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Abstract : Determination of impurities in helium bond gas of FBTR fuel pins is one of the important

aspects in the chemical quality control of fuel materials. This analysis is being carried out with

the help of Varian make, model 3700, gas chromatograph equipment.  This instrument has been

operational for more than forty years now. Due to ageing, break-down frequency of equipment

has increased drastically. Due to non availability of spare parts as well as services from the local

suppliers, it is being maintained by the equipment electronics services group of Radiochemistry

Division, RC&I G. This necessitates deep understanding of the principle of the equipment, all the

logic and control PCB drawings and the operational procedure. The present report gives an

overview of analytical technique of gas chromatography and specifically describes the challenges

faced in the maintenance of the instrument.
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Abstract 

Determination of impurities in helium bond gas of FBTR fuel pins is one of the important 

aspects in the chemical quality control of fuel materials. This analysis is being carried out 

with the help of Varian make, model 3700, gas chromatograph equipment.  This 

instrument has been operational for more than forty years now. Due to ageing, break-down 

frequency of equipment has increased drastically. Due to non availability of spare parts as 

well as services from the local suppliers, it is being maintained by the equipment 

electronics services group of Radiochemistry Division, RC&I G. This necessitates deep 

understanding of the principle of the equipment, all the logic and control PCB drawings 

and the operational procedure. The present report gives an overview of analytical 

technique of gas chromatography and specifically describes the challenges faced in the 

maintenance of the instrument.  
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1.  INTRODUCTION 

Gas Chromatography (GC) is an analytical method used for separating and analyzing each 
individual compounds that can be vaporized into a gaseous state from any given sample 
solution. The sample solution is injected into the instrument that enters a carrier gas stream 
and is transported to a separation tube known as “column”. Carrier gas, generally helium or 
nitrogen, is used to carry the gas from the sample port to the column and then the detector. 
Similar to a HPLC instrument, a GC instrument is composed of several components.         
The components include a gas pressure and flow regulator, an injector, the column, and the 
detector.  The carrier gas must be regulated at a constant flow and pressure. The carrier gas 
system includes pre-filters to remove water and other impurities. Several types of detectors 
can be used in GC for quantification of separated gaseous species. However, the simplest of 
them, the thermal Conductivity detector remains as the most viable and important tool in 
quantifying a variety of inorganic natural abundant gases, such as hydrogen, helium, neon, 
oxygen, nitrogen, carbon monoxide, methane and carbon dioxide and other major 
constituents in chemical mixtures. Thermal conductivity is a physical property of the matter. 
It is a measure of ability of the material to transfer heat from one surface to another. In gas 
chromatographic application, the transfer is the difference in the ability of the gaseous analyte 
to conduct heat as compared with the column carrier gas.  

This difference is converted into a measurable signal and used for quantitative estimation of 
the analyte. The schematic diagram of the Varian 3760 Series Gas Chromatograph instrument 
is shown in (Fig.1) [1]. 

Equipment:  

The series 3760 Gas Chromatograph instrument (Fig.2) is a modular, dual-column instrument 
comprised of the basic unit to which a broad range of optional modules may be added. Since 
the instrument is being used to determine impurities in helium bond gas of FBTR fuel pins, it 
is equipped with a Thermal Conductivity Detector (TCD). The column of the GC could be 
varied (replaced) by opening the column oven door (Fig.3). For better sensitivity and 
separation, each part of the equipment like sample injection port, column and detector have to 
be maintained at different temperatures and each heated zone (injectors, detectors, column 
oven) is insulated to minimize heat-transfer between the zones. The temperature of each 
heated zone can be controlled independently. A packed zeolite column in 1/8 inch SS pipe 

with length of 5 m is installed in the system. This column could be heated up to 250C [2], 
therefore care has to be taken during raising the temperature of column oven (ramp rate) such 
that temperature should not exceed set value.  The TCD output signal was connected to the 
dot matrix recorder cum printer.  

