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CHONTIRA BOOHFUNG : A STUDY OF PRESSURE SWING
ADSORPTION FOR DEHYDRATING ETHANOL-WATER VAPOR
USING CASSAVA-BASED ADSORBENT. THESIS ADVISOR :

PANARAT RATTANAPHANEE, Ph.D., 146 PP.

ADSORPTION/PSA/ETHANOL/CASSAVA-BASED

The thesis aimed to study the suitability of using cassava-based adsorbent in
fixed bed and pressure swing adsorption (PSA) systems for water separation from
ethanol vapor. A prototype PSA system has been developed for dehydration of
ethanol-water vapor mixture. In addition, the effect several variables on the quantity
of ethanol production rate was studied, including adsorption pressure, adsorption
temperature and feed flow rate. The cassava-based adsorbent prepared from mixtures
of cassava starch and cassava pulp which are material which can decompose
naturally.

The study consisted of two parts, fixed-bed and pressure swing adsorption
experiments. For fixed-bed adsorption results, the cassava-based adsorbent can
removed water from ethanol vapor which increased the ethanol concentration to more
than 99.5 wt%. The capability of water adsorption decreased when the ethanol
concentration in the feed was increased. The water adsorption of cassava-based
adsorbents can be modeled by the Langmiur adsorption isotherm.

The pressure swing adsorption study was designed as a 2° factorial for analysis
with three factors that affecting the ethanol productivity which are adsorption pressure
(P) adsorption temperature (T) and feed flow rate (V). The results showed that all

three factors had an effected on ethanol productivity. The adsorption pressure was the



most significant factor which had an affected on ethanol productivity. The optimal
operating condition for this system was found to be at 3 bars for the adsorption
pressure, 120°C for the adsorption temperature and 600 ml/min for the feed flow rate
with an ethanol production rate of 714 ml/hr. The PSA with cassava-based adsorbent
reported in this study could be an alternative method for production of nearly

anhydrous ethanol.
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(Anderson et al., 1996)
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(Ladisch et al., 1984)
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Y
Chang et al. (2006) finymsgasuuen lowwenan lonauvesenivealaslddining
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[] 82°C
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L
S 2000
o
8 oC = 379.89¢
=
53 1500 4
=
2 ;
3
<
B 1000 4
=
S oC =252.15¢
7] 500 +
<
=
0 L} ]
0 2 4 6 8 10
Concentration of water, mol/m’

v 9
g1/ 2.5 'l Tmifumsgaduveai Tasl¥dagaduainuilednn Tna

(Chang et al., 2006)
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Klinkenberg’s model
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10 80.0 0.51 1.3462 95.4 5.1
15 80.0 0.50 1.3462 95.4 5.0
20 80.0 0.51 1.3462 95.4 5.1
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10 80.0 0.47 1.3465 98.1 47
15 80.0 0.51 1.3465 98.1 5.1
20 80.0 0.60 1.3465 98.1 6.0
25 80.0 0.57 1.3464 97.2 5.7
30 80.0 0.52 1.3464 97.2 5.2
35 80.0 0.63 1.3463 96.3 6.3
40 80.0 0.61 1.3463 96.3 6.1
45 80.0 0.59 1.3462 95.4 5.9
50 80.0 0.65 1.3462 95.4 6.5
55 80.0 0.61 1.3462 95.4 6.1
60 80.0 0.60 1.3462 95.4 6.0
65 80.0 0.69 1.3462 95.4 6.9
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5 84.0 0.50 1.3473 93.9 2.5
10 83.5 0.40 1.3473 93.9 4.0
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5 83.5 0.98 1.3479 98.6 4.9
10 83.5 0.90 1.3478 97.7 4.5
15 83.0 0.86 1.3478 97.7 4.3
20 83.0 0.76 1.3476 96.4 38
25 83.0 0.76 1.3475 95.6 3.8
30 83.0 0.68 1.3475 95.6 34
35 83.0 0.82 1.3474 94.7 4.1
40 83.0 0.66 1.3474 94.7 33
45 83.0 0.74 1.3473 939 3.7
50 83.0 0.70 1.3473 93.9 35
55 83.0 0.60 1.3473 93.9 3.0
60 83.0 0.60 1.3473 93.9 3.0
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5 83.0 0.76 1.3459 95.6 3.8
10 83.0 0.35 1.3459 95.6 3.5
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5 83.5 0.98 1.3479 98.6 4.9
10 83.5 0.90 1.3478 97.7 4.5
15 83.0 0.86 1.3478 97.7 4.3
20 83.0 0.76 1.3476 96.4 3.8
25 83.0 0.76 1.3475 95.6 3.8
30 83.0 0.68 1.3475 95.6 34
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30 83.0 0.66 1.3462 97.1 3.3
35 83.0 0.78 1.3462 97.1 3.9
40 83.0 0.80 1.3462 97.1 4.0
45 83.0 0.94 1.3461 96.2 47
50 83.0 0.68 1.3461 95.7 3.4
55 83.0 0.94 1.3460 95.3 4.7
65 83.0 0.72 1.3459 94.4 3.6
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losuime loszime

Fudy 90.5

1 1.0 1.0 | 0.9 1.1 1.1 1.0 115 120 118 120 99.9 88.9 85 35

2 1.0 1.0 | 0.9 1.3 1.3 1.2 115 120 116 120 100.0 90.7 105 38

3 1.1 1.1 | 1.0 1.2 1.2 1.1 115 117 117 122 99.9 90.7 100 40

4 1.0 1.0 | 0.9 1.3 1.3 1.2 110 115 118 125 100.0 91.6 95 35

5 1.1 1.1 | 1.0 1.2 1.2 1.1 113 120 118 122 99.9 92.5 107 30

6 12 12|11 | 12 | 12 ] 1.0 | 115 | 120 | 117 | 120 99.9 92.5 112 44

7 12 | 1210 12 | 12| 1.1 | 115 | 120 | 115 | 125 100.0 93.5 108 42

8 1.0 1.0 | 0.8 1.2 1.2 1.1 113 117 114 125 100.0 91.6 100 33

9 1.2 1.2 | 1.1 1.2 1.2 1.1 115 120 115 122 99.9 90.7 95 38
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losuime loszime

10 1.3 1.2 | 1.1 1.0 1.0 09 117 122 116 125 99.9 89.8 106 32
11 1.3 1.2 | 1.1 1.1 1.1 1.0 117 122 119 127 99.9 91.6 92 35
12 1.3 1.2 | 1.1 1.3 1.3 1.2 118 125 119 127 98.9 90.7 98 46
13 1.2 1.1 | 1.0 1.3 1.3 1.2 118 125 118 125 98.0 90.7 104 37
14 1.1 1.1 | 1.0 1.2 1.1 1.0 115 125 117 127 97.0 93.5 95 48
15 1.2 1.1 | 1.0 1.2 1.1 1.0 115 125 120 127 98.0 93.5 107 35
16 1.1 1.0 | 0.9 1.1 1.0 0.9 115 125 120 127 97.0 92.5 115 45
593 1624 613
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Fudy 90.7

