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Abstract—Thermal conductivity detector for use in gas 

dynamic express-analyzers and high-speed chromatography 

systems is being developed by chemistry department in 

cooperation with other Samara University departments. 

This article is devoted to investigating the effect of 

temperature on detector sensitivity. Silicon underlying with 

resistive chromium layer was used as a sensitive element of 

the detector. The temperature dependence of the sensitive 

element resistance was defined for different chromium film 

thicknesses. The film thickness which provides the highest 

sensitivity of the detector was found. Also optimal output 

channels configuration in the gas chromatograph detector 

was determined. It provides uniform temperature fields 

distribution at constant gas-flow rate.  

 

Index Terms—thermal conductivity detector, sensitive 

element, element resistance, film thickness, output channels 

configuration, temperature distribution 

I. INTRODUCTION 

Gas chromatography is a method of separation and 

physicochemical analysis of substances based on 

substances movement along the sorbent layer in the 

mobile phase flow. Because of different degree of 

substance solubility, some components are retained in the 

stationary phase and some pass through the 

chromatograph column. Then substances are registered 

by the detector.  

One of the major trends in chromatography is that 

capillary columns are becoming more and more widely 

used at present, since analysis time could be considerably 

reduced. Capillary chromatography requires high 

sensitivity and speed of response, and also a small 

volume of measuring chamber of detector [1].  

Another trend in modern instrument making is 

miniaturization. Small dimensions and weight of 

analytical devices and rapidity of analysis make on-site 

testing with gaining results in real time possible. It is a 

great advantage of microdevices as it allows to reduce the 

probability of the sample change during its storage and 

transportation. Saving of time and cost of sample 

conservation and transportation is another benefit [2].  
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Detector is an important chromatograph element that is 

needed for measuring the concentration of substances. 

The operating principle is based on dependence of 

materials resistance from temperature change. With the 

change in gas flow thermal conductivity, such as when 

organic molecules displace some of the carrier gas, 

quantity of heat is removed from sensitive element 

increases. It leads to a temperature change, and hence the 

electrical resistance of the sensitive element. A signal in 

the form of a potential difference (voltage) appears in the 

circuitry. The signal is proportional to the concentration 

of an analyte in a carrier gas [3]. 

 

Figure 1. Detector construction: 1 – inlet, 2 – outlet, 3 – working 
chamber, 4 – fixing hole. 

Out of more than forty different types of detectors in 

gas chromatography thermal conductivity detector is the 

most widely used detection system in general gas 

analysis and in environmental testing due to it simplicity 

and robustness. Also, this detector is not as sensitive such 

as the flame ionization detector. However, unlike flame 

ionization detector, thermal conductivity detector has 

nondestructive character of substance analysis [4]. 

Moreover, the thermal conductivity detector is uniquely 

suited for miniaturization, since it is sensitive to the 

concentrations of substances in the mixture, not the total 

mass of a sample [5]. Thermal conductivity detector is 

being developed at Samara University (Fig. 1). For better 

sensitivity influence of temperature, pressure and other 

chromatographic process parameters should be 
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eliminated. If it’s impossible, these parameters should be 

constant during all analysis process. Sensitivity of 

detector is several times higher in the constant 

temperature mode [6]. 

II. THE RESISTANCE-TEMPERATURE DEPENDENCE OF 

THE SENSITIVE ELEMENT 

Silicon underlying with resistive chromium layer was 

used as a sensitive element of the detector (Fig. 2). 

Chromium layer was deposited by magnetron deposition 

method. Then copper contacts were formed on the 

resistor surface. 

 

Figure 2. Three-dimensional model of the detector sensitive element: 1 
– copper contacts; 2 – chromium layer ; 3 – solder; 4 – contact wire;  5 

– silicon underlying. 

 

Figure 3. Photo of the sensitive element. 

The temperature dependence of the sensitive elements 

resistance was defined for different chromium film 

thicknesses (Fig. 3). It was found that the film thickness 

of 20 nm provides the highest sensitivity of the detector, 

since it ensures greater resistance change at the 

temperature changes by 1 degree (Fig. 4). 

 

Figure 4. The temperature dependence of the film resistors resistance 
for chromium layer thicknesses 10, 20, 30, 40 nm. 

Another factor affecting the results of the 

chromatographic analysis is temperature fields 

distribution in the gas chromatograph detector. Output 

channels configuration in the gas chromatograph detector 

should provide uniform temperature fields distribution at 

constant gas-flow rate [7]. 

