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APPENDICES

Appendix A Sample Preparation Calculations

In this work, several different adsorbents were used in this study, prepared
by incipient wetness impregnation method with two different pore size aluminas
including mesoporous and macroporous aluminas. The metal precursors deposited on
the adsorbents were CuCl2 and NiCl2- To modify the dispersion property, citric acid
(CA) was used as a dispersing agent, with molar ratios of CuCT/CA by 5 and 10,
respectively. The physical properties of those components are listed in Table AT

They were tabulated in order to be used in further calculations.

Table A1 Physical properties of chemical used in sample preparation step

Chemical
ORI o, CUCI2 CUCl NICI2 NICI26HZ) CA
BET surface area (m2/g) 278 194
Pore volume (cm3/g) 0.761 0.674
Molecular weight (g/mol) - - 13445 99.00 129.62  237.62  192.12
Density (g/cm 3) 0914 1.008 3.386 4.145 3.550 1.920  1.665

Al AmountofMetal Precursor (in gram) Calculation

Example: Amount of CuCb (in gram) to be impregnated on m-Al203 vary
by the percentage of CuCl2monolayer coverage on the adsorbent.
Remark: Concentration of metal-containing solution corresponds to CuCl2
monolayer coverage on alumina.

From  CuClmonolayer 0-095 906 ,(Gui et al., 1984)
Vioo mAp,
1 n .2 IN
CuClmonolayer on m-Al2C3 = 0.095 8010 278- m

100 m Al,O, y & adsorbent /
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0.2641- Q0
gadsorbent
0.2641 ouCl mol
gadsorbent  99.00 g
CuClmonolayer 2.668 mmol
akorbent
From  molcuo molfq
mmol
CuClamonolayer 2.668 00,
gadsorbent
mmol
2.668. ¢” -X134.45 gc¢”’
gadsorbent mol g,
CuCl2monolayer 0.359° geuClz
g adkorbent
For 10 gofm-Al203;
Thus, amountof CuCl2 3.59 "gQuC2
Then, 10% monolayer 0-359 gcl02
20% monolayer “.718 g Q2
and 30% monolayer 1077 geuc?

A2 AmountofDispersing Agent (Citric Acid), in gram. Calculation
Example: Amount of CA (in gram) with the molar ratio (CuC12/CA) of 10

and 30% monolayer coverage of CuCI2, impregnated on mA/203-

From m0|CaC; = 10
molCA )
molCA molcucy
10
mCA Mo e

10



mCA =

A3 Volume of Metal-Containing Solution (DI water) Calculation

M ca x molCCe

10

192,12 X oo

132

['011 éCuClz- zT

mol 10x"134.45 gQCe/molJ

0.154 gCA

Example: The volume of solvent (DI water, cm3) for 30% Cu/m-Al203
modified with dispersing agent (CA). The ratio of Cu/CA is 10 and the amount of

adsorbent used is 10 g.

From =
Where Vsolute

From Vo 2
and V

dispersing agent

substitute all of the value in Equation (2):

V

solute

For 10 g of 111-A1203;
Vv

pore

substitute all of the value in Equation (1):

Va

V.-V

1
pore solute

V

m metal

/"~metal

1.077 gcuce

3-386 goud2/ cm3

0.32 cm3

mCA
PcA

0.154 gCA
1.665 gCA/cm 3

0.09 cm3

0.32 +0.09 cm3
041 ¢cm3

7.61 ¢m3

7.61-0.32 cm3
7.29 ¢cm3

+ . )
metal dispersing agent ?
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As mentioned above, the adsorbents used in this work were prepared by
incipient wetness impregnation method. The way of calculation to make an
appropriate metal-containing solution to be impregnated on various types of
adsorbents, namely mesoporous and macroporous alumina, in desired percentage of

monolayer coverage is shown in Appendix A. The calculation of all the prepared
adsorbents is summarized in Table A2,



