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A ppendix A

Examoples of calculation

A.l Calculation of concentration

From logPwap — A— (A.)

f pressUe in mm
te perature in °

Substitued toluene data in Equation A.| , we obtam

where P\ep

log Pvp  — QI &80y
15643
Pyap = 101 MM HY

= 366601 M. Hy

artial pressure of toluene W
% toluene d abpsolutepressure m

At

= 48

A.2 Calculation of 1odine number of carbon ad
sorbents
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X/m A-(DF)(B)(S)

c NS
DF _ I+|4-|
where x/m lodine absorbed per gram 1

sodium thiosulfate, ml
carbon used, gi
sodium thiosulfate, N
jodine, N

N2 X 12693.0

Ni X 126.93

residual filtrate, N
odine, m- |
5% hydrochloric acid used
filtrate, ml

correction factor

~ (ilution factor

For carbon adsorbent which activated with ZuCl2

OO T o> ==
T o

Let Ni
n2

B
DF

0.099% N

0.1002 N

12718386

12,6422

£5£+10)/ 5

c 80.0996 X6.5 | 25)
0259

D 0.96

Substitued these value in Equation A > , we obtain

o . DISHgapeRey,

= 124174

A.3 Calculation of moisture content on carbon
adsorbents

From
loss weight X100
original weight

(R

Y%omoisture =
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For carbon adTorbent which act|vate with ZnCl
Let 0SS Weight 13459 g

original weight = 13259 ¢
Substitued these value in Equation A.3 , we obtain

1.3459— 3259 X 100
= 149

A Ca%lculatlon of bed porosity and particle den-
Sity

From Blake-Kozeny's equation :

% moisture

9~ d £ ~10gRe + 9 (150(g3~g)2)

For carbon adsorbent activated with 50% HsPOa
The graph between log and log Re from data, we obtain

intercept; Jﬁiﬂ%ﬂi % &%A

10.4066
10.4066e3- €2+ 2 - 1 = 0
£ — 03453
Lt - *ycglczjhrg n

mass/ densit
314X T2 X 123

0.7342/density
314X 0.22862 X123
then density 0.555 ¢/ cms
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log Re

Figure A.I: The plot of friction factor versus Reynold number for flow throu%h
packed hed according to Blake-Kozeny equation on carbon adsorbent 50% HsPOs4

A.5 Calculation of Adsorption Equilibrium Con-
stants

The adsorption equilibrium constants is calculated from Equation 2.14 by the plot
of » versus tr such as shown in Figure A.2

v (24

The slope of the stright line is equal to 1+ (=) x. The bed porosity is 0.4998
Then,

K

(slope - 1)1e1
(37931-1)
6614.51
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Figure A.2 Adsorption equilibrium constants on carbon adsorbent 50% HsPQOa4
at temperature 190°c

A.6  Calculation of Heat of Adsorption

From vant't Hoff equation

dinK AH

dt RT2 (A'4)
Ink = Ino - AP (A5)
~RT

Then, we plot graph between InK and 1000/T as illustrated in Figure A.3

The slope of graph equal to

From the figure A.3, we can calculate the heat of adsorption

Heat of adsorption
6.673x8.314 J/mol
55.48 kj/mol
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In K

2 2.05 2.1 2:15 2.2 2.25 2.3

Figure A.3: The adsorption equilibrium constants of toluene on carbon adsorbent
ZnCl2 at various temperature

A.7 Calculation axial dispersion coefficients and
mass transfer coefficients

From equation;

a2 D1 vV £ 1 1+
2of2= VL + L 1-e kK (1- £)x

rearrangement equation, we obtain

a2l D1 £ 1 :
22v  va + 1-tkK (1—£)K

The plot of  versus  should be linear as shown in Figure A.4. The overall
mass transfer coeffcient is calculated from the intercept of the line and the slope
Is corresponding to axial dispersion coefficient

