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Plan of talk  
o Gas Recovery System :

Open Loop System (Fractional Condensation Method)

o Tool for analysing gas
RGA (Residual GasAnalyser): 

Some  results

o Closed Loop system :
Some  results

o Conclusion



Present loop: Flow  0f gas mixture
(Discharged into Atmosphere) 



Requirement of gases in ICAL

Å Total number of RPCs in ICAL = 3 × 150 ×64 = 28,800

(No. of modules x No. of layers x No. of RPCs in each Layer)

Å Total gas volume = 28,800 × 184cm × 184cm × 0.2cm = 195,010 litres

Å For ex: One volume change/day 

Gas Avalanche                     
(%)

Streamer

(%)

Maximum

(%)

Volume

(L)

Density

(g/L)

Weight

(Kg)

Argon 0.0 30.0 30.0 58,503 1.784 104.4

R134a 95.5 62.0 95.5 186,235 4.25 791.5

Isobutane 4.3 8.0 8.0 15,601 2.51 39.2

SF6 0.2 0.0 0.2 390 6.16 2.4



NEED FOR GAS RECOVERY system

GAS MIXTURE CONTAINS HAZARDOUS COMPONENTS 

PROBABLE BREAKUP GAS COMPONTS AT THE OUTPUT OF RPC 

:S2F10, HF, SO2F2 etc  and TOO TOXIC TO BE LET OUT WITHOUT 

SCRUBBING       

CHANGES IN ATMOSPHERIC PRESSURE AFFECT THE 

PERFORMANCE 

HIGH RUNNING EXPENSES :  if we let the gas into atmosphere, so 

AIM is to :

×TO RECOVER ATLEAST 90% OF GAS FOR REUSE IN FIRST PHASE

×TO MINIMISE CROSS CONTAMINATION IN SEPARATED GASES

×TO REDUCE  GAS EMISSION  TO 0.1% OF NET VOLUME



Closed Loop System  ?

ÅRPC exhaust gas mixture is re-circulated with 
an elaborate pressure/flow control system. In 
situ gas analysis is performed, unwanted 
components are removed and lost quan- tities 
are topped up. This is a very effective 
technique, but as equipment involves 
extensive instrumentation, it is too expensive 
for laboratory scale setup.



Properties of Gases

PARAMETER UNIT R134a

(C2H2F4)

ISOBUTANE

(C4H10)

ARGON

(Ar)

SULPHUR HEXA 

FLUORIDE(SF6)

MOL. WT gm/mole 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 1400 1880

VISCOSITY cP 0.012 0.006 0.02 0.015

BOILING Pt. C -26.3 -11.7 -185.8 TRIPLE PT: -49.4, 

2.2BAR

SUB. PT: -63.9

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 PRESSURE BAR A 40.6 36.84 48.98 37.59

GLOBAL WARMING 

POTENTIAL

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

PURITY  LEVEL USED % 99.8 99.9 99.999 99.9

IMPURITIES O2,H2O

N3,CF4

CH4,H2, H2O,N2 N2,O2,H2O,H

C

H2O,O2,CF4



CATALYSTS   AND  ADSORBENTS

ü MOLECULAR SIEVES : [ TRAP GAS MOLECULES OF PARTICULAR SIZE]
[ Soduim + Potasuim + Calcium + Aluminum Silicate are used in  different  proportion to formulate the 
following sieves ]

TYPE 3A TO TRAP MOISTURE [ 23% w/w -Maximum]
TYPE 4A  TO TRAP ARGON  [Absence of moisture] 
TYPE  5A TO TRAP   n BUTANE 
TYPE 13X TO TRAP OIL VAPOURS
Activated Aluminum( to remove radicals F-,HF etc.)

ü CATALYST              ACTIVATED ALUMINA + PALLADIUM  TO PROMOTE   
CONDENSATION OF ISOBUTANE (Adsorption surface~200 Sq.mtr /gm)

ACTIVATED CARBON TO ADSORB ISOBUTANE 

ZIRCONIA BASED ZEOLITES (ZSM) TO PROMOTE     
ISOBUTANE ςn  BUTANE CONVERSIONS

ü SILICA GEL: Wide Range of pore size, good for water adsorption (Chemically bonds 
Water)  



PARTIAL PRESSURE ïTEMPERATURE 

RELATIONSHIP OF  VAPOUR-LIQUID SYSTEM

CLAUSIUS ïCLAPEYRON EQUATION FOR BOILING POINT
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VAPOR PRESSURE OF GASES
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temperature goes up and efficiency of condensation goes down so cu-plates, cu-

collecting jars are used in the condensation unit.







Plasma DISSOCIATION of SF6

ÅTHE INTERACTION IS :

SF6 +e- = SF2 + 4F (1)

ÅFLUORINE ,THE PRODUCT OF PLASMA PROCESS REACTS WITH 
SILICON PLACED ON GROUND ELECTRODE  AS :

Si + 4F = SiF4 

ABOVE REACTION IS  REVERSIBLE, AND SiF4 IS A GASEOUS 
PRODUCT. 



Proto-type Gas Recovery System



RGA :Vacuum Analysis Mass Spectrometer

Stanford  Research Systems

Dual Thoriated-Iridium Filament

RS-232c Interface



RGA Operation



PEFIER VACUUM 
Benchtop Station with high pumping speed

Ultimate pressure < 10-8 mbar

DCU allows control and diagnostics

of pumping station

Pumping Speed N2=60L/s

Dry and Oil-Free!
DCU 001

TMH/U 071 MVP 015-2

Turbo-Drag Pumping Station



RGA Experimental Set-up



Fine Tune Needle Valve

Controls the fine flow  of Gas in the RGA operating range [1.2 X10-5 to 8.2 X10-5 ]mbar 

Input flow

Out flow

Fine 

tune





Comparison of R134a (Domestic and Imported (Praxair))



R134a

33 100

69 37.84

83 21.22

31 12.48

51 9.17

30 4.86

68 4.58

63 4.58

32 3.44

i-C4H10

43 100

41 50.68

42 49.77

27 31.32

39 17.70

40 12.66

26 11.15

29 6.64

15 5.19

SF6

127 100

89 27

108 9

51 8

54 7

70 5

32 5

35 5





ORDER OF FRAGMNET NOT SIMILAR TO STANDARD DATA

Freon Data for 8400 scans

RPC OUTPUT DATA



R134a
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i-C4H10
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SF6
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Comparision of RPC input and output gas
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RPC AB13 in close loop
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Conclusion

ÅSuccessfully able to separate and recovery the gases.   

ÅLot more work need to fine tune the system. 

ÅRGA tool performance is very good

ÅMore study required on analysis 

ÅThe gas going to the RPC and that coming out of RPC 
which has contaminated radicals  ?? (NOT SEEN ANY 
~one month)

ÅMajor problem of  Air (leak) entering into  Recovery 
system /Closed Loop system need to be addresed , 
before doing further  tests. 



THANK YOU
INO -TEAM