Tahle A2 Summary of Adsorbent Preparation Calculations

No. IFP
Cata
Sepa
94795
94796
94797
94798
94799
94800
94301
94802
94803
94804
94805
94806
94807
94808
94809
94810
94811
94812
94813
94814
94815
94816
94817
94818

Label

mCul024
mCu2024
mCu3024
MCul024
MCu2024
MCu3024
mN 11024
mNi2024
mNi3024
MNi 1024
MNi2024
MNi3024
mCul012
mCu2012
mCu3012
MCul012
MCu2012
MCu3012
mNi1012
mNi2012
mNi3012
MNU012
MNi2012
MNi3012

Adsorbent (Alumina)

M- Amt

A%Leﬂ%, %

Vv
Vv

<< <<

<<<

<<<< <<< <<<

<< <

10
10
10
10
10
10
10
10
10
10
10
10

% roe CUCI2NICI

161
1.61
161
6.74
6.74
6.74
1.6l
1.6l
1.61
6.74
6.74
6.74
161
161
161
6.74
6.74
6.74
161
161
1.61
6.74
6.74
6.74

<l <<

<< << <<

<< <<

<< <<

Metal Impregnation

Loading

2 (%
1
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30

émetal

0.359
0.718
1077
0.250
0.500
0.750
0.161
0.322
0.483
0.112
0.224
0.336
0.359
0.718
1.077
0.250
0.500
0.750
0.161
0.322
0.483
0.112
0.224
0.336

{ cumi

0.170
0.339
0.509
0.118
0.236
0.354
0.073
0.146
0.219
0.001
0.101
0.152
0.170
0.339
0.509
0.118
0.236
0.354
0.073
0.146
0219
0.001
0.101
0.152

~metal

0.11
0.21
0.32
0.07
0.15
0.22
0.05
0.09
0.14
0.03
0.06
0.09
0.11
0.21
0.32
0.07
0.15
0.22
0.05
009
0.14
0.03
0.06
0.09

Dispersing Agent

CA CulCA

VCA Solute

0.11
0.21
0.32
0.07
0.15
0.2
0.05
0.09
0.14
0.03
0.06
0.09
0.11
0.21
0.32
0.07
0.15
0.22
0.05
0.09
0.14
0.03
0.06
0.09

Solution (cm3)

DI

1.50
140
129
6.67
6.59
6.52
1.56
1.52
147
6.71
6.68
6.6
1.50
140
129
6.67
6.59
6.52
1.56
1.52
147
6.71

6.68

6.65

Time
(h)
24
24
24
24
24
24
24
24



Table A2 (Cont.) Summary of Adsorbent Preparation Calculations

No. IFP

Cata

Sepa

94819
94820
94821
94822
94823
94824
94825
94826
94827
94828
94829
94830
94831
94832
94833
94834
94835
94836
94837
94838
94839
94840
94841
94842
94843
94844

No.

25
26
21
28
29
30

3
¥
34
3
36
37
38
3
40
41
42
43
44
45
46
47
48

49
50

Label

mCul006
mCu2006
mCu3006
MCul006
MCu2006
MCu3006

Ni 1006
mNi2006
mNi3006
MNU006
MNi2006
MNi3006
mCul003
mCu2003
mCu3003
MCul003
MCU2003
MCu3003
mNil003
mNi2003
mNi3003
MNU003
MNi2003
MNi3003
m-Al2) 3
M-AfOj

Adsorbent (Alumina)

NI-

Amt

A\f/O, AT 1 (13

Vv

<< <

<<<<

<<< <<<

<<=

10
10
10
10
10
10
10
10

Vpore CUC|J N|C|

1.61
1.61
1.61
6.74
6.74
6.74
161
161
1.61
6.74
6.74
6.74
1.61
1.61
1.61
6.74
6.74
6.74
1.61
1.61
1.61
6.74
6.74
6.74
1.61
6.74

