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Apvendix A

bpuitibriw Isothermal Adcorption

JD5%q 9% €, . PCAEE 2 ;
. N -i) 1 "Z/ ! 48 hrs. N
No. G = N2 ) teal® c* [ w
TP | S N @7#&11 {q{tr‘)(%{tro (cw/gn)
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o

~~0
Terp, 30°C

Table A~1

Mguirihrdun Adsorption of Formaldelirde

| / Aotel adsorption time

240011 /gp(/i//’3or 0.46 | 20.1 7.0 |  0.66

203532 4;)gq/ RO 182 | s 23.0| 0,91
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20063 | 6970 LALE ] 9019 | o7 | 4500 .18
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1957 | 16240 1,69
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=

240105 '@,gét'*;' 60,2 )
&“——“

2. 1311 | 0.2 101a1 1571 131.2 | 102,0 1ol
“e0099 1 185.1 115003 | 1.67 | 16501 | 15205 | 1.56
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mx 102 (gm of formaldehyde adsorbed/gm of activated carbon)
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Fig.A-1 Equilibrium Adsorption of Foriidehyde at 30°C



Table A-2

Equilibrium Adsorption of Sodium Hydroxdide

105

m, G, c* n X 10°

hs o4 (gm) | (olar)| (olar) |(gm/1itre)(en/gm)
1 20,0351 | 0,1073| 0.0153 | 0.6132 | 0.9180
2 199196 0,0307], 0.0043 | 0.1720 | 0,2650
3 20, 1/24‘@“/5 @,06*?1:‘71?4'5;:@029 0.1148 | 0.0476
4 2&% ,/0.0230 0,003¢ | 0.1532 | 0.1911
5 | 20,1162/ i 0.0155 0:Q038 | 0,1532 | 0.1163
6 9(34 \:vo~0155 0.,0038 | 0,1532 | 0,1172
. OZO’? v'_‘":‘._f/}é;."@*ﬁ?‘ 0.0029 | 0,1148 | 0,0860
8 1 9. %595“:—‘*%0658 0.0019 | 0,0768 | 0,038
9 2@,W,~ 017241 /9-,?’%68 1.0728 | 1.4560
10 190053 | 0055, 0.89e | 1,993 | 5.0970
11 19,8763 0.9303| 0.0843 3.3716 845200
12 20,0351 | 1.4598| 0.1226 | 4.9042 | 13.3480
13 19.9821 | 1.7663] 0,1686 | 6.7433 | 15.9913
14 20,8956 | 2.0613| 0.2165 | 8.6588 | 17.6570




mx 102(gm of NaOH adsorbed/gm of activated carbon)
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Concentiration C~ (gm/litre

Fig.A-R Equilibrium Adsorpiion of Sodium Hydroxide at 30°C



Table A-3

Equilibrium Adsorption of Sodium Carbonate

107

- c, ek J m X 10°

Srpstio, (gn) | (elar) | (olar) (gm/11trq) (z/cm)
1 R0.0557| 0.1073 | 0.0675 | 7.1580 | 1.0510
2 19,9225 Qu0BE7/ | 0,015 | 1.2184 | 0.4587
3 19.94% 0.0163—;0'.0062 0.6600 | 0,2673
4 29«6486 /0.0153 0;0038 0.4062 | 0,303
5 19?3% 9;6&348 00029 | 0.3046 | 0.0509
6 19/%7 &“01{‘65‘ 0.0038 | 0.4062 | 0.1781
7 20,6557 o.”oﬂsf_ 0.0053 | 0.5584 | 0.1647
g 20, os%f c;.@ossf - 0,0019 | 0.,2035 | 0.1009
9 1 R0STI374=0,6889 O.é% 2,0151 | 1.8500
10 i@%“@jﬁ - 6.1332 | 7.1500
111 20,0034 [ 0.5651 | 0.0989 | 10,4813 | 1243500
12 1948952 0u7548 | 041351 | 1443227 | 16,5100 |
13 19.9755| 1.0204 | 0,1852 [ 19.6312 | 22,1400
14 1998321 11475 | 0.2576 | 27,3056 | 24,8500
15 199845 | 0u4540 | 0.0756 | 8,0104 | 10.0400
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© FigeA-3 Equilibrium Adsorption of Sodium Carbonate at 30°C
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Fig.A~4 Equilibrium Adsorption of lMixture of Sodium Hydroxide and Sodium Carbonate at 30°C
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4’000- - Table A-S
Calibration of Rotanmeter
Rotamater Flow, rate
Reading (mm) (cm®/min)
10 ) 320
15 530
20 710
. 30 1040 " A
5,000 | 35 1260
4o 1440
ks 1600
50 1780
55 1960
60 -~ 2160
. 65 2340
q 70 2530
: 75 /8745
-~ 80 2960
g 85 3180
~ 2,000 - 90 ' /73400
o ,
o
m
o
®
™
1,000 }—
' | 1 | |
0 10 20 30 40 50 (Eé M\W'"f(lf '_J&T@f'___