A.7.1 mass transfer coefficient

. € 1
intercept —(1 _E) — 14 (1 <0
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0 0.002 0.004 0.006 0.008 0.01
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Figure A.4 Overall mass transfer coefficients of toluene on carbon adsorbent
which activated with 50% HsPO. at temperature 190°c

Therefore, the overall mass transfer coefficient of toluene on carbon adsorbent
activated with 50% HsPO4 at 190° is

ML = (s)als A

k 10498 6014500004 1 + (1-D4B)XEIAEL
= 00279 Usec

A.7.2 axial dispersion coefficient

slope = DI

Therefore, the axial dispersion coefficient of toluene on carbon adsorbent which
activated with 50% HsPOa at 190°c is
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2:22
2.2
208 oo NG S e e e sae s stainieramin siesenaingatin sl et iy
2.16

In ko 14
2.12
2.1

2.08

2.06
45 -44 -43 -42-41 47239 -38 -3.7 -36 -3.5 -34

1000/ T, [1/K]

F| ure nACS Activation energy of toluene on carbon adsorbent which activated

0.8376 cm2/sec
A.8 Calculation activation energy

k= KOexp(h-~) (As)

Ink = Inko - " (A7)

The activation enerqy is calculated from the slope of plot of Ink versus 1000/T
as shown in Figure A.s.

Therefore, the activation energy of toluene on carbon adsorbent which acti-

vated with ZnClz is
slope =

-6.8248 =
Ea 56.74 kd/mol



A ppendix B

Standard Terminology R elating

to

A ctivated C arbon

activated carbon-a family of carboneceous substances manufactured by pro-
0ess that develop adsorptive properties.

activation - any process wherehy a substance is treated to develop adsorptive
properties.

adsorbate - any substance that is or can be adsorbed.

adsorbent - any solid having the ability to concentrate significant quantities
of other substances on its surface,

adsorption - a process in which fluid molecules are concentrated on a surface
by chemical or physical forces, or both.

degassing - removal of gases.

density, particle - the mass under specified conditions of a unit volume of a
solid sorbent including its pore volume but excluding inter-particle voids.

heat of adsorption - the heat evolved during adsorption.

isotherm - a plot of quantity adsorbed per unit of adsorbent against equilib-
rium concentration, or pressure, when temperature is held constant.
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* mean particle diameter - the weighted average particle size, in millimeters,
of a granular adsorbent computed by multiplying the percent retained in a
size fraction by the respective mean sieve openings, summing these values
and dividing by 1o0.

* moisture content - the water content of a substance as measured under spec-
ified conditions.

» physical adsorption (van der Waals adsorption) - the binding of an adsorbed
to the surface of a solid by forces whose energy levels approximate those of
condensation,

* pore diameter - the diameter of a pore in a model in which the pores in a
sorbent are assumed to be cylindrical in shape and which is calculated from
data obtained by a specified procedure.

* pores - the complex network of channels in the interior of a particle of a
sorbent.

* pore volume - volume of the pores in a unit weight of a sorbent.

» surface area (B.E.T.) - the total surface area of a solid calculated by the
B.E.T. (Brunauer, Emmett, Teller) equation, from nitrogen adsorption or
desorption data obtained under specified conditions.

* Surface oxides - oxygen containing compounds and complexes formed at the
surface of an adsorbent,



A ppendix c

Standard Test M ethod for
D eterm ination of lodine N um ber

of C arbon Adsorbent

This test method covers the determination of the relative activation level of unused
or reactivated carbons by adsorption of iodine from aqueous solution. The amount
of iodine absorbed (in milligrams) by « g of carbon using test conditions listed
herein is called the iodine number A.2

¢ .1 ignificance and Use

The iodine number is a relative indicator of porosity in an activated carbon. It does
not necessarily povide a measure of the carbon’s ability to adsorb other species.
lodine number may he used as an approximation of surface area for some types
of activated carbons. However, it must be realized that any relationship between
surface area and iodine number cannot be generalized. It varies with changes in
carbon raw material, processing conditions, and pore volume distribution.

C.2 Apparatus
1 Analytical Balance (4 position)
2. Buret, 10-mL capacity or 5-mL precision buret.