1 12 [12|n1| 11 | 11| 1.0 | 120 | 122 | 116 | 120 99.0 86.2 110 30

2 13 (13|12 11 | 11| 10 | 117 | 120 | 118 | 122 100.0 88.9 115 37

3 12 [12|n1| 11 | 11| 1.0 | 120 | 125 | 115 | 122 100.0 90.7 120 45

4 12 12|11 ] 12 | 12| 11 | 122 | 125 | 115 | 125 100.0 88.9 109 50

5 11 |11 |to] 13 | 13| 12 | 118 | 124 | 118 | 125 100.0 89.8 118 55

6 11 [ 11|to] 12 | 12| 1.1 | 120 | 125 | 115 | 125 100.0 88.0 115 32

7 12 [12|t1| 12 | 12| 11 | 120 | 125 | 118 | 125 100.0 89.8 120 44

8 10 [10]09] 11 | 1.1 | 1.0 | 119 | 127 | 120 | 125 100.0 90.7 100 50

9 11 |11 |1to] 1o [ 10| 09 | 122 | 127 | 121 | 127 100.0 92.5 112 38
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10 1.2 1.2 | 1.1 1.1 1.1 1.0 118 125 120 127 100.0 93.5 104 46
11 1.2 1.2 | 1.1 1.0 1.0 09 120 124 119 125 99.0 91.6 100 46
12 1.1 1.1 | 1.0 1.0 1.0 09 120 125 122 125 99.0 92.5 108 50
13 1.0 1.0 | 0.9 1.2 1.1 1.0 122 125 122 127 98.1 90.7 105 54
14 1.0 1.0 | 0.9 1.1 1.0 0.9 120 127 123 127 98.1 91.6 114 43
15 1.3 1.2 | 1.1 1.2 1.1 1.0 120 125 122 130 99.0 93.5 106 45
16 1.1 1.0 | 0.9 1.0 1.0 09 120 125 122 130 98.1 92.5 122 52
591 1778 717
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1 1.2 1.2 | 1.2 1.3 1.3 1.2 125 130 122 125 98.9 87.9 110 25

2 1.2 1.2 | 1.1 1.0 1.0 1.0 120 130 120 127 99.9 90.6 105 30

3 1.3 1.3 112 1.2 1.2 1.1 125 130 123 130 99.9 88.8 112 37

4 1.1 1.1 | 1.0 1.3 1.3 1.2 120 125 125 135 100.0 88.8 100 35

5 1.1 1.1 | 1.0 1.2 1.2 1.1 125 130 125 135 100.0 87.9 105 30

6 1.1 1.1 | 1.0 1.3 1.3 1.2 120 130 130 140 100.0 89.7 100 30

7 1.0 1.0 | 0.9 1.3 1.3 1.2 125 130 130 140 99.9 89.7 110 25

8 1.0 1.0 | 0.9 1.3 1.3 1.2 127 135 126 137 100.0 88.8 105 35

9 1.2 1.2 | 1.0 1.3 1.3 1.2 125 135 122 135 99.9 87.0 115 28
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10 1.2 1.1 | 1.0 1.2 1.2 1.1 122 137 123 137 100.0 87.9 110 35
11 1.2 1.2 | 1.0 1.3 1.3 1.2 120 135 120 135 100.0 89.7 116 30
12 1.1 1.1 | 1.0 1.2 1.2 1.1 125 135 120 135 99.9 87.0 120 35
13 1.1 1.1 | 1.0 1.3 1.3 1.2 125 135 121 137 98.9 86.1 115 30
14 12 12|10 12 | 12 | 1.1 | 120 | 140 | 117 | 135 98.9 86.1 124 37
15 1.3 1.2 | 1.1 1.3 1.3 1.2 120 140 120 135 98.0 87.0 120 42
16 1.2 1.2 | 1.0 1.3 1.3 1.2 122 137 122 135 98.9 86.2 115 35
591 1782 519
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9 11 |11 |1o] 1o | 11| 1.0 | 122 | 140 | 124 | 130 100.0 94.6 120 45
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P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 1.2 1.1 | 1.0 1.1 1.1 1.0 120 137 125 135 99.9 96.3 118 40
11 1.2 1.1 | 1.0 1.1 1.0 09 120 135 128 138 99.9 96.3 100 36
12 1.1 1.0 | 0.8 1.2 1.1 1.0 122 135 130 140 99.0 94.6 102 42
13 1.2 1.1 | 1.0 1.2 1.1 0.9 125 133 129 140 98.1 95.5 98 48
14 1.2 1.1 | 0.9 1.0 1.0 0.9 127 133 126 145 99.0 93.7 110 52
15 1.1 1.1 | 0.9 1.0 1.0 0.9 128 135 122 145 97.2 96.3 107 46
16 1.1 1.0 | 0.9 1.2 1.2 1.0 128 135 125 140 98.1 94.6 125 50
591 1728 672
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P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 90.2

1 2.1 2.1 120 2.3 2.3 2.2 120 115 123 120 98.6 81.1 80 40

2 1.9 19 | 1.8 2.1 2.1 2.0 110 110 112 115 99.6 90.2 85 50

3 2.3 23|22 1.9 1.9 1.8 110 108 110 120 100.0 90.2 92 62

4 2.0 20|19 2.1 2.0 1.9 107 110 105 120 100.0 91.1 95 55

5 2.2 22120 2.2 2.2 2.1 110 117 109 118 100.0 91.1 97 60

6 1.9 19 | 1.8 2.2 2.2 2.1 110 115 112 115 100.0 92.9 105 70

7 1.9 19 | 1.8 2.2 2.2 2.1 107 113 110 118 100.0 92.0 100 48

8 2.0 20|19 2.0 2.0 1.8 110 110 106 115 99.6 92.9 110 70

9 1.9 19 | 1.8 2.2 2.1 1.9 110 107 110 117 100.0 92.9 116 85
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P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.1 20 | 1.8 2.1 2.0 1.8 110 113 108 113 99.6 92.9 98 50
11 2.0 20 | 1.8 2.2 2.1 1.9 105 110 111 116 99.6 93.9 120 80
12 1.9 19 | 1.7 2.1 2.1 1.9 105 110 102 115 99.6 92.9 110 75
13 1.9 19 | 1.7 2.1 2.0 1.8 105 114 106 118 98.6 92.0 100 66
14 2.0 20 | 1.8 2.3 2.2 2.0 105 112 110 120 97.7 92.0 105 54
15 2.0 20 | 1.8 2.1 2.0 1.8 105 110 108 118 97.7 92.9 110 67
16 2.0 20 | 1.8 1.9 1.9 1.7 110 115 112 120 96.7 92.0 115 60
373U 1638 992
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i o Ul 1PTOANTY | | . ATOANTY