< << <<

<<< < < <

<<= <<<

<< <<

Metal Impregnation

o Loading
%
g
20

metal

gCu/Ni

0.170
0.339
0.509
0.118
0.236
0.354
0.073
0.146
0.219
0.001
0.101
0.152
0.170
0.339
0.509
0.118
0.236
0.354
0.073
0.146
0.219
0.001
0.101
0.152

Vmetal CA CUICA ATW* VCA SOlUte

0.11
0.21
0.32
0.07

.0.15

0.22
0.05
0.09
014
0.0j
0.06
0.09
0.11
0.21
0.32
0.07
0.15
0.22
0.05
0.09
0.14
0.03
0.06
0.09

Dispersing Agent

0.11
0.21
0.32
0.07
0.15
0.22
0.05
0.09
0.14
0.03
0.06
0.09
0.11
0.21
0.32
0.07
0.15
0.22
0.05
0.09
0.14
0.03
0.06
0.09

Solution (cm3)

DI

1.50
740
1.29
6.67
6.59
6.52
1.56
1.52
147
6.71

Time

(h)

TOYOYOYOYOY OY Y OYOYOYOY» O

- o -

LCLWLWLW LWL o0



Table A2 (Cont.) Summary of Adsorbent Preparation Calculations

N8. |FP \ Ll Adsorbent (Alumina) Metal Impregnation Dispersing Agent  Solution (em3 ;.
ata 0. ane M- Amt \ql-m,e CUC|2NIC|3L0a('Hng et gQIIN Mgt CA Cu/CA Amt VCA Solute DI (h)

Sepa Af03 aid, (% @g

04845 51 mCA1024 Vv 761 V10 005 003 0031 758 24
04846 52 MCA 102 V 10 674 V10 003 002 002 672 24
04847 53 mCAL0Cul024 Vv 0 761 V 00359 0170 011 V 10 0051 003 0137 758 4
04848 54 MCA 10Cul024 V 10 674 V 0 0250 0118 007 V 10 0036 002 0095 672 24
04849 55 mCAI10CU3024 V 0 761 V 30 1077 0509 032 V10 0154 000 0411 752 A4
94850 56 MCA 10Cu3024 V 10 674 V 0 0750 0354 022 V10 0107 006 0286 668 2
94851 57 mCAIOCu10024 V 0 761 V 100 3590 1697 106 V10 0513 031 1368 730 4
94852 58 MCA 10CU10024 V 10 674 V 100 2500 1182 074 V10 0357 020 0953 653 24
04853 59 mCAO5Cul024  V 0 760 V. 0 0359 0170 011 V5 0103 006 0168 755 24
94854 60 MCA05Cul024 V 10 674 V 10 020 0118 007 V 5 0071 004 0117 670 24
04855 6L mCA05CU3024 V 0 761 V 30 1077 0509 032 V5 0308 018 0503 743 24
0485 62 MCAO05Cu3024 V 10 674 V 0 0750 035 022 V5 0214 013 0350 661 24
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Appendix B Topological Index (xT) Calculations

Brendlé and Papirer (1997) have proposed the method to determine the
topological index by using Weiner’s index. The idea of their work is to use relative
scales, centered around C, which is based on the weighing of the elements of the
distance matrix D starting with atomic numbers of the elements that built the

molecules, to adapt Wiener’s () index to molecules other than hydrocarbons.