3. Flasks, Erlenmeyer 250-mL capacity with ground glass stoppers.
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~

Flask, Erlenmeyer wide-mounted, 250-mL capacity.

o

Beakers, assorted Sizes.

s. Bottles, amber, for storage of iodine and thiosulfate solutions.

~

. Funnels, 100-mm top inside diameter.

oo

. Filter Paper, 18.5-cm prefold paper, Whatman No. 2V or equilivalent.
9. Pipets, volumetric type, 5.0, 10.0, 25.0, 50.0, and 100.0 mL capacity.
10. Volumetric Flask, 1L.

11. Gratuated Cylinders, 100 mL and 500 mL.

C.3 Reagents

1 Purity of Reagents- Reagent grade chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all reagents shall conform to the spec-
ifications of the Committee on Analytical Society, where such specifications
are available. Other grades may be used, provided it is first ascertained that

the reagent is of suficietly high purity to permit its use without lossening
the accuracy of the determination.

2. Purity of Water-References to water shall be understood to mean reagent
water,

3. Hydrochloric Acid, concentrated.

4. Sodium Thiosulfate, (NazSeos.5 H20).
5. lodine.

6. Potassium lodide.

7. Potassium lodate, primary standard.
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s. Starch, soluble potato or arrowroot.

9. Sodium Carbonate.

C.4  Preparation of Solutions

1. Hydrochloric Acid Solution (5% by weight)
Add 70 mL of concentrated hydrochloric acid to 550 mL of distilled water
and mix well. A graduated cylinder may be used for measurement of volume.

2. Sodium Thiosulfate (0.100 N)
Dissolve 24.820 g of sodium thiosulfate in approximately 75 mi£25 mL of
freshly boiled distilled water.  Add 0.10£0.01 g of sodium carbonate to
minimize bacterial decomposition of the thiosulfate solution. Quantitatively
transfer the mixture to a +-L volumetric flask and dilute to the mark. Allow
the solution to stand at least 4 days before standardizing. The solution
should be stored in an amber bottle.

3. Standard lodine Solution (0.100I0.001 N)

Weigh 12.700 g of iodine and 19.100 g of potassium iodide (KI) into a beaker.
Mix the dry iodine and potassium iodide. Add 2to 5 mL of water to the
beaker and stir well. Continue addig small increments of water (approx-
imately 5 mL each) while stirring until the total volume is 50 to 60 mL.
Allow the solution to stand a minimum of 4 hrs. to ensure that all crystals
are thoroughly dissolved. Occasional stirring during this 4-hrs. period will
aid in the dissolution. Quantitatively transfer to a:-L volumetric flask and
fill to the mark with distilled water. It is important that the standard iodine
solution has an iodide-to-iodine weight ratio of 15 to 1. Store the solution
in an amber hottle.

4. Potasium lodate Solution (0.1000 N)
Dry 4 or more grams of primary standard grade potassium iodate (K103 at
110 +5°c¢ for 2 hrs. and cool to room emperature in a desiccator. Dissalve
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3.5667£0.1 mg of the dry potassium iodate in about 100 raL of distilled
water. Quantitatively transfer to a 1-L volumetric flask and fill to the mark
with distilled water. Mix thoroughly and store in a glass-stoppered hottle.

5. Starch Solution
Mix 1.0T0.5 g of starch with 5to 10 mL of water while stirring to the starch
paste. Add an additional 25t5 mL of water while stirring to starch paste
Pour the mixture, while stirring, into 1 L of boiling water and boil for 4 to
5min. This solution should be made fresh daily.