The present equipment is operational for more than forty years. Due to ageing of the 
equipment, break down frequency has been increased drastically. Moreover, local supplier 
has rejected maintenance contract. Being very old, the model has become obsolete and the 
original manufacturer also stopped supplying spare parts for this equipment. Hence, the 
electronics group of RC&IG took up the challenge of maintenance and repair of this 
instrument. Due to non availability of spare parts in the market, it is very challenging job to 
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understand in the logic behind each and every step in the control PCB cards and interlocks 
and maintaining the equipment with existing spare parts. The present report describes briefly 
about equipment, operational procedure and challenges faced in the maintenance of the 
equipment.     

1.1.  Operating Procedure 

Procedure: Fuel pin is taken to inside the glove box. The pin is loaded into the puncture 
assembly and evacuated to 10-2 mb [1] with rotary pump.  After that Leak test is carried out 
by isolating the system from the evacuation system, rotary pump.  A vacuum of                   
0.1 mm Hg (0.1 torr) should hold for at least 10 minutes. The entire system is evacuated for 
about 60 minutes to remove surface adsorbed gases like moisture and other gases. System is 
isolated from the evacuation system, the pin is punctured with the punching tool and the 
released gas pressure is measured with a capacitance manometer.  Small amount of the 
released gas is then taken into the cavity of the GC and injected into the column. The 
spectrum is recorded using a computer coupled to the instrument. Standard helium gas 
containing known amount of impurities like hydrogen, oxygen, nitrogen, methane and carbon 
monoxide is taken into the system. Pressure of the gas is adjusted close the pressure of the 
sample gas by isolation and expansion method. Again, gas chromatogram is recorded as 
mentioned above. From the peak areas of sample as well as helium gas standard, 
concentration of impurities is calculated.  

1.2.  Working Principle of the Detector 

The thermal conductivity detector has a very simple hardware and associated electronics. It 
works on the principle of Wheatstone bridge with two arms having fixed resistance. The 
other two arms consist of two cells, one for the pure carrier gas and the other for the carrier 
gas mixed with the sample to flow through. Whenever there is change in thermal conductivity 
relative to the carrier gas due to the presence of analyte gas, there will be a change in the 
resistance of the cell containing the sample. This will result in flow of current across the 
bridge, which is proportional to the concentration of the analyte. 

2.  INSTRUMENTATION 

Gas chromatography instrument at RC&IG is mainly composed of the following parts:- 

2.1. Carrier Gas in a High-Pressure Cylinder with Attendant Pressure Regulators and 

Flow Meters. Helium is Used as Carrier  

 Because of its high thermal conductivity relative to that of most inorganic gases 
and its inert nature. 

  The Carrier gas from the tank passes through pressure regulator, and a pressure 
gauge (1-4 atm). 
 The gas flow is maintained at a constant rate of 30 mL/min. It is crucial to 
maintain a constant flow rate as calibration of the instrument is strongly dependent 
on the flow rate.  
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2.2.  Sample Injection System 

 Gaseous samples are injected using a by-pass loop and valves. 

2.3.  The Separation Column  

 The column of the gas chromatograph is 1/8” dia and 5 m long SS tube packed 
with zeolites of finite pore size. The tube is coiled to a spiral shape. 

2.4.  Detector  

 Thermal Conductivity Detector with a dual column configuration is used in this 
instrument. 

2.5.  Printer cum Recorder  

 The flow of current in the Wheatstone bridge is converted to a voltage signal and 
printed using a printer cum recorder. 

3.  MAINTENANCE 

3.1.  Detector Related Problems 

Detector current was showing error display in thermal conductivity controller module when 
Thermal conductivity Detector current was checked in Upper Limit mode. The resistance of 
the bridge was measured and found that the resistance of one of the arm of the Wheatstone 
bridge was open while the resistance on the other side was 120 Ω. In order to confirm this 
problem a dummy bridge was fabricated and installed in the circuit and it was found that the 
instrument was responding properly without any error. Once diagnosed, to rectify the 
problem, the detector assembly was opened and the defective arm of bridge was replaced 
with a spare Re/W filament. 