B1 Computation of the Elements of the Diagonal of Matrix D

Initially all the elements of the diagonal are equal since they correspond
solely to carbon atoms and their value is fixed equal to zero (dl= 0). The new
procedure suggests one to determine the diagonal coefficients of the matrix by taking
into account the total number of electrons (Z 1) of atom iaccording to the following

relationship:

re ()
- 1
\ZI/

B2 Computation of the Elements that do not Belong to the Diagonal of
Matrix D

For alkanes, the sole bonds are C-C bonds whose length is arbitrarily taken

as equal to 1. Hence for calculating d ,one simply has to count the number of bonds

joining iandj. Now, when the molecule contains heteroatoms, all bonds will not

have the same lengths. The dXLterms that do not belong to the diagonal are then

computed as the sum of the lengths I of the bonds between iandj, using
2.k (2)

(this sum is made on all r bonds existing between iand] with /'= 1,2, ..., number of
bonds between 1and7). Kris the length of the rth bond and is determined for each of

them through
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where Zf and Z, are the (total) numbers of electrons of atoms [' and f entering in

the rth bond: hr takes values equal to 1, 2, or 3 according to the type of bond (simple
bond br= 1, double br = 2, or triple br = 3). Table B2 gives some values of

parameter Kr.

Table B1 Krvalues for different types of bonds

Type of bond K

C-C
= 0.5
c=¢ 0.333
C—c aromatic 0.67
C-N 0.857
C=N 0.429
C—N aromatic 0.571
— 0.75
=0 0.375
N -N 0.735
N=N 0.368
C-F 0.667
c-ClI 0.353

B3 Extension of Parameter y7to Polar Molecules

There are three steps to calculate for XT:determination of the graph and the
matrix distance of the molecule, calculation of the corresponding Wiener index, and
finally evaluation of XT-This procedure is best illustrated on the hand ofan example

(CHCfi). Figure B1 illustrates the graph of chloroform from which matrix D is

computed.
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o 0353 0353 0.353
0.353 0.647 0.706 0.706
0353 0.706 0.647 0.706
0353 0.706 0.706 0.647

Figure BL Graph and matrix D of chloroform.

The following step is the determination of the Weiner index according to
» = m

Finally, parameter Xt is obtained by application of the relation
XT(W) = 1.8789 xJV 0327 (5)

Example: The Xt of thiophene.

S

1

Figure B2 Thiophene structure,

Calculating dZvalue by performing Equation (1) gives

du: du = 0.625
42 = 0
d3 S
d» = 0
d% = o

S, - 062



Calculating kr value by performing Equation (3) gives

kr: C-C = 1
C=C = 05
c-§ = 0.375
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Calculating clj by performing Equation (2) (the shortest path calculations) gives

d | P iFE 7L1\T/ rK y

0625 0375 0875 0875 0375

0375 o 05
0875 05 0
0875 15 1
0375 075 15

17.125
From Equation (4), it becomes

Ttk

7(0.625 +17.125)

8.875
Then, Xt value is obtained by performing Equation (5)

XT = 1.8789 XIF ozt

1.8789x(8.875)(2L
384

. The topological index (XT) of thiophene is 3.84.

15 075
1 1.5
0 05

05 0
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Appendix ¢ IGC Characterization Calculations

The IGC experiments were carried out at different temperatures ranging
between 200-250 °c. Injection of normal alkanes (Hexane-Decane, namely Cé-Cio)

as probe molecules (reference) and toluene (xT= 6.26) and thiophene (x T~ 3.84) as

polar probe molecules to the stationary phases (different adsorbents to be studied)
were performed and the retention time (/r) measured. The experimental data were
averaged as shown in Table C 1.

For further calculations, the reduced 30% CU/T-Al20s adsorbent was
selected as an example. The conditions used in the experiments with 30% Cu/m-
Al20s adsorbent as stationary phase are summarized in Table C2.



Table CI' Summary of IGC data (an average of retention time, min)

Average Retention Time (min)