C.5 Standardization of Solution

1. Standardization of O.00I0.00I N lodine Solution
Pipet 25.0 mL of iodine solution into Wide-mounted Erlenmeyer flask. Titrate
with standardized sodium thiosulfate until the iodine solution is a light yel-
low color. Add afew drops of starch indicator and continue titraton dropwise

until one drop produces a colorless soluton. Determine the iodine solution
normality as follows:

iVi= (1,X NZ)/|
where:
Ni = sodium thiosulfate, N
n2 = jodine, N
| = jodine, mL

sodiium thiosulfate, mL

2. Standardization of 0.100 N Sodium Thiosulfate
Pipet 250 mL of potassium iodate (K10-) solution into a 250-mL titration
(or wide-mounthed Erlenmeyer) flask. Add 2.00+ 0.01 g of potassium iodide
(K1) to the fiask and snake the flask to dissalve the potassiumiodice crystals.
Pipet 5.0 mL of concentrated hydrochloric acid into the flask. Titrate the free
lodine with socium thiosulfate solution until a light yellow color s observed
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in the flask. Add a few drops of starch indicator and continue the titration
dropwise until one drop produces a colorless solution. Determine sodium
thiosulfate normality as follows:

N — P xR
y S
Where:
N2 joding, N
potassium jodate, mL
R potassium iodate, N

sodium thiosulfate, mL

C.6 Procedure

1.

Grind sample of carbon until 95 wt% or more will pass through a 100 mesh
screen

Dry the ground carbon at 120°c for 3 hours and then cooled in descicator

Transfer weighed dry carbon in 250 ml Erlenmeyer flask equipped with stop-
per

Pipet 10.0 ml of 5wt% HCL solution into flask containing carbon and swirl
gently until the carbon is completely wetted

Place flask on a hot plate and bring the contents to a boil

. Remove the flask from the hot plate and cool to room temperature

Pipet 100.0 ml of 0.100 N iodine solution into flask and shake the contents
vigorously for 301 sec

. Quickly filter mixture by gravity through one sheet of folded filter paper

(Whatman No. 42) into a beaker

For filtrate was collect 20 to 30 ml. to rinse a pipet, the remaining filtrate
was collect by clean beaker
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10. Titrate filtrate with standardized 0.100 N sodium thiosulfate solution until
the solution is a pale yellow

11. Add :-2 drops of starch indicator solution and continue the titration with
sodium thiosulfate until colorless solution

12. Record the volume of sodium thiosulfate used

13, Calculate iodine number



A ppendix D

M o0 isture

* Weight sample 2 g with analytical balance
* Heating the sample at 110 ° ¢ for 3 hours
» Cooling this sample in desicator to ambient temperature and weight again

loss weight X 100
original weight

%moisture =

(D1)



A ppendix E

IR spectrum
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Figure E.2: Spectrum of carbon adsorbent which activated with 20% phosphoric
acid
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7

Spectrum of carbon adsorbent which activated with 50% phosphoric

Figure E.3

acid



Appendix F

The retention time and varience

Table F.I; The retention time and varience on various adsorbents

adsorbate  adsorbent T(°C) Q,ml/min tp}sec varience, sec?

benzene h2so 4 150 52 94.26 7578.98
63 79.62 6496.35

73 66.63 4709.81

83 60.53 4517.92

94 63.08 5605.54

104 62.23 4995.79

180 21 72.92 3117.99
31 49,50 1759.95

52 38.33 1303.87

63 29.42 964.37

73 35.639 1353.61

190 21 44.89 950.40
31 40.14 641.93

42 24.56 410.05

63 18.51 193.66

73 15.13 174 .54

200 21 37.36 799.36
31 26.32 286.82

42 18.72 173.09

63 12.99 146.05

73 13.53 195.34
20%H3PO4 180 21 168.82 13873.09
31 113.15 8864.81

42 90.55 6537.58

52 81.45 6152.69

63 74.68 5737.01

73 61.53 4131.05

190 21 131.03 8277.60
31 93.05 5738.48

continued on next page



continued from previous page

adsorbate

adsorbent

50%H3PO4

ZnCl2

T(°C)

200

210

150

180

200

210

150

180

Q,ml/min

42
52
63
3
21
42
48
63
3
84
21
42
52
60
&
42
52
63
3
94
52
63
i
83
94
104
21
3l
42
63
3
84
26
31
42
52
63
3
83
94
104
52
63

tr, sec

84.18
62
53.74
47.56
90.60
56.26
39.22
37.81
26.98
25.17
36.84
212
16.15
12.4
12.48
187.98
176.04
150.56
152.95
126.51
53.63
46.82
42.45
37.28
32.5
32.72
50.92
30.29
21.95
18.83
14.96
14.61
40.01
41.77
33.19
24.69
221
485.97
482.42
426.32
391.81
142.1
125.80

varience, sec?

