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APPENDICES

Appendix A Calculation for the Methane Consumption

From; An„.r  nH-, - n„,0= ( ^ ) 00 - ( ^ ) 01

where, AnH5! =
n H,t

n H,0
p
T
V
z = 
R

moles of consumed gas for hydrate formation, mol
moles of hydrate at time t, mol
moles of hydrate at time 0, mol
pressure of the crystallizer, atm
temperature of the crystallizer, K
the volume of gas phase in the crystallizer, cm3
compressibility factor
82.06 cm3 atm/mol K

Properties of methane
Critical Temperature (Tc) = 190.45 K
Critical Pressure (Pc) = 4596 lvPa
Acentric Factor (co) =0.00115
Properties of adsorbent
Density of activated carbon = 0.4426 g/cm3
Density of hollow silica = 0.0657 g/cm3

Step 1: To find pressure reduced (Pr) and temperature reduced (Tr) 
Data: Experimental number 1
At time 0, Pressure (P) = 8000 kpa = 78.95 atm

Temperature (K) = 277 K
At time t, Pressure (P) = 7121 kpa = 70.28 atm

Temperature (K) = 277 K



54

Solution;
^  _ T _ 277 K 
Tf=Të= 190.45 K 1.45

At time 0, 

At time ไ,

P _  8000 kpa 
Pr Pc 4596 kpa

_ P _  7121 kpa
Pr_ Pc ~  4596 kpa

Step 2: To find volume of adsorbent (Vads) and volume of gas phase (Vcr) 
Data:
Volume of reactor with reservoir (Vreactor) = 158.63 cm3 
Use activated carbon 10.0053 g 
Weight of adsorbent (Wads) = 10.0053 g

W e ig h ta d s  1 0 .0 0 5 3
Vads= ' =  — 7 7 —  =  2 2 .6 0 5 7  c m 3

D e n s i ty a d s  0 .4 4 2 6

Volume of gas phase = Vreactor - Vads = 158.63 -  22.61 = 135.75 cm3
Step 3 ะ To find compressibility factor (z)
^  _  0 - 0 8 3 - 0 .4 2 2  0 .0 8 3 - 0 .4 2 2
(3° —. Tr1'6 = 1.4516 = ’019

0.139-0.172 0.139-0.172 P' = ^ ^  = - 7 ^  = -6.9x .O-3

T im e  0 ; z =  1 +  p 0^  +  01 |3 ' ^  =  1 +  ( - ° 1 9 ) ( t ^ ) +  ( °  0 0 1 1 5 ) ( - 6 - 9  x  1 0 ‘3) ( I 4 5 )  = 0 -7 7

Timer,.z = 1 + (3°^ + CO เ3' ^  = 1 + (-° 19) ( j ^ ) + (0.00115) (-6.9 X 10 3) ( 7 7 7 )  =0-89 

Step 4: To find the methane consumption 

A % .r nH,'-nH,o= ( s f ) 0 0- ( â t L
_ /  78.95 atm X  135.75 cm3 \ / 70.28 atm X 135.75 cm3 \

\0.77x 82.06 cm3 atm/mol K X 277K/0 0 Vo.80 X 82.06 cm3 atm/mol K x277K/0t

๐
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= 0.6123-0 5264 = 0.0859
So, the methane consumption = 0.0859 mol

The calculation for the methane released has similar step with the methane 
consumption, but the equation is calculated by

A n „ , / n „ , - ทH r  ฒ 0, , - ฒ 0,0

where AnH I =
n H ,t  =

n H ,0

p
T
V
z =
R

moles of released gas from the hydrate
moles of hydrate at tune t, mol
moles of hydrate at tune 0, mol
pressure of the crystallizer, atm
temperature of the crystallizer, K
the volume of gas phase in the crystallizer, cm3
compressibility factor
82.06 cnfratm/mol K

