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A technique coupling thermogravimetry (TG) and gas ckromatography (GC) 
has heen previously described [Anal. Gem., 40 (1968) 15161, which separates and 
analyzes the volatiles generated at various weight-change stages as shown on the 
TG curve. Applications of such a technique for studying polymer blends and copo- 
lymers, analyzing organic coatings, and identifying solvents, monomers and additives 
in p&mer svstems have been demonstrated. The present work describes the construc- 
tion and operation of an all-metal coupler to replace the glass coupling system 
previously used. The apparatus is semi-automatic, easy to operate, and readily built 
from standard components. It can be adapted to most commercial TG and GC 
instruments without much modification. Examples are given to illustrate the perfor- 
mance of this unit. 

ISTRODUCTION 

Coupled thermogravimetry-gas chromatography (TG-GC) has been shown to 
he a valuable tecknique for materials characterization’. It provides a profile of weight 
changes of a substance being heated under controlled conditions, and anaIyzes the 
volatiles generated at various weight-change stages. Both qualitative and quantitative 
information can be obtained from the TG and GC scans. The technique is particularly 
useful in anaiysis of mixtures having components of differing volatihties, study of 
decomposition mechanisms, determination of trace amounts of impurities, and 
characterization of molecular structures_ The advantages and limitations of such a 
coupled system were discussed previously, together with some practical applications 
to polymer systems. 

In the previous work, the coupling unit was a borosilicate glass structure con- 
sisting of four gIass stopcocks. This paper describes a semi-automatic ah-metal 
coupler which is easy to operate and readily built from standard commercial corn- 
ponents. It can be easily adapted to most commercial TG and GC instruments without 
much modification_ ExampIes are given to illustrate applicability of this unit. 

EXPEFUMEXTAL 

The basic design of the present coupIer is essentially tke same as tke glass unit 
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previously described *, except that the four switching stopcocks are now replaced by 

four staintess steel micro-volume valves (Cat. No. 2011, Carle Instruments, Inc.. 
Anaheim, California, U. S. A.), and the switching operation is performed by soIenoid 

valves_ This semi-automatic feature paves the way for further automation and 

programming of the whole operation. 

r 
SC 

Fig_ I_ Schematic diagram of TG-GC coupler. 

The connection of these micro-vaives and the coupling of this unit to TG and 

GC is shown schematicaIIy in Fig. I_ The micro-valves and all necessary plumbing and 

heating are contained in a steeI box (17 x 9 f/t x I I in) as indicated by the dashed 

Iine. In this unit, the coupler is connected to the Du Pont 950 Thermogravimetric 

Anafyzer module of the Du Pont 900 Thermal Analysis System (Instrument Products 

and Equipment Division, E_ I_ du Pont de Nemours & Co_, Wilmington, Delaware, 

U_ S_ A_) and a F & M 810 Research Gas Chromatograph (Hewlett Packard Co., 

Avondale, Pa_, U_ S. A.)_ “Swagelok” fittings are used for connections with the 
IjI6-in stainless steel tubing attached to the micro-valves. The sample trap is aiso 

made from a convenient length of I/16-in tubing shaped in either coiI-or U-form. 

The valve design is based on a kinematic loading principIe to achieve Ieak-tight opera- 

tion at temperatures up to 25OXZ and pressures up to 100 psi_ The two-position valves 
can be operated either manuaily through a knob or automatically through a compres- 
sed air actuator (Cat_ No. 2050, Carle Instruments, Inc.). By use of a miniature air 
cylinder and a two-way AC sotenoid valve, the actuator applies laboratory air pressure 

to switch the v-ah-e by driving a crankarm between presicion stops. 
The valves are heated by flexibie heating tapes (I i0 V, 3 Amp., Cat. No. H-r-302, 

Electrothermal Engineering Ltd_, London, Great Britain)_ AI1 tubing connections are 
heated by “GLssohm- resistance heaters (110 V, 22 R, 5 Amp., C!arostat Mfg. 
Co., Dover: New Hampshire, U_ S. A.). Five powerstats are used to control the 

temperatures of the various parts of the system: TG furnace tube end, sample trap, 
micro-v-aives, injection line to GC_ and connetion t&ings inside the coupler_ Seven 
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thermocouples are located at strategic points, namely, between TG connector and 

valve I, between valve I and sample trap, sample trap, valve III, between valve III 

and exit of coupler, and between exit of coupler and GC injection port. These points 

are marked on the diagram in Fig. 1, The temperature at each point is read from a 

potentiometer through a selector mounted on top of the coupler. 