6204.68
3045.59
2630.49
2317.78
6904.76
2733.90
1852.99
1607.48
174,77
881.32
1130.24
434.33
104.18
82.56
94.31
37824.79
21054.45
18674.98
19092.64
12136.61
2233.26
1804.15
1663.16
1133.19
923.26
914.44
1798.78
646.78
380.37
252.3
123.02
130.63
1052.61
952.07
581.31
309.98
355.09
107064.69
85893.17
76330.03
63336.62
11137.41
7666.81

continued on next page
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adsorbate

toluene

adsorbent

h2so4

20% H3PO4

T(°C)

190

200

210

180

190

200

180

190

Q,ml/min

83
94
104
52
63
3
83
94
104
21
26
42
52
63
3l
42
52
63
3
92
63
73
83
94
104
21
26
3l
42
52
63
21
26
42
63
63
3
83
94
3
83
94
104

f[*Jsec

121.68
93.46
80.55
117.42
94.08
84.15
67.92
63.81
66.24
108.65
93.79
59.38
49.31
42.49
59.47
59.71
37.82
40.87
32.21
153.19
113.36
105.04
93.22
66.49
71.25
220.37
190.02
154.64
119.89
106.74
68.46
138.43
123.16
75.11
39.85
1467.9
1186.47
1053.75
920.55
731.41
569.6
470.67
453.03

varience, sec?

7877.69
3352.43
2884.23
6549.82
5007.49
3845.3
2242.49
2644.36
2752.16
6075.03
3717.08
1112.19
1160.87
636.97
906.85
861.48
520.47
349.17
364.62
18886.94
13917.52
10404.8
9316.09
5860.92
3933.37
21735.73
25296.68
13874.89
11640.05
11507.85
4084.61
7835.36
4441.62
3311.43
998.87
1087391.53
778987.89
61875.96
465541.69
300498.3
167574.69
104708.06
107297.86

continued on next page
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continued from previous page
adsorbate  adsorbent T(°C) Q,ml/min  tr, S6C varience, sec?

200 52 608.22 185749.32
63 524.46 148308.53
3 485.46 136484.75
83 400.49 99199.08
94 362.74 77484.56
210 3l 636.95 152702.08
42 473.57 117214.69
52 411.59 94082.45
63 355.92 76155.31
73 273.12 42013.54
83 199.26 28509.51
20% H3PO4 180 52 472.49 129000.11
63 421.75 118364.42
3 34731 72893.97
83 312.29 58095.82
94 268.02 42366.05
104 243.59 38637.27
190 42 396.51 53208.65
52 372.55 45167.8
62 263.45 233341.84
83 206.24 19352.65
93 201.06 20258.21
200 41 211.46 19690.91
o 176.93 13187.64
62 156.7 11842.24
73 143.84 9328.66
93 124.68 6915.9
210 20 230.48 23309.38
41 146.6 11705.04
50 98.06 5617.5
62 91.1 5330.73
3 82.3 4683.23
93 68.92 2852.73
ZnCI2 180 52 1603.29  777679.64

63 1480.22 75934.53
3 1267.26  499068.64
83 1101.76  371833.27

190 52 996.1 310647.79
3 171.32 192954.64
83 716.16 175643.55
94 638.93 153383.52
200 52 751.16 202633.84
63 655.11 162113.46

continued on next page
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adsorbate  adsorbent T(3C) Q.mlmin  §>)sec varience, sec2

