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SUMMARY 

A device and procedure are described that permit the easy and precise determina- 
tion of calibration ,aphs for the quantitative analysis of gases by gas chromatography 
The study focuses on the roIe of the sensitivity of the thermal conductivity detector on 
the response data, especially when small amounts of gases are to be detected (c IO4 
mole)- At low sensitivity the response factors for all the gass studied (Hz, N,, C& 
CO. CO, C& and C&) were found to vary with the molar amounts of compound 
injected. No variation of the relative responses was noted at +-he normal sensitivity 
leveis except for hydrogen, which exhibited an anomalous cbromato_sapbic behavior. 

MTRODUCCION 

Theoreti~&~~ and experimental3 methods have been proposed for calculating 
response factor vaiues in gas chromatography. TabuIated response factor data for a 
number of pure cornpour& are also readily available, which can be used with either 
fIame_ionizatioo or thermal conductivity detectors 44. Variables such as carrier gzs 
and carrier gas flow-rate, detector operating temperature, sampie concentration, 
individual sensing unit and recorder attenuation have been studied as a fiction of 
the response factors 7--9 Much less attention however, has been given, to the effect of . 
the detector sensitivity on the relative response data. The object of tbis work was to 
determine whether sensitivity could affect the relative responses obtained for the 
major non-condensable gases (Hz, Nz, CI&, CO, CO,, C$& and CJ$,) originating 
from the vacuum pyrolysis of solid fkels and which were injected in small amounts 
( 1O4-1O-s mole) into the gas chromatograph. 

A diagram of the apparatus is illustrated in fig. z . The main components are a 
HewIetE-Pzckard (EZP) 57mA gas chromatograph equipped with an Mp hot-wire 
detector coupled to a HP 338OA integrator, a Perk&Elmer Fluon Rotor gas sanphg 
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valve (catalogue No. 454-0104), equipped with a l-ml sampling loop, and MKS 
Baratron Type 220 electronic manometers with digital readout. Two-way Nupro 
bellow valves and three-way Whitey ball valve were used in the design. All of the 
test gases used were of the highest purity available and were provided by Liquid 
Carbonic Canada, Sherhrooke, Quebec, Canada. 

Fig. 1. Calibration apparatus for GC analysis. 

The gas chromatograph is equipped with a switching valve to permit the use of 
two columns for the analysis. The mixture passes through a 1.83 m x 3.2 mm 0-D. 
stainless-steel column packed with SO-lOO-mesh Porapak Q and a 1.37 m x 3.2 mm 
O.D. stainless-steel column packed with 60-80-mesh molecular sieve 5A. The carrier 
gas is a 8 % (v/v) mixture of hydrogen in helium with a flow-rate of 25 ml/mm. 

Procedure 
The gas to be calibrated is first transferred from the high-pressure cylinder to a 

previously evacuated (c 10-l torr) 30-l Pyrex vessel. This enables precise control of 
the sample pressure to be injected into the gas chromatograph. Before sampling the 
gas, the stainless-steel line and the gas sampling loop are evacuated using a mechanical 
pump through valve VI while valves Vz and V, remain closed. Once the vacuum is 
established, VI is closed and the gas is admitted into the sample ioop by opening V, 
until the desired pressure is attained. The pressure is then read directly at the manom- 
eter head MI. Thus a known volume of gas at a known pressure and temperature is 
injected in the gas chromatograph. The pressure was varied in the range 0.3-223 torr, 
depending on the compound being analysed, which corresponded to molar amounts 
between 1.6. lOa and 1.2. 10e5 mole. Mixture of gases were prepared by adding 
successively the individual components, while noting the partial pressures, into the 
receiving vessel with the manometer head Mz. , 



When the gas is injected, the Porapak Q and molecular sieve 5A columns are in 
series- After elution of the hydrogen, the polarity is than_@ and the Porapak Q is 
isolated to permit separation of O,, N1, CK, aud CO on the molecular sieve column. 

After the eiution of the last gas present on the molecular sieve, the carrier gas is 
switched back to the Porapak Q for the analysis of CO,, light hydrocarbons and a few 
o&er components_ 

The analysis of Hz, O,, NT,, CKI and CO is effected isothermaily at 40°C. For 

the other gases eluting on the Porapak Q column, the temperature is kept isothermal 
at 40°C for 4 min and is then raised to 2tIO”C at a controlled rate ofS”C/min. 