A switching valve is installed to switch the carrier gas either to the coupler for 
TG-GC operation or to GC directly for normal GC operation. An additional purge 
gas inlet is added at the end of the coid envelope of the Du Pont TGA unit to sweep 

out the pyrolysis products more completely. When the coupler is in standby positicn. 
the TG furnace can be either disconnected from the coupler or vented to the atmos- 
phere or a trap through valve 1. This position also can be used to evacuate the TG 
unit to achieve vacuum or inert atmosphere. If liquid nitrogen is used for trapping 

the volatiles, it is desirable to attach at least one similar trap to valve II to protect 

condensation of atmospheric gases in the sample trap. 

Fig_ 3- Rex view of the opened TG-GC coupler. 

The valves are arranged in a row in the rear part of the coupler as shown in 
Fig. 2. The actuators are mounted on top of the coupler and insl;lated from the hot 
box. The solenoid valves are housed in the front of the coupler and insulated from the 
hot oven compartment as shown in Fig- 3. The completely assembled unit in coupled 

position is shown in Fig. 4. A small dewar is used for trapping, and a small heating 

Thermocfrinr. Acra. I ( IWO) 23 i-238 



234 J. CIIIli 

mantlc (Gias-CoI Apparattis Co., Tcrrc Haute. Indiana. U. S. A.) for volatilization 

of *be sample. 

Fig. 3. Front \icx or‘;kc opcmx! TG-GC couplsr. 

Each micro-\-al\-c has w-0 positions and its fX>; geometry is sho\vn in Fig. 5. 

The positions oi the four XXIVCS during the various operations are best summarized 

in TabIe I. However _ 2 certain order of switching the four \-&-es is prefcrrcd. The 

foIlowing scqucncc is rcsommcndsd for highcjt column efiicicncy, particularly for the 

injection step. 

TABLE I 

I-AL,T Pusl-rr0~ 

Standby IV-B. III-B. II-_+. I-=\: trapping I-B. II-B. III-B. IV-B; volatilization: 

I-X. ii-A. III-B_ IV-B. trap heater on: injtction: IV-__\_ I-A, 11-A. III-X. trap hater 

Off. 



Fig- 4. TG-GC coupler in assembled position. 

FGSITION A i=OSiTiON B 

WAFT ROTATION Si-iAFT ROTATiGY 
cw Cc:& * 

Fig_ 5_ Flow geometry of micro-vsIves in TG-GC coupler_ 

RESULl-S AXD DISCUSSIOSS 

The precision of the total system \vas tested by decomposing approximately 
I mg of a poIymethy1 methac~late sampIe, free of monomer and other additives, 
in the TG furnace maintained at 3OO’C. The monomer xvas separated on a stainless 
steel packed column. 6 feet Iong x IjS in diameter, containins acid-washed Chromo- 
sorb W (SO-100 mesh). coated with 10% silicone rubber UC W-98 (_HewIett Packard 
Co.). The column was maintained at a constant temperature of 6O’C. Helium served 
as the carrier sas with a flow rate of 30 ml per minute at an inIet pressure of 100 psig. 
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The injection port temperature was 2OOC; detector block temperature, 250°C. A 
dud hydrogen game detector was used. Retention times and peak areas were read 

from an electronic digital inte_mtor Model CRS 100 (Infotronics Corporation. 
Houston, Texas, U_ S_ A_)_ The results for six consecutive runs are shown in Table IT. 