P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 90.5

1 2.0 20| 19 2.0 2.0 1.9 118 125 117 120 96.0 82.4 110 30

2 2.2 22 | 2.1 2.0 2.0 1.9 115 120 116 120 99.8 86.8 108 45

3 2.1 21119 2.1 2.0 1.9 115 118 115 118 100.8 88.6 110 50

4 2.3 22 | 2.1 2.1 2.1 2.0 116 120 117 122 99.8 87.7 98 54

5 2.1 2.1 120 2.1 2.1 2.0 113 117 113 125 100.8 90.5 106 55

6 2.1 21119 2.0 2.0 1.8 115 120 115 125 100.8 88.6 95 50

7 2.1 21119 2.1 2.1 2.0 115 117 116 124 99.8 89.6 120 50

8 1.9 19 | 1.8 2.1 2.1 2.0 113 116 115 120 99.8 90.5 94 46

9 24 24 | 2.2 2.0 2.0 1.9 115 120 117 125 98.8 89.6 112 53
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A79619 ARdN 1 ARdN 2 AR 1 AR 2 FovazTaohmin) (Haaans)
i o Ul 1PTOANTY | | . ATOANTY
P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.3 23| 2.1 2.0 2.0 1.9 117 120 114 125 98.8 89.6 104 50
11 2.1 21|19 2.2 2.1 2.0 115 118 114 122 97.9 87.7 100 46
12 2.0 20 | 1.8 2.0 2.0 1.9 112 118 111 125 98.8 88.6 108 52
13 1.9 19 | 1.8 2.1 2.1 2.0 112 115 117 127 97.9 86.8 96 55
14 20 |20 | 18| 21 | 21| 20 | 115 | 122 | 119 | 127 98.8 87.7 114 46
15 2.1 21119 2.0 2.0 1.9 113 120 116 125 97.9 89.6 106 45
16 2.1 21|19 2.2 2.1 2.0 115 120 118 128 97.0 88.6 122 48
373U 1703 775
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i o Ul 1PTOANTY | | . ATOANTY

P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 91.0

1 2.2 22 | 2.1 2.1 2.1 2.0 130 130 131 125 99.8 81.8 100 33

2 2.2 22 | 2.1 2.2 2.2 2.1 127 133 128 125 99.8 85.1 105 38

3 2.1 2.1 120 2.2 2.2 2.1 127 130 128 127 100.0 86.8 110 40

4 22 |22 21| 22 | 22| 21 | 125 | 133 | 126 | 127 100.0 87.6 110 35

5 2.2 22 | 2.1 2.3 2.3 2.2 127 135 124 130 100.0 86.8 114 45

6 2.1 2.1 120 2.3 2.3 2.1 125 135 125 135 100.0 89.3 108 40

7 2.1 20|19 2.0 2.0 1.8 125 133 125 140 100.0 89.3 112 42

8 2.0 20 | 1.8 2.2 2.2 2.0 125 135 127 140 100.0 90.2 115 50

9 2.3 2.1 120 2.2 2.1 2.0 122 137 128 137 99.8 88.5 110 40
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i o Ul 1PTOANTY | | . ATOANTY
P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.2 22120 2.1 2.0 1.8 120 140 130 137 100.0 90.2 106 45
11 2.2 21120 2.1 2.0 1.9 125 135 125 140 99.8 90.2 114 35
12 2.1 20| 19 2.2 2.1 2.0 127 135 126 142 98.9 88.5 122 52
13 2.1 20 | 1.8 2.0 2.0 1.8 130 135 126 140 98.0 89.3 110 44
14 2.1 20 | 1.8 2.0 2.0 1.8 132 137 124 137 97.1 91.0 114 46
15 2.0 19 | 1.7 2.1 2.0 1.8 132 137 125 137 98.0 91.9 100 55
16 2.1 20 | 1.8 2.0 2.0 1.8 130 135 125 135 98.0 91.9 125 58
PRV 1775 698
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i o Ul 1PTOANTY | | . ATOANTY

P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 90.0

1 2.5 25125 2.0 2.0 2.0 135 130 131 125 98.9 81.4 110 30

2 2.2 22|22 2.2 2.2 2.1 135 130 124 125 99.8 85.7 100 35

3 2.3 23|22 2.1 2.1 2.0 130 130 122 125 99.8 95.3 95 44

4 2.3 23 | 2.1 2.0 2.0 1.9 125 133 125 125 100.0 97.1 120 40

5 22 22020 22 | 22| 21 | 127 | 135 | 124 | 130 99.8 94.4 114 35

6 22 22020 20 | 20 | 19 | 122 | 135 | 122 | 135 100.0 91.7 122 42

7 2.2 22120 2.1 2.1 2.0 120 135 125 140 100.0 90.0 130 38

8 2.1 20|19 2.0 2.0 1.9 120 135 125 140 99.8 92.6 118 52

9 24 24|22 22 | 22| 21 | 122 | 140 | 128 | 145 100.0 94.4 126 35
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i o Ul 1PTOANTY | | . ATOANTY
P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.1 20|19 2.2 2.2 2.0 120 133 130 147 99.8 97.1 120 40
11 2.2 22120 2.0 2.0 1.8 120 135 135 145 99.8 953 126 34
12 2.1 2.1 |19 2.1 2.0 1.9 122 135 133 145 98.9 91.7 120 42
13 2.2 2.1 120 2.1 2.1 2.0 125 133 126 140 98.9 90.9 116 40
14 2.3 22120 2.1 2.0 1.9 125 135 124 140 98.0 91.7 110 46
15 2.0 20|19 2.2 2.1 2.0 120 135 122 137 98.9 91.7 120 50
16 2.1 21120 2.0 2.0 1.9 120 135 124 140 98.0 90.9 130 55
373U 1877 658
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P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 90.2