The gas chromatograph was run at two different sensitivity levels which corre- 
sponded to the longer life (low sensitivity) and the medium life (normal sensitivity) 
expectancy of the detector. Low sensitivity of the katharometer was obtained by 
setting the bridge current to 200 mA with the temperature of the detector controlled 
at 150°C. Normal sensitivity corresponded to a current of 275 mA while the tempera- 
ture of the detector was decreased to 1 IOT. The attenuated signal output from the 
detector WCS displayed on a 4-6~ mV span recorder. The slope sensitivity of the in- 
tegrator was fixed at 0.3 mV/min_ 

RESULTS AND DISCUSSION 

The calibration data were obtained for the main pyrolytic gases mentioned 
above at low and normal sensitivity detector settings. Typical results are presented in 
Figs. 2 and 3 for CO1, CO and Nr where the area response variable from the electronic 
integrator was plotted as a function of the number of moles of the compound analysed. 
The calibration _aphs in Fig -2 obtained under normal sensitivity conditions passed 
through the origin *O*rl This was not always the case under the low sensitivity condi- . 
tions, however, where it was noted that the lower portion of the graphs for all of the 

gases considered was slightiy deflected toward the abscissa axis (Fig- 3), At low sensi- 
tivity the equations of the straight portion of the lines were calculated using the Ieast- 
squares method. in which case the correlation coefficient was always better than 

0.990 (4 degrees of freedom). At normal sensitivity the slopes of the resulting straight 
lines were calculated by taking ffie derivative of S, the sum of squares of the deviations 
of each value y = bx z with respect to 6, setting it equal to zero for a minimum, and 
solving for b. The plots exhibited genuine linear relations with a correlation coefficient 
which varied between O-993 and 0999 (4 degrees of freedom). 

The response factors +vere calculated folfowing the usual procedure with nitro- 
,gen as reference. At low sensitivity the factors were found to be strongly dependent 
on-the amount of gassus compound injected, as shown in Fig. 4 for CK,, CO, CO2 
and C&. Such drastic dependences between the response and the concentration 
were observed with heavier carrier gases at low concentrations only, while the prob- 

ability of this anomalous phenomenon occurring was thought to be minimal with 
Hz or He as carrier gas I’. At normal sensitivity the response factors were easily derived 
from the direct ratio of the b values with respect to the reference and obviously were 
found to be independent of the number of moles injected. The factors are given in 
Table I for further comparison with other data avaiIable in the literature. 

Kydrogen has been kept apart as it exhibited anomalous chromatographic 
behavior even at normal sensitivity, as indicated by the non-Linear calibration graphs 
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Fig. 2. Calibration graphs for CO,, CO and Nz. Normal sensitivity. 
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Fig. 3. Calibration graphs for CO,, Co and Nz. Low sensitivity. 
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Fii_ 4. Rcspos factors for COr. CO, Ct4 and C&b. Reference factor: nitrogen = 1.0. Low sen- 
sitivity. 

in Fig. 5. The concave-type curvature of the Hz calibration profiles at low concentra- 
tions is in sharp contrast with the convex-type curvature expected at higher concen- 

trations’+*‘s. The resulting response factors for HL are given as a function of the sen- 
sitivity levels of the detector in Fig_ 6_ As expected, the response factor was highly 
dependent of the amount of g.as passing through the detector. 

It is necessary to examine the relative responses given by similar detectors, 
since Messner et al.’ concluded that their data should be applicable to all gas chroma- 
tographs using thermal conductivity detectors 2nd hdium as carrier ,a. A comparison 

TABLE I 

CO%fPARISON OF RESPONSE FACliORS TO DIFFERENT THERMAL CONDUCCIWTY 
DEIECTORS 

Gas Response per mo!e rdotive to nitrogen 

PreserzS work. lWs.strer et aI.’ I* Gdkmin et al_*"' 

HZ Varizbk - - 

& 0233 1.00 Ez 
co 1.06 r :ao E i :a0 
CO: 1.20 1.14 1.20 

1.11 1.14 1_27 
2_oQ 202 - 

l Ch-ricr gas: 8% Hz in He. Normai sxsitivity (275 mA, LlO”C), Hewlett-Pzcbrd hot-wire 
dexeaor. 