Ro taniq ler Reading ()

LAt e dimb ():_LLi.p,LutLon Cwrve of Hotamete:



| gen] U211 v ioo] 0.076] 12
u Ar | Ar | ar 7
Table A-6 0.15 | eo | 70 | 30
G | 115.5 1110.5 | 6745
Coddy | 117 1113 88
.58 | 115|109 85
U 75 | 115 108 83,5
0.86 | 116,75 10c.75 8345
1.0 | 116,751 10c.5 | 83
1.19 | 117 106.5 | 83
b2 ' 117 108.5 | 83
Lot 7 | 11745 [ 107,25 83
BT 117 107 83
1.76 | 117 10y 83
o B (G Y V) D I
|
|
|
1,000

w4, 0119 cm.

i) dp 0100 cum.

& dp 0.076 cm,

©
. £
L}
8 e . BB AE -8 48 KB ogoEs
3 . N SR Sy G WG S W W W W W
Ay '_"
<2
10 | | N o { Lr st W bl ) 1
0 Uad 1.0 oo 165 2.0 2.5

u(em/sec)

Figea=G  Vuriulion of Pressure drop (A P)with Velocity
(u) for Varviou:s Sizces of Activuted Carbon



EXPERIMENTAL DATA FOR ADSORPTION

Appendix B

1 Experimental Data For Adsorption of Formaldehyde

m=gm CH O adsorbed / gm activated carbon

2

¢TL

Table B -1 Table B -2
q = 1,260 cfmin ¢, = 0.100 cm q = 1,600 cm’ /min 4, = 0.076 em
Time | Cy(Molar | |TAme—C (Mol
. 328 0.267 0.177 0.5 5220 0.330 0.195 0.113
(min) b, > > 775 Nmin) 3 = 5 T 3
¢ |mx10 c | mx10 c| mX10 Gl mx10 , ¢ {mX10 C | mX10© C| mX10 C | mX10
O [0.328f 0,00 | 0.267| Q.00 | 0,177| 0,00 | 0.133{ 0,00 Q {0.220] 0,00 | 0.330| 0,00 0.195! 0,00 0.113 | G00
5 106315 2.52 | 0.243] 4.4 - - 0.080| 6,30 5,10.203| 4.00 | 0.303| 6.40 | 0,172 5.20 | 0.100| 3.20
10 1 0.310{ 5.99 | 0.252| 7.25 | 0.177| © 0.110| 6493 10°10.199| 9.00 | 0.298| 14.00 | 0.178| 8.80 | 0.105| 5.20
15 10.290{13.23 | 0.238]12.60 - - 0.110{ 7.56 15.10,203{13.00 | 0.305| 20,00 | 0.178|12.40 | 0.097 $.20
20 104293|19.85 | 0.242{17.26 | 0,170} 2.52 | 0.120| 6.30 20-10.203/19.00 | 0,307 | 25.60 | 0,172{17.60 | C.083 13.60
25 104297(25.83 | 0.243|21.67 -1 - 0.117( 5.67 25 10.203|23.00 | 0.307| 31,20 | 0.168(23.60 | 0.110 |14.40
30 |0.273{36.23 | 0.238|27.09 | 0.163| 7.56 | 0.120} 4.41 30 [0.203127.00 | 0.307 | 36.80 | 0.163[{30.80 | 0.098|18.00
35 |0.303[40.95 | 0.252{29.93 - - 0.1574 378 35 10.195]33.00 | 0,307 | 42.40 | 0.198|25.60 | 0.105|2C.00