1 2.2 22 | 2.1 2.3 2.3 2.2 130 135 130 138 99.4 83.0 120 30

2 2.2 22 | 2.1 2.2 2.2 2.1 127 133 126 135 100.0 83.0 130 35

3 2.1 2.1 120 2.2 2.2 2.1 125 130 128 130 100.0 84.8 125 35

4 2.1 2.1 120 2.1 2.1 2.0 133 133 124 130 100.0 85.7 130 47

5 2.3 23|22 2.2 2.2 2.1 125 133 124 130 100.0 85.7 122 40

6 22 |22 21| 22 | 22| 21 | 127 | 130 | 125 | 125 100.0 87.5 140 42

7 2.2 22 | 2.1 2.3 2.2 2.1 127 130 126 127 100.0 89.3 135 45

8 2.1 2.1 120 2.2 2.1 2.0 127 130 122 133 99.8 89.3 138 46

9 2.1 20 | 1.8 2.0 2.0 1.8 125 135 127 135 99.8 87.5 125 42
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P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.0 20 | 1.8 2.2 2.1 2.0 125 135 124 135 99.4 87.5 133 49
11 2.2 21120 2.1 2.1 1.9 127 135 128 137 99.4 89.3 118 40
12 22 |21 |20 21 | 20| 1.8 | 130 | 135 | 131 | 137 98.4 90.2 122 42
13 2.2 2.1 120 2.2 2.1 2.0 130 135 126 135 98.4 89.3 137 50
14 2.1 20|19 2.2 2.1 1.9 130 137 125 137 96.6 90.2 142 40
15 2.1 20 | 1.8 2.2 2.1 1.9 133 137 127 140 97.5 91.1 130 35
16 2.2 21|19 2.1 2.0 1.8 133 137 129 140 96.6 90.2 145 47
373U 2092 665
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i o Ul 1PTOANTY | | . ATOANTY

P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

Fudy 90.4

1 2.1 2.1 120 2.0 2.0 1.9 125 130 127 125 99.8 83.0 133 22

2 2.2 22|22 2.2 2.2 2.0 125 130 125 127 100.0 83.0 140 30

3 2.2 22|22 2.3 2.3 2.1 125 133 126 130 99.8 84.8 136 32

4 2.0 20| 2.0 2.2 2.2 2.1 127 130 125 130 99.8 85.7 145 36

5 2.1 2.1 | 2.1 2.1 2.1 2.0 130 130 125 130 100.0 85.7 140 40

6 2.3 23|22 2.2 2.2 2.1 130 133 128 135 99.8 87.5 134 35

7 2.3 23|22 2.2 2.2 2.0 130 133 128 135 99.8 89.3 142 42

8 2.2 22120 2.2 2.2 2.1 127 135 126 135 98.8 89.3 150 44

9 2.1 2.1 120 2.1 2.1 2.0 125 135 129 135 98.8 87.5 144 38
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i o Ul 1PTOANTY | | . ATOANTY
P Pl | P2 | P P3 | P4 | TI | T2 | T3 | T4 |aruwansasi AIUNBAN N
losuime loszime

10 2.1 21|19 2.0 2.0 1.9 125 135 126 137 97.9 87.5 153 30
11 2.1 21|19 2.1 2.1 1.9 127 137 131 137 97.9 89.3 147 40
12 2.2 2.1 120 2.1 2.1 1.9 125 137 132 140 96.9 90.2 150 42
13 2.2 2.1 120 2.2 2.2 2.0 125 135 127 140 96.0 89.3 145 48
14 2.1 20 | 1.8 2.2 2.2 2.0 125 140 128 140 96.9 90.2 153 40
15 2.0 20 | 1.8 2.1 2.1 1.9 130 140 126 142 96.0 91.1 160 38
16 2.1 20 | 1.8 2.1 2.1 2.0 130 140 126 142 96.0 90.2 168 47
591 2340 604
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2.1 Tuseumsilouaulisunsy Minitab aviSumsnaasudauvinneiSea

A ax A o a g A an R {
D) @onIsNITNITNINTUATICH Iﬂﬁlla'ﬂﬂ?ﬁ Factorial AU

Basic Statistics

Regression

ANOVA

1) ta9n Stat

Contral Charts
21/6/2 Quality Tools 3

Reliability/Survival

Welcome to Minitab, e Variability...

Multivariate

»

EDA

Power and Sample Size b

+ c1 Cc2 c3 c4 cs Ce Cc7 cs c9 Cc1o C11 c12 C

2) 1200 Type of Design (1)1 2-Level 1tag Number of factors (191 3 (S11473Uv091T98)

) Y
AR Options tWBloUA1 P, T, V 11a¢ Product 91n1 1A OK

Eile Edit Data Calc Stat Graph Editor Iools Window Help

2E & ti1#é O LB 03I CEE

®

Create Factorial Design

Welcome to | Type of Design

¥ 2-evel factorial (default generatars) (2 to 15 factors)

" 2-evel factorial (specify generators) (2 to 15 factors)
" Plackett-Burman design {2 to 47 factors)
" General full factorial design (2 to 15 factors)

Display Availsble Designs...
Designs...

2) NA Option titeYousn

Number of factors: |[E

=

P T V uag Product

c4 C5 [¥3 c7 c8 9 cio ci1 €12 €13 c1

[ Worksheet

DIIUIUVDY
Cc1 C2 c3




3) 1) Stat --> DOE --> Factorial --> Analyze Factorial Design MeATIZHIa

[ Minitab - mamssusesims Tuaduiwi.MP]

Eile Edit Data Calc gStat Graph Editor Tools Window Help

Basic Statistics 3 (oK

Regression

ANOVA

‘Create Factorial Desig

Control Charts Response surface

Define Custom Factorial Design...

Quality Tools
Reliability/Su

Mixture

t Optimal De

Taguchi

PV Pre-Process Responses for Analyze Variability..

Tocments tnamssuins  Multivariate Yy

0, Modify Design.., =N Analyze Factorial Design

Time Series

Results for: Workst

D, Display Design..
Tables »

Main Effects Plotfo  yonparamet

EDA

Interaction Plp

2) 1aen DOE

Worksheet 2 ++*

c1 c2 c3 ca Cc5 c6 c7 c8 c9 cio c11 c12 c13 c1a

StdOrder RunOrder CenterPt Blocks P T v Product
1 1 1 1 2 120 439 0.790
2 4 2 1 1 2 130 342 0.935
3 3 3 1 1 2 130 459 0.925
4 7 4 1 1 3 120 600 0.800
5 2 5 1 1 2 120 342 0.784
6 6 6 1 1 3 130 795 0.913
7 3 7 1 1 3 120 795 0.716
8 8 8 1 1 3 130 600 0.939
9

4 ¥ qu
4) 11IBNA Analyze Factorial Design 31011 1111880 C8 Product

3 minitab - nansfusesiansluaiului.MPI

File Edit Data Calc Stt Graph Editor Tools Window Help
[= =1 Hti1é 92 {8 @337n COE @
] I

Bl Analyze Factorial Design

elcome to Minitab, press FL ©

le:
msms Tiadea o C8  Product Responses:
Product
Results for: Worksheet 2
Main Effects Plot for Product
Interaction Plot for Product
=) Terms.. | Covariates | Prediction... |
B c1 c2 c3 ishts 11 c12 c13 c14
StdOrder RunOrder CenterPt BN
Help oK Cancel
2 4 2 1 1 2 130 342 0.935
3 5 3 1 1 2 130 459 0.925
4 7 4 1 1 3 120 600 0.800
5 2 5 1 1 2 120 42 0784
6 6 6 1 1 3 130 795 0.913
7 3 7 1 1 3 120 795 0.716
8 8 3 1 1 3 130 600 0.939