TABLE II 

TG-GC of POL-YL ?alErHAcRyuTE 

Mo~mcr meIhh,-l me!firc&zfe 

Run _Xo_ 

1 2.8 
1 L6 
3 28 
4 28 
5 29 
6 2-9 

AVClXgCZ 
Standard dev. 0.1 

17.3 
17.1 
IS.8 
17.9 
18.5 
17.7 

17.8 
0.7 

6.64 
6.58 
6.72 
6.96 
6.78 
6.79 

6.75 
0.13 

Reproducibility of 2% in peak height and 4% in peak area measurements was 
obtained. This is more than adequate for many quantitative applications. However_ 

a 30% reduction in coIumn efiiciency is normally observed. 

Battery separator 

One of the important applications of a coupied TG-GC technique is to charac- 
terize polymer materials by analysis of their pyroIysis products_ In this capacity. 

coup!ed TG-GC is equivaIent to contro1Ied pyroIysis-GC pIus weight Ioss. Painstaking 

searching for pyrolysis conditions is normally not necessary. This is illustrated by a 
practical example of using coupled TG-GC in conjuction with infrared (IR) and 

differential thermal analysis (DTA) for identification of a battery separator. IR 

anaIysis indicates the material to be made of poIyamides_ DTA sho:vs meIting endo- 

therms in the regions of 215 and 255”C, which suggest a mixture of nylon 6 or 610 

and nylon 66, CoupIed TG-GC analysis then identifies the material to be a mixture 

of nylon 6 and nyIon 66. The TG-GC scans are shown in Fig. 6 for the battery 

xparator and three control nyIons_ The TG scans show that the separator decomposes 

at a much Iower temperature than the control nylons because of the presence of 

strongIy caustic substances, a fact likely to be overlooked by conventional pyro- 

Iysis-GC The residual weight provides information on inorganic materials in the 

sample, The decomposition products of the separator are shown as bar graphs in the 
pyrograms and compared with those from the control nylons_ The separator produces 

predominantiy caproIactam and cyclopentanone, which are the main decomposition 
products from nylon 6 and nyion 66, respectively. 
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Fig. 6. TG-GC of battery separator. (TG conditions: sample size, -1 mg; helium flow, 160 mljmin; 
heating rate, 1 O”/min). 

The GC conditions are the same as those for polymethyl methacrylate described 
in the preceding section except that the column temperature is programmed at a rate 
of 6” per min from 70 to 220°C. 

Aerosol spray 

Stepwise analysis of the volatiles generated at various weight loss steps shown 
on the TG curve frequently provides both qualitative identification and quantitative 
determination of the constituents involved. For instance, coupled TG-GC has been 
employed in an attempt to identify the polymer components in an aerosol spray. 
After the soIvents and propellants are evaporated and identified by direct GC and IR 
analyses, the dried solid residue is studied by coupled TG-GC. The GC conditions are 
the same as before except the columns are maintained at 38°C. As shown in the TG 
scan in Fig. 7, the sample she-*s 2% residual solvents, 2% ash, and two major weight- 
loss stages involving 44% and 52% in the temperature regions of 200420 and 
44O-580°C respectively. During the continuous heating process, 2 sample is taken 
at each major weight loss step as indicated on the TG curve, collected in the coupler, 

Thermochim. Acta, 1 (1970) 23 l-238 
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and then analyzed by GC. The GC scans, shown as bar graphs in Fig. 7, identify 
sample 1 as mainly methyl methacryktte and sample 2 as mainly tetraf?uoroetizyIene_ 

SAMPLE NO. I 

SAMPLE NO. 2 

I I I I I 
20 LIM IS IO 5 0 

Fig, 7. TG-GC of aerosol spray. CrG conditions sample site. 
tY.win@ rate, S”/m;n). 

-20 mg; helium flow, I60 ml/min: 

The resuks suggg that the solids in the spray contain mainiy poiymethyl methacrylate 

and polyktrafkoroethylene. It is noted that the two major weight-loss steps are 

cousistcnt with the thermal decomposition regions of the two polymers. However, TG 

alone does not provide absolute identifkation. Other analyses such as DTA and IR 

support the TE-GC results_ 

1 3. CFUU, Ad- Ckm. 40 (1968) 1516. 