[l
Temperature MOle%[ﬁeS MAA  MAA mCul0 mCu20 mCu30 rcnuc3?)22 mNilO  mNi20 mNi30 MCulO MCu20 MCu30
24H2 24H2 24H2 H2 24H2 24H2 24H2 24H2 24H2 24H2
Hexane 0.72 0.65 0.77 0.74 0.74 0.72 0.57 0.78 0.76 0.6 0.51 0.56
Heptane 1.42 1.23 151 1.45 121 1.38 1.09 1.58 1.55 1.15 0.90 1.11
Octane 2.87 2.50 3.00 2.84 2.24 2.79 2.07 3.19 3.10 2.29 1.78 2.27
200 Nonane 5.82 5.16 6.24 5.82 4.41 5.71 3.96 6.61 6.34 4.67 3.60 4.5
Decane 11.86 10.34 12.68 11.84 8.50 11.44 7.52 13.23 12.74 9.45 7.24 9.01
Toluene 4.80 431 5.72 5.91 3.97 5.42 4.02 §.20 7.12 4.78 4.03 4.99
Thiophene 2.04 1.87 2.28 4.25 2.14 4.14 1.72 2.49 2.82 191 2.00 3.42
Hexane 0.47 0.41 X X 0.49 0.44 X X X X X X
Heptane 0.82  0.69 X X 0.75 0.77 X X X X X X
Octane 1.52 133 X X 1.27 1.44 X X X X X X
225 Nonane 2.90 2.50 X X 2.35 2.78 X X X X X X
Decane 551 4.58 X X 3.97 5.04 X X X X X
Toluene 2.38 2.10 X X 2.01 2.52 X X X X X
Thiophene 108 0.99 X X .22 2.01 X X X X X X



Table Cl (Cont.) The summary of IGC data (an average of retention time, min)

Temperature

250

rruuc

Molecules

Hexane
Heptane

Octane
Nonane
Decane
Toluene

Thiophene

inAA

0.30
0.50
0.87
1.49
2.70
1.27
0.62

MAA

0.28
0.45
0.75
1.35
2.44
1.11

0.54

mCulO
24H2

XX XX X X X

mCu20
24H2

XXX XX XX

Average Retention Time (min)

mCu30
24H2

0.34
0.49
0.74
1.30
2.10
1.16
0.74

mCAOQ05
Cu3024
H2

0.28
0.42
0.70
1.27
2.19
1.19
0.92

mNilO
24H2

XXX XX XX

mNi20
24H2

XXX XX XX

mNi30
24H2

XXX X X XX

MCulO
24H2

XXX XX XX

MCu20
24H2

XXX XX XX

MCu30
24H2

XXX XX XX
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Table C2 Parameters used in calculations (exclusively for reduced 30% Cu/m-Al2Cs
adsorbent)

Parameters Value
He flowrate, F (cnrVmin) 33.33
Ambient temperature, 7anb (K) 298.15
Solid mass, msoiid (g) 4.10
Density of mesoporous alumnina. p,Imo (g/cm3) 0.914
Solid density, Psolid (g/cm?) 0.9863
Ideal Gas constant, R (J/mol K) 8.314
Column diameter, D (cm) 1
Column length, L (cm) 10

The calculation was shown in Appendix C2.

Cl Retention Volume (Vo) Calculation
Example: The retention volume (Eg) of thiophene injected on reduced 30%
Cu/m-Al203 adsorhent at 225 c.

T

= INRYEA
From Vv = B Rm /—] (1)

where ‘Ris the retention time (min), /m the retention time of non-adsorbing
marker (hold up time), Po the outlet column pressure, p\ the inlet pressure, T the
column temperature, Tamh the ambient temperature (K). and | the James-Martin
compressibility factor defined as:

3 [A)2-!
) )
2 {p, Poys- 1
As there was no pressure drop along the column within the experiment, so
the term| (James-Martin compressibility factor) can be neglected. So Equation (1)
becomes;

FtO-F1 T

Vi
: M\ e/
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V n*-K( T
g m  Vinby 3
From V] X (4)
and \e SxL , (5)
substitute in Equation (5): V¢ ttaZL
(\ cm)2(10 cm)
4
7.85 ¢cm3
and =3 - A
=5 (6)
PIL olid/ - '9id 7
\Pgy Wsolid/Faid "
substitute (7) in (6): o [yt W Y Q’ (g
C
substitute (8) in (4): K = ye ~ "sld’ 9)
7.85 A
p i