129



A A A Vo Ay a ¢ A o P
5) 1910 Results LW@La@ﬂﬂ1ﬁ3!l‘ﬂi“ﬂﬁﬂ\‘]fnﬁ'llﬂi']gﬂ (!aﬂﬂnﬂﬁﬁllﬂﬁ) 1Hana OK

Eile

Edit Data

=d &

Calc Stat Graph Editor Toals

E 114

window  Help

oe

e N WM W e

Worksheet 2 ¥+

ci
StdOrder RunOrder CenterPt
1

4
5
7
2
6
3
8

Results for: Worksheet 2

c2

@ e i b w e

Main Effects Plot for Product

Interaction Plot for Product

c3

BNy

Cisplay of Results
" Do not display

" Cosffidents and ANOVA table

@ Unusual observations in addition to the above

© Full table of fits and residuals in addition to the above
Display of Aliss table

" Do not display

@ pefaultinteractions

 Interactions up through order:

Display of Least Squares [Jed
Available Terms:

Cancel

120 600  0.800

3
2l 120 342 0784
31300 785 ET.913+

3 1200 795 0716
3 130 600 0930

130



.2 wamﬁmswﬁiﬂmnm Minitab15 §1vi5umsnaaeuBavinneisea

131

Factorial Fit: Product versus P, T, V

* NOTE * This design has some botched runs. It will be analyzed using a
regression approach.

Estimated Effects and Coefficients for Product (coded units)

Term Effect Coef
Constant -7.884
P 6.278 3.139
T 0.134 0.067
v 0.026 0.013
P*T -0.047 -0.024
P*V -0.011 -0.006
T*V -0.000 -0.000
P*T*V 0.000 0.000

S = * PRESS = *

Analysis of Variance for Product (coded units)

Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 0.0512274 0.0028956 0.0009652 * *
2-Way Interactions 3 0.0014497 0.0018870 0.0006290 * *
3-Way Interactions 1 0.0004744 0.0004744 0.0004744 * *
Residual Error 0 5 * *

Total 7 0.0531515

Estimated Coefficients for Product using data in uncoded units

Term Coef
Constant -7.88431
P 3.13877
T 0.0672231
v 0.0130769
P*T -0.0237231
P*V -0.00569231
T*V -1.00513E-04

P*T*V 4.34188E-05
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Cassava-based Adsorbent for Ethanol Dehydration
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Abstract

This research investigated water adsorption
efficiency of adsorbent prepared from cassava starch
and cassava pulp in a bench-scale packed-bed
adsorption system. Parameters of interest are effect

of adsorbent quantity, and ethanol concentration of

starting solution on ethanol concentration in
condensates leaving the adsorber. Water adsorption
isotherm of the adsorbent appeared to fit a favorable
Brunauer’s Type I or Langmuir isotherm. The
process could prepare ethanol solution with
concentration higher than its aqueous azeotropic
point, which could not be achieved in normal
fractional distillation. The ethanol production
obtained was in a vicinity of 0.3 gram ethanol per
gram of adsorbent. In conclusion, adsorption using
cassava-based adsorbent was able to dehydrate
ethanol solution and could be an alternative

technique for production of anhydrous ethanol.

Keyword: Ethanol Dehydration, Biomass-derived

Adsorbent, Cassava

1. Introduction

Complication of a process for ethanol
dehydration by fractional distillation arrives when
the solution is in the vicinity of its azeotropic point
(95.6 wt% ethanol), where both compounds are not
separable by fractional distillation. Azeotropic
distillation to bring ethanol concentration up to an
anhydrous level is an energy-intensive and requires
a use of toxic organic entrainers such as benzene. As

a result, anhydrous ethanol is normally produced by
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distilling the solution until ethanol concentration of
about 75-90 wt% is achieved, and other techniques
are employed after that to remove water to a
minuscule level.

One of the energy-efficient techniques widely used
for dehydration of ethanol is adsorption, and starchy and
cellulosic biomass are among several adsorbents that
have been used. Examples of the biomass-derived
adsorbents include cracked corns [1], corn meal [2]-[4],
corn grits [5], [6], xylan and wood chips [7], [8], wheat
constituents [9], [10], natural corncobs, natural and
activated palm stone and oak [11].

It has been accepted that ethanol dehydration by
adsorption requires far less energy than the
conventional azeotropic distillation [12]. Adsorption
with biomass-derived adsorbent is also less energy-
consuming than adsorption using other adsorbents.
For example, the total energy consumed in dehydration
of ethanol using cellulose was reported to be
2,873 kJ/KE pmot- While the adsorption using calcium
oxide (CaO) was 3,669 KI/K€.nna [1]- In addition,
biomass-derived adsorbents need less energy for
regeneration than synthetic adsorbents [13].

Another attractive advantage of using biomass-
derived adsorbent is that, when regeneration is not
practical, the spent adsorbents could be used as a
feedstock of fermentation, either for ethanol or biogas
production. In addition, deposition of starchy
and cellulosic adsorbents is unproblematic
and environmental friendly due to their readily
biodegradability. All these advantages lead to growing
interest in using this type of materials as a potent
desiccant for drying gaseous and organic compounds.

Ability of starch and cellulose to adsorb water is
a result of interaction in form of hydrogen bonding

between free hydroxyl groups (-OH) on their glucose

hydrogen
bonding
O—H

water
H /
AN
H™

srarch/

Figure 1 Hydrogen bonding between starch and water.

units and the water molecules [14] as depicted in
Figure 1. Water is by nature more polar than organic
compounds such as alcohols; therefore, it interacts with
hydroxyl groups of the glucose-containing adsorbent
with higher strength and faster rate. Consequently,
aqueous alcohol solution passing through bed of
starchy or cellulosic materials would come out with
lower concentration of water in the solution.

Thailand ranks the third, following Nigeria and
Brazil, of countries that produce cassava root with a
total root production of 25-30 million tons annually,
which sums up around 10% of the world production.
This country, however, is the first in production and
exportation of cassava-derived products [15].
Nakhorn Ratchasima is a province in northeast
region of Thailand that has largest cassava planting
area. As a result, there are many cassava starch
production plants locating in this province.

Wet cassava pulp is created abundantly during
the production of cassava starch. This material still
contains sufficient amount of cellulose fiber and
starch and usually sold very cheaply at 100-400
Baths/ton (about $3-8$12/ton), to animal feed
manufacturers. When the demand from animal feed

industry is low, cassava pulp accumulates and rots,
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causing an extremely unpleasant smell, which is an
environmental problem commonly encountered in
the area around cassava starch factories.

In present study, new adsorbent with a
capability in removing water from ethanol vapor
was developed using cassava pulp as one of the
main ingredient. The water adsorption efficiency of
the adsorbent was tested by monitoring the ethanol
concentration in condensates leaving from a bench-
scale packed-bed adsorption system. Parameters of
interest were quantities of adsorbent and ethanol

concentration of starting solution.

