RPC GAS RECOVERY BY OPEN LOOP METHOD
                                                                      INTRODUCTION
                                   Radiation Detectors in general and RPCs in particular  use mixture of gases as dielectric medium .A precise combination and ratio of component gases is maintained to  enhance performance of RPC. Mixture of gases with  Freon R134a, Isobutane ,Argon and Sulphur Hexa fluoride as  components  gases in various concentration  is most  commonly used.  Even though  the gases participate in radiation detection   none are consumed in the process . However ,a small fraction  may undergo a permanent chemical change and  does need to be replaced. 
                            A small flow of gas mixture is to be maintained to flush out contamination , it is usually  equivalent 4 to 6 volume changes  per day. The gas mixture , after its passage through a RPC is discarded and let into atmosphere. This practice  is apparently very convenient for few  RPCs. But when the number of RPC is large, the quantity of gases thrown out  assumes large volume and this poses following problems :

1) Cost of gases:  .            Some of the constituent gases are very expensive. Exhausting them to atmosphere  will contribute to running cost. Typically  RPC having  of 2mX2m size detectors  will  use 150 gm of  Freon per day which is equivalent to US$ 3.5 at prevailing  prices. Running cost of  set of  RPCs , therefore could become prohibitively 

2) Pollution :                    Hazardous and Toxic  gas products  may be generated.( Table (1) ) due to 
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       corona discharge inside RPC.The  toxic
  radicals are harmful to health and unsafe                                                        
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                                 to be let out without adsorbing or  
                                 converting in to safer compounds .

RPC exhaust  contains SF6 and Freon R134a which have Global Warming Potential (green house effect- Table (2))  22400 and 4200 times greater respectively   than Carbon Dioxide. They are highly stable and  remain in atmosphere for very long time, closer to ground. 
 3) Storage Hazards:           Large space is needed for storage of gas cylinders to cope up with consumption. Near detector bank, space is at premium.

 4) Pressure Instability :      If gas mixture is  discharged into atmosphere, RPC pressure regulation  system gets affected by changes in  atmospheric pressure. 

 5) Performance      :      To minimize vent loss , number of volume changes are always kept to bare minimum, and  might result in degradation of performance.   
                                        A solution to above mentioned  problems is to  reuse of exhausted gas mixture from  RPC detectors. Presently closed loop technique is  the only  available method  for this purpose. In this method RPC exhaust  gas mixture is re-circulated with elaborate pressure /flow controls system . In –situ gas analysis is performed ,unwanted components are removed  and lost quantities are topped up . This is very effective technique but as  equipment involves extensive instrumentation, it is too  expensive for  laboratory  scale setup . As an alternative to re-circulation method  Open Loop method is being developed. Yield  in the range of  95% and purities of 1000 ppm  are targeted  in the initial phase.
                                                          PRINCIPLE OF OPERATION
                                      In this method gases are separated, purified , stored and reused.. Separation of gases from the mixture is accomplished by using differences in their physical and chemical properties. Table (2)  lists important properties  of  commonly used RPC gases and the differences in their properties are quite evident . For example :  Isobutane  and  Freon R134a  can be liquefied at temperatures above -30°C , whereas Argon and SF6 are  still in gas phase at that temperature. R134a is a highly  saturated compound but  isobutane retains  substantial chemical affinity. In gas phase SF6 is 2 ½ times heavier than Argon .
                                                                 Table 2 : Important Gas Properties

	PROPERTY
	UNIT
	R134a
	ISOBUTANE
	ARGON
	SF6

	MOL. WT
	
	102.3
	58.12
	39.948
	146.05

	STRUCTURE
	
	RING
	RING
	------
	RING

	GAS DENSITY
	Kg/M3
	4.25
	2.82
	1.78
	6.27

	LIQUID DENSITY
	Kg/M3
	1206
	593
	
	1880

	VISCOSITY
	cP
	0.012
	0.006
	0.02
	0.015

	BOILING Pt.
	°C/ 1Bar Abs
	-26.3
	-11.7
	-185.8
	TRIPLE PT:

-49.4 °C @ 2.2Bar

SUB. PT: -63.9°C

	HEAT OF

VAPOURIZATION
	KJ/MOL
	22.021
	23.300
	6.43
	23.681

	CRITICAL TEMP.
	°C
	101.1
	134.9
	-122.13
	45.5

	CRITICAL PRESS.
	BAR A
	40.6
	36.84
	48.98
	37.59

	GLOBAL WARMING

POTENTIAL
	CO2=1
	4200
	-----
	-----
	22400

	PURITY  LEVEL USED
	%
	99
	99.9
	99.999
	99.9

	IMPURITIES
	
	O2,H2O

N2,CF4
	CH4,H2,H2O,N2
	N2,O2H2O,HC
	H2O,O2,CF4


                            Differentials between  characteristics of gases  are employed to separate gases from one another and purify for reuse. At first Isobutane and R134a are separated by condensation . The suitable temperature- pressure  for condensation is given by  Clausius- Clapeyron Equation for boiling point of Vapour-Liquid system is given below: 
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            Where: 

                                                    TB        :      BOILING POINT, °K

                                                     R         :      IDEAL GAS CONSTANT, 8.314 J/°K-mol

                                                     P0       :      VAPOUR PRESSURE OF GAS AT GIVEN 

                                                                       TEMPERATURE, KPa ABS.

                                                 ΔHVvap :      HEAT OF VAPOURIZATION, J/mol

                                                      T0      :      GAS TEMPERATURE

                            Based on the data from Table (2)   for  Isobutane and R134a , Pressure and   liquification temperature curves are plotted ( fig. 2) The curve represents vapour-liquid transitions with reference to partial pressures and temperatures. If a working point lies above  the curve, liquid phase  exists in equilibrium with gas phase . For any point below the curve , no liquid can exist. 

                             During  separation of  condensable gases parameters such as  the pressure ,  temperature and surface activation  are maintained in such way that only one gas is adsorbed , condensed and trapped . For isobutane this temperature is typically -13°C at 0.5 Bar. After removal of isobutane the residual  gas mixture  flows to next  zone where conditions (-26°C and 0.5 Bar ) are set for  Freon R134 to condense. Liquified  Freon is in equilibrium with gas at partial pressure of 1 Bar @ -26°C.  The gas mixture  coming out of fractional condensation column   is concentrated in    non-condensable gases such as Argon and SF6  with washed off    vapours  of condensed  gases .                                                               
                 In the next stage Argon +SF6  mixture is allowed to settle under low turbulence condition . As  densities  ( refer Table (2)) of Ar and  SF6 are quite different , heavier gas (SF6) settles to bottom of  tank . Argon is collected from top.  Argon is subsequently  adsorbed  in column of molecular sieve type 4A. For  . When dealing with  small quantities of gas a batch purifier ( with low purge loss)   is recommended. . For continuous recovery of large flow rates  of Argon ,dual column  Tandem operated purifier  is suitable. In either case molecular sieves are  regenerated by thermal swing. 
              Remaining volume of gases  consists of traces of SF6 and of condensable gases. It may be discharges in to atmosphere or  sent to cracking furnace for chemical breakup ( which may be plasma assisted)  , passed through  activated carbon to trap and/or chemical scrubber.. 
                                                                     EQUIPMENT
    A) Separation of gases :     Process equipment employed for open gas recovery consists of  a) Gas purifier ( Fig. (3)) and  b) Gas condenser (Fig. (4)). The gases coming out of RPC enter the purifier unit through a isolation bubbler which serves as flow counter. The gas  flows further into a chamber which provides capacitance to compensate fluctuations in flow rates. An impedance in form of micro-bore capillary connects the gas to receiver chamber maintained at  700 mBar Absolute Pressure (vacuum) . Capillary impedance regulates flow into receiver and does not allow to develop negative pressure inside RPC. A safety outlet is provided in form of a bubbler to avoid backpressure built-up inside RPC. The vacuum column is charged with activated alumina which reacts with and  fixes  radicals present in the gas stream (Table (2)). Oil free diaphragm pumps gas mixture from vacuum column and feeds it to Pressure chamber. Vacuum chamber is fitted with a vacuum transmitter and switch set at 690 to 710 mBar Abs. The pressure chamber is also equipped with a pressure transmitter and switch set at 1.5 to 1.6 Bar Abs .Pressure chamber also contains molecular sieve type 3A to remove water vapour down to 2 ppm. 
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                                        Gas mixture flows into refrigerated  chamber where two columns  are maintained at -13°C and -26°C respectively . Danfoss make compressor model SC12 CL with Freon R404 is used to create source temperature of -35°C. First column contains activated Pallidium Catalyst ( on Alumina). Adsorption  surface is typically 200 sq. mtr / gm. . Isobutane is extracted  to 10 ppm in this column. Second column contains  copper granules and is maintained at -26°C. Freon  condenses in this column. A check valve  adjusted at  1.5Bar absolute pressure  is placed at the outlet on the gas line. This valve maintains sufficient back pressure essential for condensation. 