3.2.  Electronics and Electrical Problem 

3.2.1.  Instrument Switching ON and Tripping  Problems 

a. At one instance, the instrument tripped. It was found that the mains contactor 
contact was damaged due to ageing and sparking. It was replaced with new spare 
one.  

b. In Instrument logic circuit card was act like interlock which checked the module 
status they all are connected. Self latch relay of logic card complete the 24 V 
power path through all the modules .24 V power was not generated due to faulty 
capacitor of 1 uf/440V and 4.7 uf/440V shown in (Fig.6) This self latch relay 
further gives power to main contactor hence main contactor coil was not getting 
power. 

c. Once the instrument tripped and on investigation it was found that in logic circuit 
card, latching relay was used for holding the mains contactor. The latching relay 
and freewheeling diode were found faulty and replaced with new one. 
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d. For the instrument to switch ON, perfectly working interlock systems are required 
in place. A number of interlock systems are there in the instrument like module 
interlock, column interlock, and oven over temperature interlock, TC probe 
interlock. These interlock are completed through a IC CA3086 (transistor         
array IC). At one instance, when the instrument tripped, all other parts were 
working fine. When output of the IC was checked and it was found faulty. It was 
replaced with new one. 

3.2.2.  Electronic Module Problems 

This Instrument have different electronic module (Fig.4) like temperature controller, printer 
cum recorder pneumatic module, mass flow meter and control module and mother board  for 
different functions and modules were manually  operated by thumb wheel and multi contact 
push on-off switches. In temperature controller module the parameter like , select range , up 
down keys for temperature parameter setting  were giving problem due to ageing effect, 
switches creating frequently problems, so switches was replaces with new one.  In readout 
Temperature circuitry (Fig.7) showing abrupt value its giving problem because of in the 
temperature control module Dual Tracking Voltage Regulators IC 4194 was faulty. This rare 
IC no substitute or equivalent IC and other regulator IC also don’t work but after replacing      
IC 4194 its work fine.   

3.3.  Dot Matrix Printer cum Recorder was Replaced with Data Acquisition System 

In the instrument, the dot matrix printer cum recorder was used to print the data for further 
manually processing. The roller of the printer went bad and output could not be printed or 
recorded. Since the instrument (Fig.2) is more than 40 years old and spare parts were not 
available, hence repairing of printer cum recorder was not possible. To rectify this problem 
and to make the system working, a data acquisition system from another old not working 
instrument was interfaced in place of printer cum recorder system. Now the instrument is 
interfaced to a computer, which stores the result and display on the Monitor. 

3.4.  Data Acquisition Problem 

At one instance, the interfaced data acquisition system was not working properly, hanging 
frequently and not transferring the signal to the computer. It was due to the faulty     
MAX232 IC. It was replaced with spare. 

4.  CONCLUSION 

The Gas chromatography at Radio analytical Division is a 40 years instrument mainly being 
used for the determination of gaseous impurities in helium bond gas of Fast Breeder Test 
Reactor fuel pins. The smooth operation of the instrument is possible due to regular 
maintenance and upkeep by the electronics person of EES Section of Radiochemistry 
Division of RC&I Group in association with involved scientists of traces element analysis 
Section of Radio Analytical Chemistry Division working on it. Being very old model and 
obsolete in the commercial market has resulted in non availability of spares and servicing. 
Hence, in-depth knowledge and understanding the role of each components of the instrument 
is crucial for diagnosis and rectification of various problems encountered from time to time in 
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the voltage unit, Detector, Computer and accessories. The instrument is being maintained 
with in-house spares and repaired with minimum downtime.  
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Fig.1.   Schematic Diagram 

 

 

  

Fig.2.  Instrument (GC-3760 Varian) 
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Fig.3. GC Oven Chamber 

 

 

 

Fig.4.   Electronic Modules 
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Fig.5.   Sampling Chamber 

 

 

 

 

Fig.6.   Logic circuit and power control board diagram 
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Fig.7.  Schematic of readout temperature controller 
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