3

. Materials and Method

[

.1 Cassava Starch and Cassava Pulp

Native cassava starch and wet cassava pulp
were provided from Sanguan Wongse Starch
Industries (Nakhorn Ratchasima, Thailand). Cassava
pulp was sun-dried for 24 hr followed by drying in
hot air oven at temperature of 110°C for another
12 hr. Moisture contents of the pulp were monitored
by a moisture analyser (Precisa, XM60). Dried
cassava pulp was ground and selectively screened.
Pellets with sizes between 30-40 Mesh (0.420-

0.595 mm) were used in adsorbent preparation.

2.2 Adsorbent Preparation

Cassava starch and dried ground cassava pulp
were weighed and mixed with an addition of 0.1 M
NaOH. The mixture was stirred while being heated
at temperature about 65°C for 10 min. The mixture
was then spread out on an aluminum pan and was
dried for 12 h in the hot air oven at 110°C. The dried
mixture was then ground and sieved, and pellets
with size between 30-40 Mesh were used as the

adsorbent in this study.

=
£
=
[}
o
£
2
=
5
G
&
k=3
T

starting
L solution
=
heating
mantle

Figure 2 Bench-scale packed bed adsorption.

2.3 Characterization of the Adsorbent

Surface morphology of the adsorbent was
visualized by scanning electron microscopy (SEM)
Adsorbent pellets were fixed on a metal stubs and
coated with gold. Images of the sample surface was
scanned and photographed using a JEOL JSM-6400
scanning electron microscope operating at 20 kV.

Crystallinity of the adsorbents was investigated
by X-ray diffraction (XRD) using a powder x-ray
diffractometer (Model D5005, Bruker), with Ni-
filtered Cu-Ka radiation. All the spectra were
recorded with 20 angle in the range of 5 to 75°, Cu
target, 40 kV, 40 mA, a step size of 0.02°with a scan
step of 0.4 second per step.

2.4 Ethanol Dehydration in Bench-scale Packed-
bed Adsorption

A schematic of bench-scale packed bed
adsorber for ethanol vapor dehydration is shown in
Figure 2. The adsorbent was packed in a jacketed
Chromaflex column (Kontes 420870-3010) with an
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Figure 3 Breakthrough curves when using 10 g of

adsorbent.

inside diameter of 2.5 cm and a length of 30 cm.
Column wall temperature was maintained at 90°C
by circulating hot water through the jacket.

Starting aqueous solution with known ethanol
concentration was heated in a 500-ml round-
bottom long-neck flask surrounded by an electric
heating mantle. The vapor was passed through the
column, and the exit stream was condensed using
water as a cooling medium. The process was
operated semi-batchwisely with periodically
addition of ethanol solution into the flask in order
to maintain the constant concentration of the
starting solution.

Fractions of condensates were collected at
regular time interval and were analyzed for ethanol
concentration using Abbe refractometer. When the
experiment is terminated, spent adsorbent was
removed from the column and regenerated for reuse

by drying in the hot air oven at 110°C for 12 hours.

3. Result and Discussion

Breakthrough curves of water adsorption on
the prepared adsorbent when ethanol with different
water contents were used as starting feed are
illustrated in Figure 3. Cy, is water concentration in
the vapor mixture condensed from the adsorber at
any time and Cy, is the concentration of water in
the vapor at the starting (zero time) of the
experiment. To ensure that adsorbent saturation
and complete shape of the breakthrough curves
were achieved, the column was packed with only
10 g of the adsorbent. Feed solution with ethanol
concentration of 75 and 85 wt% were also studied
(data not shown here). Water loading, W, which
expressed as gram of water adsorbed (g,) per gram
of adsorbent used (g,,.), was calculated for each
experiment and were plotted against the
corresponding feed concentration.

The adsorption isotherm illustrated in Figure 4
shows that adsorption of water on cassava-based
adsorbent resembles a favorable Brunauer’s Type I

or Langmuir isotherm, which follows the relation:

W=W__ _Ke ] M
I1+Ke

Where W = water loading , g,/

W = Maximum water loading

¢ = water concenfration in solution, g/L.

K = adsorption constant, L/g

Parameter W, . and K, determined by a

method of curve fitting from the isotherm data, were
found to be 0.067 g, /g, and 0.03 L/g, respectively.
These values were verified by calculation of water
loadings and plot the value obtained back into

Figure 4. The R? of the plot is 0.95 indicating a
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Figure 4 Adsorption isotherm when using 10 g of

cellulosic adsorbents, R = 0.95.

fairly good agreement between the calculated results
and the experimental data.

Breakthrough curve of adsorption using
different quantities of the adsorbent are
summarized in Figure 5. The starting solution in
every experiment was of 90 wit% ethanol
concentration. Breakthrough data obtained from
these experiments are displayed in Table 1. As
seen, concentrations of water below the
breakthrough point, Cy/Cy,y<0.05 or ethanol
concentration of about 99.5 wt% in the collected
condensate, were obtained when more than 20 g of
adsorbent were packed in the column.
Breakthrough time, as expected, increased with
increasing adsorbent quantities.

Experiments with 60 g of adsorbent resulted in
the longest breakthrough time of 52.4 min, which
was considerably longer than a breakthrough time of

7.1 min when using 40 g of adsorbent. Water

200

Cw/Cwa

0 20 40 60 80 100 120 140

Time (min)

420g ®30g <40g W®Wa0g

Figure 5 Breakthrough curves of different
quantities of cassava-based adsorbents

with feed concentration of 90 wt% ethanol.

loading for systems using 90 wt% ethanol as starting
solution was found to be in vicinity of 0.045 g_/g 4
for all experiments except a considerably under-
calculated value of 0.030 g/g.4 oObtained from
experiments using 60 g of adsorbents. Reasons to
this could be a particle arrangement and a packing
characteristic inside the adsorption column when
comparatively large amount of particles were
packed inside the column causing dense section at
the point where the feed entered, hence obstructing
good vapor distribution and sufficient access to
adsorbent surface. One of the evidence that could
verify this hypothesis is the 0.60 ml/min condensate
flow rate which is significantly lower than those
around 1 ml/min in the system using 30 g and 40 g
adsorbent. Water loading in this system could have
been higher if the adsorbent distribution and access
to the adsorbent surface in the column had been

improved.
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Table1l Breakthrough data for water adsorption
of 90.0 wt% ethanol using different

adsorbents quantities

Adsorbents | Breakthrough | Average Water | Water Ethanol
quantity Time? condensate | adsorbed | loading | Production®
flow rate
(] (min) (ml/min) | (22) | (2a/2:0) | (gethanol/gads)
10 N/A 092 0.454 0.045 N/A
20 16 0.70 0.825 0.041 0.197
30 34 1.01 1.528 0.051 0292
40 71 095 1.900 0.048 0285
60 524 0.60 1.808 0.030 0338

2 FEvaluated at breakthrough concentration CW/CWO0 = 0.05
' Gram of ethanol with concentration > 99.5 wt% produced per gram of adsorbent

Ethanol production, defined as gram of
ethanol with concentration higher than 99.5 wt%
that was produced per gram of the adsorbent,
appeared to be approximately 0.3 g.pno/Saq When
more than 20 g of adsorbent was used for
dehydration of 90 wt% ethanol solution. This value
is close to that of 0.284 g.y.00/Bags i a study using
corn grit as the adsorbent to dehydrate a solution of
17.5 mol% water in ethanol, which was equivalent
to a 91.7 wt% ethanol solution [5]. With a
comparable capacity to corn that costs around
7000-8000 Baths/ton, cassava-based adsorbent
holds an advantage of cheap main ingredient that
makes it an attractive choice for water adsorption
using biomass-derived material.