                                              Overflow gas  returns to purifier and enters Argon extraction column. Here Argon ( in absence of moisture) is absorbed in Molecular sieve type 4A. This column is to be  thermally regenerated for removal of adsorbed Argon. Residual gas  is settled in a container with activated carbon . At lower end SF6 is tapped out for further concentration and recovery. The un recovered gas flows out to vent exhaust Though  indicator- cum – isolation bubbler. 

                                        All columns except activated alumina are to be regenerated after a certain usage, time of which depends on concentration of gases. Activated alumina needs to be replaced as it gats consumed in the process of cleaning of radicals.
             B) Reuse of  Extracted Gases :   Isobutane and Freon R134a are collected at -13°C and -26°C in their respective columns. To transfer the liquids in to their containers  a sequence of valve operation is carried out. Valves are all metal solenoid type suitable for low temperature application.  At start a valve located inside refrigerated chamber is opened . At same time release valve connecting  transfer chamber outlet to Vacuum chamber is also opened . Under a pressure differential liquefied gas flows into insulated transfer chamber. After few seconds both valves are closed. 
                                                                   Insulated chamber is heated to about  27°C( +10°C above room temperature )  by electric heaters. Pressure measuring about  4 Bar Abs ( For isobutane) and 7 Bar Abs ( for R134a) develops  inside transfer chamber(s). At this point , solenoid valve  connecting transfer chamber to liquefied gas container is opened. Gas pressure inside container is  3 Bar Abs ( Isobutane) and  5 Bar Abs ( R134a) at 17°C which is typical room temperature.. Under the pressure gradient liquefied gas  flows from transfer chamber into  liquid container.  Lower valve is closed   , and released valve is opened .Evaporated gas  flows back into vacuum chamber  and joins incoming RPC exhaust for next cycle of recovery. 
                                            EXPERIMENTAL RESULTS. 
1)  Volumetric  method for estimating Gas Recovery : 

                        The three identical  bubblers  connected  in  gas stream indicate the amount of flow rate passing through. The  number of bubbles  counted by isolation bubbler  in a  given amount of time  should be equal to  sum of bubbles coming out of safety and indicator bubblers , in absence of  leakage through the system. At this stage refrigeration is started. At around - 24°C , the flow in indicator bubbler starts dropping. As soon as equilibrium is reached between pressure- Vacuum and temperature  the flow in the indicator bubbler drops to less than 10% of its original value. The measurement indicates that  more than 90%   gas is being collected inside recovery system . As there is no pressure increase collected gas must be in liquid phase.

2) Isobutane measurement. : Isobutane content in the gas mixture is about 1% to 5%. Removal of isobutane , therefore does not significantly change the total volume of gas. Matheson gas detector model 8057 with minimum 100 ppm sensitivity  for isobutane was used to estimate presense  of isobutane at test points during its passage through the recovery system. It is found that Isobutane was completely absorbed by Activated carbon . It found that isobutane is completely extracted to from 1% to 100 ppm by condensation.
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EXTREMELY  TOXIC ,  TLV: < 1 PPM
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REACTS WITH TRACE  HYDROGEN TO PRODUCE H2S
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  HIGHLY CORROSIVE FOR METALLIC PARTS.





                Table (1)  CORONA  DISCHARGE RADICALS


                                               OF   SF6 GAS                                                                                                                         
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