785 cm 4-10 nglHEZlI-Q
7 g4 crn

r 3.93 cm3
The experiment was carried out at 225 ¢, the retention volume of
thiophene was 1.10 min, substitute all the parameters and Equation (9) in (3) then

[33.33 cmdmin) (1..0 min)-3.93 cm3f 225 + 273.15 K
410 g t 29815K J
13.34 cm3yg.
The retention volume of thiophene injected on reduced 30% Cu/m-
Al203 adsorbent at 225 °c is 13.34 cm3g.



C2 Particle Density Calculation
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Example: Particle density (p'mM) of reduced 30% Cu/m-Alzos adsorbent.

From PMAA

and Pt

o ()
i ()
KA

where pmbAis the density of mesoporous alumina, pmAAis the density of impregnated
mesoporous alumina, then divide Equation (2) by Equation (1):

PmAA -

PmAA

from Table A2:
from molG(Q

mdd - —

Maq

ad

mmAA= 10 g, and

mxA - mlAA+m'
mirkA mmA

1+£ 9 (3)
C 2= 1077¢s
molQ0

ma02
M!Qﬂ7

mcua, X A’\ca
Mag (4)

substitute the data from Table AL and Table A2 in Equation (4);

ad

from Equation (3): P

1-o77 (cucl, X99.00 gQQq/ mol
134.45 gouce/mol

0.793 g

[
+
AT )

004 L+ 0798
tm Vv 109

0.986 g/cms

The particle density of reduced 30% Cu/m-Alzos is 0.986 g/cms3,
The particle density of the adsorbents that were used for IGC
characterization was summarized as shown in Table C3.
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Table C3 Summary of particle density of the adsorbents

Particle
Adsorbents density3
Support: Mesoporous Alumina
m-AlCs 0.914
Reduced 10% Cu/m-Al0 5 0.938
Reduced 20% Cu/m-Al2o3 0.962
Reduced 30% Cu/m-AfCf, 0.986
Reduced 30% Cu/m-Al2Gs modified with CA (Cu/CA=5) 0.986b
10%Ni/m-Al203 0.943
20% Ni/m-Al20 3 0.973
30% Ni/m-Al20 3 1:002
Support: Macroporous Alumina
M-Al203 1.008
Reduced 10% Cu/M-Al0 3 1.027
Reduced 20% C1/M-Al203 1.045
Reduced 30% Cu/M-Al203 1.064

Corresponding to the parameter value stated in Table A2.
b CA mixed with metal-containing solution in impregnation step was decomposed by the reduction
temperature at which 300 c before using as an stationary phase in 1GC. Thus, the amount of CA

does not take into account for the particle density calculation.
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C3 Enthalpy of Adsorption Calculation
Example: Heat of adsorption (A//ab) of thiophene injected as polar probe

molecule on reduced 30% Cu/m-Al2os adsorbent at different temperature ranging
between 200-250 °c.

At low surface coverage, the heat of adsorption is obtained by plotting InEy
against 1/T, according to Equation (1):

£ K]
Mg o) (1)

The experimental data plotted in the graph was shown in Figure CI.

700
4 50
4.00 y=5.29S5 4132x-7.9302

3% R-=10.9999

A
U0, :

2 50
2.00
150
| 0o
o
0.00
0.001S5  0.00190 000195 000200  0.00205  0.00210  0.00215  0.00220

ur

ATluophene

Figure CI InEg against MT graph of thiophene injected on reduced 30% Cu/m-
A1203 adsorbent at different temperature ranging between 200-250 °c.

According to the Figure CI, the equation of linear line was obtained by
using the Microsoft Office Excel software, as shown in Equation (2):

y = 5298.4132*-7.9302 . (2)
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From Equation (1) is consistent with Figure Cl and Equation (2), the slope

afinv)
of the graph, 5?1/7,) i5 5298.41 K.
Substitute the value in Equation (1) gives
k) "
AHz -(8.314 J/mol K)(5298.41 K)V1000Jy
- 44.1 kimol.