SEM images show that the adsorbent pellets’
shape and surfaces are not uniform (Figure 6a). In
closer view (Figure 6b), it can be seen that
significant portion of the adsorbent surface was
covered by numerous sphere particles (most likely
starch), with gel-like layers appeared to cover on
some portion of the particle surface (Figure 6c).
These layers, which could have been created by
starch gelatinization when the mixtures were heated

during adsorbent preparation, presumably acted as a

201

Fignre 6 SEM images of (a) adsorbent particles;
(b) and (c) adsorbent surface.

glue to hold all the components together and provide
structural strength to the adsorbent.

Gelatinization could increase the adsorption
capacity of the starch, because it causes crystalline
structure to become amorphous, which is desirable
for water adsorption. However, gelatinization may
also leads to retrodegradation of starch, which
causes an increase in the crystallinity and also

structural changing that can adversely affect the
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Figure 7 X-ray diffractograms of cassava adsorbent.

adsorption of water vapor, as crystallinity hinders
the adsorption of water because the —OH groups on
adjacent glucose units form complexes with each
other and cannot adsorb water unless this secondary
hydrogen bonding dissociates [12].

For the case of the adsorbent utilized in this
study, increase in crystallinity by retrogradation after
gelatinization might be insignificant when consulting
its X-ray powder diffractogram (Figure 7) as it depicts
very low proportion of crystallinity. This could mean
that the extent of gelatinization that took place during
adsorbent preparation did not sufficiently lead to
retrogradation of the starch, or it could mean that most
of starch crystallinity was destroyed by the high
temperature employed for heating the mixture in
adsorbent preparation, since it has been reported that
cassava (tapioca) starch crystallinity, molecular order
and DSC enthalpy were completely lost at~ 69.5°C
upon heating in water [16]. More extensive studies are
necessary to investigate whether the presence and
extent of gelatinized layer formed during adsorbent
preparation could have any effect on water adsorption
properties of the adsorbent. At this point, the cassava-
based adsorbent could be regarded as amorphous

rather than crystalline materials.

202

4. Conclusion

Cellulose-based adsorbent prepared from
cagsava pulp as one of the main ingredient was
proved to be capable of adsorbing water in vapor
form. This ability is presumably due to interaction
between water molecules and free hydroxyl groups
on the glucose units of starch and cellulose, which
has been reported for this type of materials.
Breakthrough study of water adsorption on the
adsorbent showed a favorable Brunauer’s Type I or
Langmuir isotherm. Results from fixed-bed
adsorption showed that cassava based adsorbent was
able to selectively adsorb water and, in
consequence, dehydrate ethanol vapor, leading to
ethanol solution with higher purity than that of the
starting solution. This study elucidates that cassava
pulp could be a raw material for preparation of
adsorbent with target use of water adsorption. In
conclusion, water adsorption with cellulose-based
adsorbent could be an economical technique to
produce anhydrous ethanol in country with large

area of cassava plantation like Thailand.
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Pressure Swing Adsorption with Cassava
Adsorbent for Dehydration of Ethanol Vapor

Chontira Boonfung and Panarat Rattanaphanee

Absfract—Ethanol has become more atfractive in fuel industry
either as fuel itself or an additive that helps enhancing the octane
number and combustibility of gasoline. This research studied a
pressure swing adsorption using cassava-based adsorbent prepared
from mixture of cassava starch and cassava pulp for dehydration of
ethanol vapor. The apparatus used in the experiments consisted of
double adsorption columns, an evaporator, and a vacuum pump. The
feed solution contained 90-92 %wt of ethanol. Three process
variables: adsorption temperatures (110, 120 and 130°C), adsorption
pressures (1 and 2 bar gauge) and feed vapor flow rate (25, 50 and 75
% valve opening of the evaporator) were investigated. According to
the experimental results, the optimal operating condition for this
system was found to be at 2 bar gauge for adsorption pressure, 120°C
for adsorption temperature and 25% valve opening of the evaporator.
Production of 1.48 grams of ethanol with concentration higher than
99.5 wt% per gram of adsorbent was obtained. PSA with cassava-
based adsorbent reported in this study could be an alternative method
for production of nearly anhydrous ethanol. Dehydration of ethanol
vapor achieved in this study is due to an inferaction between free
hydroxyl group on the glucose units of the starch and the water
molecules.

Keywords—Adsorption, PSA, Ethanol, Dehydration, Cassava.

1. INTRODUCTION

WATER adsorption is one of energy-efficient techniques
that are widely used for dehydration of ethanol, and
starchy and cellulosic biomass are among several adsorbents
that have been used for this purpose. Examples of the
biomass-derived adsorbents include cracked corns [1], corn
meal [2]-[4], corn grits [5], [6], xylan and wood chips [7], [8],
wheat constituents [9], [10], natural corncobs, natural and
activated palm stone and oak [11]. These materials offers
several advantages that have led to growing interest in using
them as potent desiccants for drying gaseous and organic
compounds. For example, adsorption with biomass-derived
adsorbent was reported to be less energy-consuming than
adsorption using other adsorbents. The total energy consumed
in dehydration of ethanol using cellulose was reported to be
2,873 kJ/Kgemano, While the adsorption using calcium oxide
(Ca0) was 3,669 kI/kZpwe [1]- Also, biomass-derived
adsorbents were found to need less energy for regeneration
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than synthetic adsorbents [12]. Another advantage is that
when regeneration is not practical for the spent adsorbents,
they could be used as a feedstock of fermentation, either for
ethanol or biogas production. In addition, deposition of starch
and cellulose base adsorbent is unproblematic and
environmental friendly due to their readily biodegradability.