** Carrier gas: He_ tie s.a&i\<ty. clYml&torY~ detector_ 
l *- Ch-icr gas: He. Nomral sensitivity (2!30 mA, 95°C). Gow-Mac hot-wire detector. 
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Fig. 5. Calibration graphs for Hz_ Low and normal sensitivity. 

of their results and those of other investigators using similar instruments is shown in 
Table I. Although some agreement can be found in the rest&s, there is, as yet, not 
enough published work on relative responses to show the extent to which the claimed 
reproducibility exists. 

The resulting response factors were tested against a synthetic blend at known 
composition of Hz, CH,, CO and COz. Five analyses cf the same blend were run at a 

Fig. 6. Response factors for Hz. Reference factor: nitrogen = 1.0. Low and normal sensitivity. 
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sample pressure of 350 torr with the I-ml sampling loop. The detection was performed 
with the normal sensitivity setting of the k&&atom&et_ The resulting average values 
are presented in Table II_ Based on the specified true molar percentages, the relative 
error is not higher than 2.6 oA in the worst instance 

TABLE II 

ANALYSIS OF SYNTHETK BLEND 

Normal sensitivity_ Sample valume: 1 ml. Total pressure: 350 torr. 

GQ%- Tnre n-z&u T& Observed nm!ar y; 7: Error 

25.70 25.35 2-6 
18.32 18.53 1.1 
2234 21.79 2.5 
33.54 33.32 1.0 

CONCLUSION 

When injecting small amounts of gases into the gas cbromato_mph the relative 
responses provided by the katharometer are significantly influenced by the sensitivity 
of the detector_ At Iow sensitivity, the response factors vary with the amount of 
compound injected, but at normal sensitivity the relative responses for all the gases 
considered except Hz are constant with respect to the reference. In contrast the response 
factor for Hz is very sensitive to the carrier gs flow-rate, as its calibration graph is not 
liuear with respect to the reference. Close control of the carrier gas flow-rate is there- 
fore strongly recommended. 

ACKNOWLEDGMENTS 

The authors are indebted to the Ministry of Education of Quebec and the 
Ministry of Fisheries and Environment Canada through the Enfor program for tiau- 
cial support. The Noranda Fellowship awarded to C. Roy during the course of the 
work is gratefully acknowledged. 

REFERENCES 

1 E. F. Biury. cclculotion of Response Factors for the Thermal Conductivity Detector in Gas C’hro- 
rmttagraphy, ?h.D_ Thesiq University of Rhode Island. 1970_ 

2 k Jaik, Jm Ckromatogr_, 54 (1971) 3X_ 
3 R_ L_ Grab (Editor). Itfcahn Pructice ofGus Chom~~ugraphy, Wiley, New York, 1977. 
4 G. R. Jamicsm, J. Chromatogr_, 3 (1960) 46%. 
5 W_ k Die= J_ Gnr Chromatogr_, 5 (1967) 68. 
6 W. A. Dicb, J. Chromogr_ Sci., 10 (1972) 4233. 
7kE_M-, D. M. Rosic and P. A. Argabright, .&a!. Chem., 31 (i959) 230. 
8 R. L. Grab, D. Mercer, T_ Gribben and J. Wells. J_ Chromtogr_. 3 (1960) 545. 
9 C. L. GuiUesnin. J. Vermont, P. Jw~on, P. Fesradini, A. Artur and A. Peyron, 1. Chromtogr- 

Sk. 9 (1971) 155. 
10 P. BQ&~ and J. Now&, J. Chromarop_, 51 (1970) 375. 
11 F. C. Strong III, Anal. Cknz~. 51 (1979) 298. 
12 J. Not-;ilr and J. Jan&k. Collect. Czech. Chem. Conmm 35 (1970) 212. 
13 C. L- Guilkmin. M. E Auricourt, J. du Crest and J. Ver&mt. J_ Chro.marugr_ Sri.. 7 (1969) 493. 
14 J. EL Pumsil and L. S_ Ettrc, J_ Gar Chrommgr., 3 (1965) 69. 
15 J_ E. At&i& C_ M. Boyd and A. S. Meyer, Amzl. Chem., 37 (1965) 1543. 