III. OUTPUT CHANNELS CONFIGURATION IN THE GAS 

CHROMATOGRAPH DETECTOR  

The purpose of research is temperature fields 

computation in the gas chromatograph detector at using a 

mixture of air and hydrogen (Cv_H2=10%, 90%) for 

different output channels configuration at constant gas-

flow rate F=100 ml / min. 

According to the requirements of the carrier gas for 

thermal conductivity detector, the thermal conductivity 

coefficient of the carrier gas must be much larger than 

that of the sample. The thermal conductivity coefficient 

of H2 and helium are all relatively large, but H2 as a 

carrier gas is more economical and widely used [5]. 

A plate (20х20 mm) covered with a layer of chromium 

(thickness up to 100 nm) is attached to detector. 

Electricity (I=2 ma; U= 10 V). Heat flow through a plate 

q=50 W/m2. Inlet pressure – 110 kPa. Outlet Pressure – 

100kPa. 

The thermophysical properties of air-hydrogen 

mixtures (Cv_H2=10, 90%) were determined (Table I).  

TABLE I. THE THERMOPHYSICAL PROPERTIES OF AIR-HYDROGEN 

MIXTURES (CV_H2=10, 90%) 

Mixture 
parameter 

Unit of 
measure 

Cv_H2 = 10%;  
Cv_air = 90% 

Cv_H2 = 90%; 
Cv_air = 10% 

density kg/m3 1,135 0,206 

heat capacity J/kg K 1142,98 6213,17 

flow rate kg/s 1,895 10-6 0,344 10-6 

viscosity kg/m s 1,7894 10-5 8,96 10-6 

heat-conductivity 

coefficient 

W/m K 0,0242 0,0172 

 

Three-dimensional models of the gas duct for 

configuration with two and four output gas channels were 

built in SolidWorks (Fig. 5-Fig.6) [8], [9]. 

 
Figure 5. Three-dimensional model of the gas duct with two output gas 

channels. 

 
Figure 6. Three-dimensional model of the gas duct with four output gas 

channels. 

306© 2017 Int. J. Mech. Eng. Rob. Res.

International Journal of Mechanical Engineering and Robotics Research Vol. 6, No. 4, July 2017



 

Figure 7. Temperature fields for configuration with two output channels 

(Cv_H2=10%). 

 
Figure 8. Temperature fields for configuration with four output 

channels (Cv_H2=10%). 

 
Figure 9. Temperature fields for configuration with two output channels 

(Cv_H2=90%). 

 
Figure 10. Temperature fields for configuration with four output 

channels (Cv_H2=90%). 

Then the finite-element mesh was imposed using 

ANSYS Meshing. Mesh element size is 0,65 µm, amount 

of elements in model is 10,7 million. 

Temperature fields calculation was made by means of 

ANSYS for different output channels configuration and 

mixtures (Fig. 7-Fig.10) [9].  

Table II shows ranges of temperature for different 

mixtures and output channel configurations. 

TABLE II. TABLE OF TEMPERATURE RANGES 

Mixture T, K Configuration 

2 output  

channels 

4 output  

channels 

Cv_H2 = 10%; 

Cv_air = 90% 

Tmin 300 300 

Tmax 310,9 302,9 

Cv_H2 = 90%; 

Cv_air= 10% 

Tmin 300 300 

Tmax 314,6 312,7 

 

Optimization parameter allows to compare different 

configurations of output channels (Table III).  

TABLE III. TABLE OF OPTIMIZATION PARAMETER VALUES 

Mixture 
Optimization 

parameter 

Configuration 

2 output 

channels 

4 output 

channels 

Cv_H2 = 10%; 

Cv_air = 90% 

min

max

T

Т
 

1,0363 1,0096 

Cv_H2 = 90%; 
Cv_air= 10% 

min

max

T

Т
 

1,0486 1,0423 

IV. CONCLUSIONS 

1. The highest sensitivity of the detector is provided by 

film thickness of 20 nm. 

2. More uniform temperature distribution detector is 

provided by configuration with four output channels. It 

also allows to reduce the maximum temperature in the 

detector which is important to provide the sensitivity of 

the device. 

The next stage of the research will be prototyping gas 

chromatograph detectors with different configurations of 

the output channels and carrying out the experiment. 
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