73 58181  130258.87
83 528.86  117052.28

04 485.71 93228.87

210 63 522.07  118661.59
73 469.03 04833.22

83 410.68 70496.43

04 365.35 56908.73

104 362.29 54927.22
0-xylene h2sod 180 31 407.19 9426791
42 289.65  55667.18

52 186.19 27684.72

63 173.43 28160.99

73 139.17 18843.31

190 31 276.56  41434.76
42 208.92 27667.72

63 119.07 1160153

73 118.12 12591.77

83 110.3 10876.22

200 26 195.77 2285451
31 171.53 13506.75

42 127.74 11952.24

52 87.71 4844.8

63 83.35 5059.57

210 26 116.85  9142..41
31 91,5 6207.91

52 52.5 2467.82

59 53.03 2005.66

20% H3PO4 180 63 1854.85  1377327.63
73 025.04  371740.41

83 803.37  238758.24

94 573.08  145719.62

190 83 97573 501923.62
89 962.83  464826.55

94 02052  424384.2

99 579.38  178424.17

200 52 866.35  529608.44
' 73 73955  508609.78
83 728.64  287032.36

104 474.8 17223181

210 63 530.04 137268.8

71 499.44  124038.49
83 47321  105180.53
104 388.82 66181.2

continued on next page



continued from previous page

adsorbate

adsorbent

50% H3PO4

ZnCI2

T(°C)

180

190

200

210

180

190

200

210

Q,ml/min

52
63
83
104
52
3
83
94
104
52
73
83
94
104
52
63
3
83
104
52
63
83
94
104
22
63
3
94
104
52
63
3
83
94
104
52
63
3
83
94
104

tr, SGC

1952.43
1167.32
773.95
805.79
1629.57
937.88
926.25
905.82
651.27
1090.53
928.87
700
548.90
599.74
1027.6
992.39
872.13
732.39
548.14
605.77
598.11
302.72
298.02
171.78
322.78
320.65
227.45
203.74
121.37
77.4
75.14
68.02
54.82
47.05
36.34
100.16
87.16
71.55
62.19
53.37
47.72

varience, sec?

1655185.45
702909.54
360368.27
374392.7
1300502.70
398041.45
412135.91
41752231
204756.1
780264.37
589079.09
351683.57
188959.06
259862.14
775663.56
836664.69
590364.13
463083.03
273442 .41
315727.29
394115.73
98829.07
73587.18
25011.12
87684.87
121166.28
46678.61
53959.74
11751.58
5625.92
4336.44
3494 .88
2371.06
1914.04
1402.65
3692.12
2163.91
1409.20
1058.81
849.22
713.61
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Appendix G

The adsorption equilibrium
constant

Table G.I: Effect of chemical reagents to adsorption equilibrium constant

adsorbent  adsorbate T(°C) K
h2sod ~ benzene 150 95.2381
180 31.1580
190 24.0385
200 19.2963

toluene 180  234.8898
190 116.1824

200 83.1654
210 62.6875

o-xylene 180 403.7027

10 2365503

200 144.5005

210 81.3166

20%HPO4 benzene 180  521.2090
10 417.6410

200 314.3390
210 126.6280

toluene 180  17801.6210

190  12345.3190

200 5037.7360

210 3569.8710

oxylene 180 408279120

10 33295.0623

200 6131.0091

210 3761.9846

50%HPO4 henzene 150  1815.2472
180 9357010

200  394.2345

continued on nextpage
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continued from previous page
adsorbent  adsorbate T(°C) K

210 357.5740
toluene 180 9601.3160
190 6614.5060
200 2602.9170
210 1748.5010
0-xylene 180  48147.467
190 37899.668
200 23181.447
210 20601.512
ZnCI2 benzene 150 7801.5411
180 1859.3581
200 682.8713
210 174.6940
toluene 180  36593.2383
190  21392.8711
200 17810.9536
210 141314741
0-Xylene 180 2593.3

190 987.23
200 312.52
210 24181

Table G.2: Effect of activation temperature to adsorption equilibium constants

column temperature, (° C) activation temperature, (;5C0)

150 200 250 300
180 1053 999 58
190 84 678 533 32 284
200 3 317 25 263 202
210 29 26 2383 20 14