๔X

o
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Appendix B Calculation for the Conversion of Water to Hydrate

From;
Conversion of water hydrates (%)= A n h U  M r a t i o n  n u m b e i  x  I Q Q

ะ ' n H 2 0

where ทH20 = moles of water in the system, mol
AnH J = moles of consumed gas for hydrate formation, mol

Data:
Hydration number of activated carbon = 6.1
ทแ20  = Weight water/ Molecular weight water = 10 g /18 M.w. = 0.56 mol 
AnH I = 0.0859 mol

Thus, conversion of water hydrates (%) = 0 .0 8 5 9  X 6 .1  
0 .5 6

X 1 0 0  =  9 3 . 5 7 %

4X

๐



Appendix c  Calculation for the Percentage of Methane Recovery

From;
%methane recovery= H'T|-- X100(AnH'A;,ld

where (AnHf) = moles of released gas from hydrate during the
hydrate dissociation at any given time 

( AnH I ) = moles of gas consumption for hydrate formation
tend

at the end of experiments.

Data: (AnH |) = 0.0588 mol
(AnH|) = 0.0859 mol

tend

0 .0 5 8 8Thus, %methane recovery = ------- X 100 = 68.45%
7 0 .0 8 5 9
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Appendix D Methane uptake Capacity

Case 1: Convert to mol of gas/ g of dry adsorbent + water
Data: Experimental number 8

Calculate along Appendix A; ÂnH j= 0.0934 mol
Weight of hollow silica (HS) = 1.5032 g
Weight of water -  10 g
Hence,
mol of gas/ g of dry HS + water = 0 10 9 3 ~4 = 0.008119------ im’L°fgaS------1.5032+10 g of dry I IS + g water

Figure D1 Comparison of gas uptake during the methane hydrate formation in the 
systems of HS/H2O/CH4 at 8 MPa and 6 MPa. Time zero in the figure corresponds to 
the first point of hydrate growth.

Case 2: Convert to mol of gas/ g of dry adsorbent 
Data: Experimental number 8 

Calculate along Appendix A; AnH 1= 0.0934 mol 
Weight of hollow silica (HS) = 1.5032 g
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Hence,
mol of gas/ g of dry HS + water 0.0934 ____  mol of gas

1.5032 = 0  0 6 2 1  g of dry HS

Figure D2 Comparison of gas uptake during the methane hydrate formation in the 
systems of HS/H2O/CH4 at 8 MPa and 6  MPa. Time zero in the figure corresponds to 
the first point of hydrate growth.

Case 3: Convert to mol of gas/ volume of dry adsorbent
Data: Experimental number 8

Calculate along Appendix A; AnH 1= 0.0934 mol
Weight of hollow silica (HS) = 1.5032 g
Density of hollow silica = 0.0657 g/cm3

Volume of hollow silica = ———  ~ = 22.8798 cm30.0657 g/cm3

Hence,
mol of gas/ volume of dry HS = 0 ,0 9 3 4  = 0.004082----ra0 l°fgas& 3 22.8798 volumeof dry HS
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Figure D3 Comparison of gas uptake during the methane hydrate formation in the 
systems of HS/H2O/CH4 at 8 MPa and 6  MPa. Time zero in the figure corresponds to 
the first point of hydrate growth.

Case 4: Convert to volume of gas/ volume of dry adsorbent
Data: Experimental number 8
Final pressure = 6876.1 kPa = 67.86 atm
Temperature = 277 K
Volume of hollow silica = 22.8798 cm3

Calculate along Appendix A; Compressibility factor (z) = 0.8542
AnH j= 0.0934 mol

Volume of methane gas nzRT

0.0934 mol X 0.8542 X 82.06 cm3“ K x277K_______________ _ m ol
67.86 atm

= 26.7241 cm3

Thus, volume of gas/ volume of dry HS 26.7241
22.8798■ = 1.1680' volume of gas 

volume of dry HS

©
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