Ability of starch and cellulose in selectively adsorption of
water is a result of interaction in the form of hydrogen
bonding between free hydroxyl groups (-OH) on their glucose
units and the water molecules [13]. Water is by nature more
polar than organic compounds such as alcohols; therefore, it
interacts with hydroxyl groups of the glucose-containing
adsorbent with higher strength and faster rate. Consequently,
aqueous alcohol solution passing through bed of starchy or
cellulosic materials would come out with lower concentration
of water in the solution.

Wet cassava pulp is cellulosic material that is normally
created abundantly during the production of cassava starch in
Thailand. This material is usually sold very cheaply at 100-
400 Baths/ton (about $3-$12/ton), to animal feed
manufacturers. When the demand from animal feed industry is
low, cassava pulp accumulates and rots, causing an extremely
unpleasant smell, which is an environmental problem
commonly encountered in the area around cassava starch
factories.

Capability of biomass adsorbent prepared from cassava
pulp. which still contains sufficient amount of starch, was
used successfully in packed-bed adsorption system
dehydration of ethanol vapor [14]. In this study, water
adsorption capacity of the adsorbent is tested in pressure
swing adsorption. Effect of operating variables including
adsorption temperature and pressure as well as feed flow rate
on ethanol concentration in the products and ethanol
production rate was investigated.

1I. MATERTALS AND METHODS

A. Cassava Starch and Cassava Pulp

Cassava starch and dried ground cassava pulp were
weighed and mixed with an addition of 0.1 M NaOH. The
mixture was stirred while being heated at temperature about
65°C for 10 min. The mixture was then spread out on an
aluminum pan and was dried for 12 h in the hot air oven at
110°C. The dried mixture was then ground and sieved, and
pellets with size between 30-40 Mesh were used as the
adsorbent in this study.
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Fig. 1 Schematic diagram of PSA process

B. Adsorbent Preparation

Cassava starch and dried ground cassava pulp were
weighed and mixed with an addition of 0.1 M NaOH. The
mixture was stitred while being heated at temperature about
65°C for 10 min. The mixture was then spread out on an
aluminum pan and was dried for 12 h in the hot air oven at
110°C. The dried mixture was then ground and sieved, and
pellets with size between 30-40 Mesh were used as the
adsorbent in this study.

C. Pressure Swing Adsorption

Double-column PSA apparatus used in this study was built
in-house. The schematic diagram of the system is show in Fig.
1. The adsorption columns were made of stainless steel
columns with a length of 30 cm and an inner diameter of 5
cm.

At the beginning of the experiment, the evaporator was
filled with an ethanol solution with 90-92 %wt of ethanol. The
heater was turned on and the cycle time of the operation was
set by timer controller. The optimal cycle time for the
apparatus used in this study was found to be 4 min for
adsorption and 1 min for desorption (Adsorption /Desorption:
4/1). When the pressure in the evaporator reached up to the
desired adsorption pressure, valve GV-1 was opened. The
ethanol vapor was passed through the top of column-1 where
water adsorption was firstly taken place.

III. RESULTS AND DISCUSSION

Three operating variables of ethanol dehydration by PSA
process were investigated in this study, i.e. adsorption
temperature (T), adsorption pressure (P), and feed flow rate.
The latter was controlled by adjusting the percent opening (v)
of valve GV-1 at the evaporator. Values of the variables in
each experiment are shown in Table I. The process outputs of
interest were ethanol concentration in the product and ethanol
production expressed in grams ethanol per gram adsorbent

(gron/gads)-

TABLEI
OPERATING VARIABLES OF PSA PROCESS
Run T(°C) P (bar) v (% valve opening)
1 110 1 50
2 120 1 50
3 130 1 50
4 120 2 25
5 120 2 50
6 120 2 75

A. Effect of Adsorption Temperature

The effect of the adsorption temperature on capability of
cassava-based adsorbent to remove water from ethanol was
investigated. The results are shown in Fig. 2. It can be seen
that the concentration of ethanol in the product at
adsorption
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temperature of 120 and 130°C were significantly higher than
at 110°C. This could be due to some degree of vapor
condensation when the temperature was not sufficiently high
because the used adsorbent in experiment with adsorption
temperature of 110°C appeared to be quite wet.

The used adsorbent was found to be partially burned in
experiment with adsorption temperature of 130°C despite the
high ethanol concentration obtained in the product. As a
result, the optimum temperature was chosen to be at 120°C in
this study.
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Fig. 2 Effect of adsorption temperature on concentration of ethanol
product (%wt): m 110 °C; 0 120 °C; A130°C

B. Effect of Adsorption Pressure

The effect of adsorption pressure was studied at 1 and 2 bar
(2 and 3 bar absolute), and the ethanol concentration obtained
from the process are shown in Fig. 3. It can be observed that
the concentration of ethanol product was increased with
adsorption pressure. The optimum adsorption pressure for the
apparatus used in this study was therefore chosen to be at 2
bar.
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Fig. 3 Effect of adsorption pressure on concentration ofethanol
product (%owt): o0 1 bar; A 2 bar.

C. Effect of Feed Flow Rate

Effect of feed flow rate on ethanol concentration in the
product is shown in Fig. 4, which indicates that decreasing
feed flow rate by decreasing percent opening of valve GV-1 at
the evaporator could improve the concentration of ethanol in
the product. This was likely due to longer contact time
between the vapor and the adsorbent at low feed flow rate.
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Fig. 4 Effect of feed flow rate on concentration of ethanol product
(%owt): m 25 Y%valve opened; A 50 %; o 75 Y%valve opened

Ethanol production, grion/Z.s. obtained from experiments
with different values of operating variables are shown in
Table 2. As seen, the ethanol production was found to be
highest at percent valve opening of 25%. This value was thus
selected as the optimum point for feed flow rate controlling in
this study.

TABLEII
ETHANOL PRODUCTION FROM PSA WITH CASSAVA ADSORBENT
T P v CEOH/Cad:
Q) (bar) (Yvalve opening) (99.5%wt)
110 1 50 -
120 1 50 0.767
130 1 50 0.228
120 2 50 1.366
120 2 25 1.480
120 2 75 0.706

IV. CONCLUSIONS

Ethanol dehydration in PSA process using cassava
adsorbent was tested in this study. Effect of three operating
variables i.e. adsorption temperature, adsorption pressure and
feed flow rate, on ethanol concentration in the product and
ethanol production from the system were investigated in order
to obtain the optimum operating conditions of the apparatus.
Results from various experiments showed that increasing
adsorption pressure and decreasing of the feed flow rate led to
increased concentration of ethanol in the product. The
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optimum conditions were found to be at 120°C for adsorption
temperature, 2 bar for adsorption pressure, and 25% valve
opening at the evaporator for feed flow rate controlling. This
study elucidates that cassava pulp could be a raw material for
preparation of adsorbent with target use of water adsorption.
In conclusion, water adsorption with cellulose-based
adsorbent could be an economical technique to produce
anhydrous ethanol in country with large area of cassava
plantation like Thailand.
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