out to vent by the third valve 74, the 
third valve is again returned to its second position and 
heat is applied to the trap 86 such that the stored ef?u 
ent gases are back flushed out of the trap 86 into the 
separating column 88 to provide the chromatogram il 
lustrated in FIG.>5B, which in this case, by way of illus 
tration, depicts only two peaks 128. One can readily 
determine which peak or peaks of the original chromat 
ogram 120 are formed by the ef?uent gases produced 
during the second phase 126 of the temperature cycle. 

Finally, a fourth run is made to analyze ef?uents oc 
curring during the third characteristic portion of the 
heating cycle as represented by portion 130 of the ther 
mogram. The same procedure is followed with the third 
valve being in a second position to direct all detected 
ef?uent gases to vent until those effluent gases corre 
sponding to the third characteristic portion (FIG. 6A) 
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130 of the thermogram arrive. At this time the third 
valve is switched to its ?rst position such that these ef 
?uent gases may be trapped. Upon completion of the 
run, the third valve is again returned to its second posi 
tion for back ?ushing and analysis of the stored ef?uent 
gases by the gas chromatograph. This results in the 
chromatogram depicted by the peaks 132 in FIG. 68 
corresponding to the ef?uent gases evolving during that 
portion of the heat cycle depicted by portion 130 of the 
thermogram. Here again, the operator can by examina 
tion of the several thermograms and chromatograms 
obtain signi?cant information about the material under 
test. 
Instead of using a new sample for the second and 

later runs, the temperature programming of the sample 
chamber may be stopped at the appropriate points on 
the thermogram, and then resumed at will to obtain the 
effluent gases corresponding to the different portions 
122, 126, and 130 of the thermogram. 

If a liquid or gas sample is to be used, it may be in 
jected through the injection‘ port 62 by switching the 
?rst valve to its second position. In like manner, any 
given sample may be passed through the reactor 68 by 
switching the second valve to its second position. Also, 
a liquid sample may be introduced into the sample 
chamber 30 for thermal decomposition using the injec 
tion port 31. ' 

The following table depicts some of the many varia 
tions in analytical procedures possible using this sys 
temuln this chart, according to the position of the three 
valves 44, 54 and 74, the various operating functions 
may be achieved as indicated. 

Valve-No. 
44 ‘54 74 Operating Function 

A-position l l l A solid sample is heated and the 
effluent detected and trapped. A 
portion or all of the effluent can be 
vented by turning the third valve to 
the second position. 
The flow is reversed through the 
trap and it is heated to drive the 
collected material onto the gas 
chromatographic column for 
analysis. 
A‘solid sample is heated and the 
ef?uent passed through a reactor 
(hydrogenation, etc.) prior to 
detection and trapping. 
A gas or liquid sample can be 
introduced into the traps for 
subsequent gas chromatographic 
analysis. 
A gas or liquid sample can be passed 
through a reactor (hydrogenation, 
thermal cracking, etc.) prior to 
trapping. The reacted species can 
then be analyzed by gas 
chromatography. 

B-position l l 2 

C-position i 2 l 

D-position 2 l l 

E-position 2 2 I 

There has thus been multitude a highly versatile anal 
ysis system capable of providing a multitide of func 
tions. This system has particular advantages in that ‘by 
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applying heat slowly to the sample, the secondary de- 60 
composition products are reduced. Also by the slow ap 
plication of heat the resulting analyses are more repro 
ducible. Furthermore, it permits the ready separation 
of volatiles from the other decomposition products. By 
the use of thermal conductivity or ?ame detectors or 
other speci?c detectors highly‘ sensitive results are ob 
tained. Any portion or portions of the decomposition 

10 
or effluent gases may be intermittently analyzed by gas 
chromatography or other instrumentation. 

It will be obvious that various modi?cations may be 
made in the apparatus and in the manner of operating 
it. It is intended to cover such modi?cations and 
changes as would occur to those skilled in the art, as far 
as the following claims permit and as far as consistent 
with the state of the prior art. 
What is ‘claimed is: 
l. A system for the thermal analysis of materials com 

prising: ’ ' 

thermal means for subjecting said materials to heat 
thereby to produce effluent gases, 

?rst detector means coupled to said thermal means 
for measuring a property of said ef?uent gases, 

trap means coupled to said ?rst detector means for 
storing said'ef?uent gases, 

?rst carrier gas means coupled to said thermal means 
for selectively passing said ef?uent gases from said 
thermal means through said ?rst detector means to 
said trap means, 

column means coupled to said trap means for sepa 
rating said stored gases into their constituent com 
ponents, 

second detector means coupled to said column 
means for measuring a property of said constituent 
components, and 

additional carrier gas means coupled to said trap 
means for selectively passing said stored gases from 
.said trap means through said‘ column means and 
thence, after separation into said constiuent com 
ponents, through said second detector means, 
thereby to permit the intermittent analysis of said 
ef?uent gases. 