220 204 78



Appendix H

The particle density



Table H.l: The data for determination particle density

adsorbent L, cm  dP Q x 106 Go Re -dPDp/(G02L)
h2so4 104  0.0977 17452 0.0173 0.3073 17901.2934
0.1535  3.0426  0.0301 0.5347 955.8501
0.2298 ~3.9568 0.0392 0.6963 8668.606
0.2512  5.8997 0.0584  1.0374 4384.5748
0.2807 ~ 7.6923 0.0761 1.3518 2961.2051
03743 8.2821  0.082  1.4566 3487.9053
20%H3PO4 92 0.0307 3.0012 0.0297 0.5276 2135.8215
0.0758 45005  0.0445 0.7905 2415973
0.0811  6.7476  0.0668 1.1866 1178.91
0.1208  8.3472  0.0826 1.4672 1179.4339
0.1395 10.3413 0.1024 1.8189 909.4853
0.1747 12.0265 0.119 ~ 2.1138 864.9493
50%H3P04 123 0.3223  1.3528 0.0937 1.7765 798.1539
0.5419 24272 0.1679 3.1837 419.0056
1.1976  6.8775  0.4765 9.0334 116.9309
1.4579  7.924 0.549  10.4058 107.6811
ZnCI2 8.9 12204 45662 0.0445 0.78222 2810.8516
1.7153  6.2369 0.0608 1.0688 1895.3564
2.2103  7.9083 0.0771  1.3553 1789.8744
25531  9.7752  0.0952 1.6734 1391.6452



Appendix |

The properties of carbon

adsorbents

Table 1.1: The physical properties of carbon adsorbents activated which various
chemical reagents

reagent T 0C physical properties
% moisture 12 no. %yield
h2s 04 Pis | .
20%HP04 300 2.1 2% 438
309%HPO04 300 30 320 437
40%H3P04 300 29 3B 467
50%H3PO4 300 38 5l 489
ZnCl2 600 15 1242 42



Appendix

The axial dispersion coefficients

Table J.I: Axial dispersion coefficient of aromatics on various adsorbents

adsorbent  adsorbate  1(°C) Di,(l/sec) DxB, (I/sec)
h2sod  benzene 150 102240  0.1737

180 5.3056 0.1968
190 5.0524 0.2048

200 5.8332 0.2129

toluene 180  18.6460 0.1782

190 3.0455 0.1854

200 3.1919 0.1928

210 3.1079 0.2003

oXylene & 45585 0.1617

190 6.0611 0.1682

200 7.0378 0.1749

210 9.3605 0.1817

20%H3P04 benzene 180 0.4346 0.1968
190 0.4945 0.2048

200 1.3055 0.2129

210 1.7698 0.2212

toluene 180 1.8220 0.1782

190 3.5645 0.1854

200 1.4342 0.1928

210 0.5604 0.2003

OXylene 180 1.6665 0.1617

190 2.8211 0.1682

200 2.8928 0.1749

210 2.6648 0.1817

50%H3P04 benzene 150 1.7983 0.1737
180 1.2203 0.1968

200 0.5903 0.2129

210 0.6047 0.2212

continued on nextpage
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adsorbent  adsorbate  T(") DL, (I/sec) DyiB,(lsec)

toluene 180 0.9175 0.1782
190 0.3017 0.1854

200 0.5978 0.1928

210 0.2882 0.2003

0-xylene 180 0.4727 0.1617
190 0.8376 0.1682

200 1.0687 0.1749

210 1.0279 0.1817

ZnCI2 benzene 150 1.4834 0.1737
180 1.5197 0.1968

190 0.8250 0.2048

200 0.5857 0.2129

210 0.2982 0.2212

toluene 180 0.3795 0.1782
190 0.3208 0.1854

200 0.6608 0.1928

210 0.7017 0.2003

0-xylene = 32.5210 0.1617
190 14,9480 0.1682

200 145010 0.1749

210 29.2120 0.1817
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