. The heat of adsorption (AH35) of thiophene injected as polar probe
molecule on reduced 30% Cu/m-AFCC adsorbent is - 44.1 ki/imal.
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C4 Free energy of Adsorption of a Methylene Group Calculation
Example: The free energy of adsorption of a methylene group (AGerz) as -

alkanes (Cé-Cio) were injected as probe molecules on reduced 30% Cu/m-Alzos
adsorbent at 225 c.

The term, AGMH . corresponds to the free energy of adsorption of a

methylene group and is defined as the energy difference for the adsorption of two
successive alkanes, and may be calculated from:

AGH = -RTL M- (1)

where F(n) and Fy(n+) are the specific retention volumes of two consecutive -
alkanes having and ( +1) carbon atoms, respectively. AGQ) is independent of the

reference state of the adsorbed molecule. The slope of the linear functions given in
Figure D2 represent the increment in AGH .

The value of AGn) is obtained by plotting -RT\nVo against Xt (shown in
Figure C2) according to Equation (1). The slope of this curve is AGerz.

20000

15000
a 10000 A .
j 5000 .
1 0
5000 0 1 2 3 | 5 0 B S 0 10 11 ) 11

-10000

Zr

Figure C2 Free energy of adsorption of a methylene group based on «-alkanes, 30%
Cu/m-AECTi adsorbent at 225 °c.
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According to the Figure C2, the equation of linear line was obtained hy

using the Microsoft Office Excel software, as shown in Equation (2):
y = - 2453.3x + 8600 . 2)
From Equation (1) is consistent with Figure Cl and Equation (2), the slope

ofthe graph, -RT\n 1is - 2453.3 J/mol,

Substitute the value in Equation (1) gives
AGCH = -2.45kJ/mol.

The free energy of adsorption of /-alkanes on reduced 30% Cu/m-Alzo3
adsorbent at 225 °C is - 2.45 kd/mol.
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C5 Surface Free Energy: Specific and Dispersive Component Calculations
As in the case of the free energy of adsorption, the surface free energy of the

adsorbent, Ys(J/m2), may be split into dispersion, Ys, and specific, Ys, contributions,
corresponding to the dispersion and specific interactions, respectively :
Ys = Ys+Ys- )

The dispersive component, intrinsic and unspecific for all molecules, is due
to London forces and is given by:

AGch,
4Y ch,~ 2 4h, )
where N is the Avogadro number, aCH is the area occupied by a -CHz2 group (0.06
nm2), and Yche(mj/m?2) is the surface tension of a surface consisting of CHz groups,
which is a function of temperature;
yH = 35.6+0.058(20-7), (3)
where T is the column temperature in °c.

The specific component (Ys) of the surface free energy is closely related
with the parameter of specific interaction of polar solutes ( 79). This parameter
involves the surface properties in terms of potential and acid-base interactions and
may be determined from the difference of free energy of adsorption, A(AG) ,

between a polar solute and the real or hypothetical /7-alkanes with the same surface
area;

- |A(AG)]
P " (@)

where apis the polar solute surface area. In this work. ap, is calculated from the

liquid density, p , and the molar weight of the solute, M, assuming spherical

molecular shape in a hexagonal close-packed configuration:

\ 23

\ f MV
.09x10 N (5)

where 1014 is the conversion factor (convert cmzto nm2).
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C5.1 Dispersive Component Calculation
Example: The dispersive component (Y] ) of «-alkanes injected as
probe molecules on reduced 30% Cu/m-Al2os adsorbent at 225 °C.