2. A system according to claim 1 which also includes 
temperature control means connected to said thermal 
means for varying the temperature of said materials as 
a function of time, thereby to limit the thermal energy 
applied to said materials to reduce the production of 
secondary decomposition products. 

3. A system according toclaim 1 which also includes: 

additional thermal means for applying heat to said 
column means, and 7 

temperature control means coupled to said addi 
tional thermal means for varying the temperature 
of said column means as a function of time, thereby 
to facilitate the separation of said stored gases. 

4. A system according to claim 1 wherein said trap 
means includes heater means for heating said trap 
means, thereby to intermittently release said stored 
gases for passage to said column means. 

5. A system according to claim 1 wherein said ther 
mal means includes a sample chamber for holding sam 
ples of said materials and exposing said materials to a‘ 
?ow of a carrier gas from said ?rst carrier gas means 
while being heated. 

6. A system according to claim 1 which also includes: 

temperature control means connected to said ther 
mal means for varying the temperature of said ma 
terials as a function of time thereby to limit the 
thermal energy .applied to said materials to reduce 
the production of secondary decomposition prod 
ucts, and 

?rst valve means connected to said additional carrier 
gas means, said column means, and said trap means 
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for selectively passing said effluent gases to said 
trap means and said stored effluent gases to said 
column means, said ?rst valve means being a two 
position, six port valve. 

7. A system according to claim 1 which also includes: 

temperature control means connected to said ther 
mal means for varying the temperature of said ma 
terials as a function of time, thereby to limit the 
thermal energy applied to said materials to reduce 
the production of secondary decomposition prod 
ucts, 

additional thermal means for applying heat to said 
column means, 

temperature control means coupled to said addi 15 
tional thermal means for varying the temperature ‘ 
of said column means as a function of time, 

a further carrier gas means for transporting ?uid sam 
ples, and - 

second valve means connected to said thermal‘ 
means, said ?rst detector means, and said further 
carrier gas means for selectively passing said ?uid 
samples and said ef?uent gases to said ?rst detector 
means. 

8. ‘A system according to claim 1 which includes ?rst 
valve means connected to said additional carrier gas 
means, said column means, and said trap means for se 
lectively passing said ef?uent gases to said trap means 
and said stored constituents to said column means. 

9. A system according to claim 8 wherein said ?rst 
valve means is a two position, six port valve. 

10. A system according to claim 1 which also in~ 
cludes: 

a further carrier gas means selectively coupled to said 
?rst detector means for transporting ?uid samples 
to said ?rst detector means, and 

second valve means connected to said thermal 
means, said ?rst detector means, and said further 
carrier gas means for selectively passing said ?uid 
samples and said ef?uent gases to said ?rst detector 
means. 

11. A system according to claim 10’ which also in 
cludes a reactor and third valve means connected to 
said reactor, said ?rst detector, and said second valve 
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means for selectively passing said ef?uent gases and 
said ?uid samples through said reactor prior to passage 
to said ?rst detector. 

12. A method for thermally analyzing materials using 
a trap and separating column comprising the steps of: 

heating said materials thereby to produce ef?uent de 
' composition gases, 

measuring a property of said ef?uent gases, 
passing selected ones of said ef?uent gases to said 

trap for storing said selected ones of said ef?uent 
gases, ‘ 

intermittently passing at least one of said stored gases 
through said separating column to separate said 
stored gasesv into constituent components, and 
measuring a property of said constituent compo 
nents. 

13. A method according to claim 12 wherein only se 
lected ones of said stored gases are passed through said 
separating column. 

14. A method according to claim 12 which includes 
the additional step of varying the heat applied to said 
material as a function of time thereby to limit the ther 
mal energy applied to said materials to reduce the pro 
duction of secondary decomposition products. 

15. A method according to claim 14 which includes 
the additional step of comparing variations in the mea 
sured property of said ef?uent gases as a function of 
time with variations in the measured property of said 
constituent components. 

16. A method according to claim 14 which includes 
the additional step of selecting the effluent gases to be 
stored in accordance with the measured property of 
said effluent gases. 

17. A method according to claim 14 which includes 
the additional steps of: ‘ 

selectively introducing ?uid sample materials fo 
measuring a property thereof, 

selectively chemically reacting said ?uid sample ma 
terials and said ef?uent gases thereby to produce 
reaction gases, and 

measuring a property of said reaction gases. 
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