From Eq. (2 A L AGeh
+a -y 4 Yer O

calculate for yGH, as the experiment was carried out at T =225 °C, by substituting

the value of T in Equation (3) gives
35.6+0.058(20-225)

23.71 mJim2.
From AGerzcalculation in Appendix C4,

AGerz = - 2453.3 JImol
Substitute all of the value in Equation (2):

YycH2

. (-24833): ¢
4 (23.70)i4(6.02x10By2(m 0r1)2(0.06x10"18)2(m 2)2

; Iy oo
| (248332 % Ty

4 (23.71)™ (6.022x1046)(m or1)/ (0.062x10 36)(m?2)z

(24533)2 o
mol

1
4 (23.71)-" 6.022(mol 1)2-0.062(m2)z

= 48.6 mJ/m2
’. The dispersive component (yf) of /~alkanes injected as probe molecules
on reduced 30% Cu/m-AECh adsorbent at 225 °C is 48.6 mJ/m2.
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C5.2 Specific Component Calculation
Example: The specific component (Ys) of thiophene injected as polar
probe molecules on reduced 30% Cu/m-AfCh adsorbent at 225 °c.

FromEg. (4) ¥ = [9 = Nap

calculate for ap, by using the parameters those are shown in Table C4,

Table C4 Physical properties of polar probe molecules (toluene and thiophene) for
IGC calculations

i Molecular Boiling Melting
Chemicals %gmml Structure  Weight ~ Point Pomt Densﬂgg
(@/mol) — (°C) ¢’

chs

Toluene CHs \ 92.14 110.6 93 0.865

Thiophene ~ CaH4S 0 84.14 84 -38 1.051

Substitute the value in Equation (5) gives

yl3
84.14
1.09x10" mol

V1.051 o *6:02 lozs mof

com2V 8414
LK 10 o 1 051 16.00 Xu02

\B
cm

oy oimm? s B
cm 1.051-6.02x10=)

0.2839 nm2

lel
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Figure C3 Specific interaction parameter, reduced 30% Cu/m-Alzos at 225 °C. -
alkanes (continuous ling), thiophene ().

According to the Figure C3, the equation of reference line was obtained by
using the Microsoft Office Excel software, as shown in Equation (s):

y = - 24533x+ 8600
or AGRe = - 24533 XT+ 8600. (s)
Forthiophene: Xt = 384

Note: the calculation of equivalent carbon number was shown in Appendix B.
Substitute the value of Xxin Equation (s) gives

AGRE = -2453.3 (3.84)+ 8600

—821 Jimal.
From the experiment, the retention time for the thiophene on reduced 30%
Cu/m-ABCF adsorbent at 225 °c is 1.10 min. Calculation of Vo was shown in
Appendix C I. The value of Fyis 13.34 cnr/g.

Calculate for the AGRlaaccording to Equation ().
AGpadr = -RT\nVo+c, (s)
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J
mol -K

-10759 Jimol
IAGm,,-AG R
|-10759-(-821)]

9939 Jimol
Substitute all of the value in Equation (4):

8314 (225+373.15)K- (13.34)

AGRiy

[a(AG)

] 9939 mol S (10181M2
B = g02xioBmol: 02839mm2 1 § J1 , J

= 581 mJm2
The specific component (¥s) of thiophene injected as polar probe
molecules on reduced 30% Cu/m-AECh adsorbent at 225 ¢ is 58.1 mJ/m2,
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C5.3 Surface Free Energy Calculation
Example: The surface free energy (ys) of thiophene injected as polar
probe molecules on reduced 30% Cu/m-AhCh adsorbent at 225 °c.

The surface free energy of thiophene on reduced 30% Cu/m-AhCh
was obtained according to Equation (7).

Ts - 1s+7:,
from Appendix ¢51: 48.6 mJ/m.
and from Appendix C5.2: y* = 58.1 mJ/m2
substitute all of the value in Equation (7) gives

75 48.6 + 58.1

106.7 mJ/mz2

The surface free energy (ys) of reduced 30% Cu/m-Al2os adsorbent at
225 °c is 106.7 mJ/m2,
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