4O | 04307{45.05 | 0.245[34.02 | 0,157|15,12 | 0.097 |/ 6.30 40 10°203(37.00 | 04310 | 47.20 | 0,195|29.60 | 0.095 |24.40
45 10.323145.99 | 0.246(37.99 - - 0.080] 5.67 45 104199|42.00 | 0,310 | 52.00 | 0,168 35.10 | 0.10726.00
50 10.303150.72 | 0.242|42.71 | 0.143{27.72 | 0.080{11.97 50 |04201{46.50 | 0.310 | 56.80 | 0.162|43.20 | 0,097 30.00
55 |04310(54.18 | 0.252]|45.55 - - 0.070120.16 55 10.208{49430 | 0,313 | 60,80 | 0.168|49.20 | 0.098 |33.60
60 |0.300{59.54 | 0,252{48.38 | 0.150(37.80 | 0.100|20.68 60 |0,205[53.00 | 0.313 | 64.80 | 0.18252.00 | 0.103{36.00
65 104313162.37 | 0.246|52.29 - - 0.103 {22.57 65 |0.217|55.00 | 04317 | 68,00 | 0.195(52.00 | C.1U3|36440
70 |04317 |64e58 | 0425055044 | 0.160(44.10 | 0.103|24.46 70 |0.210{57.50 | 04323 | 69,60 | 0.195(52.00 | 0.107 |40.40
[ 75 |04327 |6Le89 | 0.262|56.39 - - 0.127|21.94 75 |0.214 |59.00 - - - - C.107 |41.60
80 00328 6‘}:89 0.258 57.96 00160 50.140 00113 210916— 80 00217 61.% - ot Lt - - =
85 10.328164.89 | 0.261{59.03 - - 0.113 |21.94
90  |0.327 {64489 - - 0.177{50.40 | 0.113{21.94
C = Molear



Table

q = 1,780 cr’/min

B-3

Table Bk

o
1

¢ = 1,260 cnl/min

d, = 0,076 cm

) of
Time Co(blolar
(m_-“_n 0203 ‘() .')?O-

C |mX10 C {mX10 |

0 |0.223] 0,00 0.220; 0,00
5 10,218| 1.08 0.215] 1.08

10 |0.198| 6447 0.210} 3204
15 |0.215| 8.28 0.207| 6.14
20 |0.212|10,80 0.200] 10,46
25 (0.185(19.0¢ 0.193] 1€.22
30 10.195{25.20 0.197| 21.26
35 |0.217| 26464 0.197| 26.3C
LO [0.197(32.40 0.200] 20,62
L5 10.212|3L4.92 0.200| 34.94
50 ]0,190|42.12 0.203]| 3854
55 [0.195[45.24 0.195] &4
60 |0.205]|52.20 C.J97] 4% .
65 10.212]|54.70 0.200] 53.66
70 {0.205|58.68 0.200] 57.98
75 [0.205(62.64 0.210| 60.14
80 10.222(63.00 0.215| €1.22
85 0,220} €1.22

= cm =i
d 0,07¢ & _=£_.hg?6 cm
Time| OCy(Molar Time qoky;o;z@
(min) ) 2,220 0,215 (min)Z 0a220 =01 W21
¢ |mxad ¢ |mx10° ¢/ |mxae® ¢ |mx10?
0 | 0.220| 0.00 0.215 0.00 0 |0.220( 0,00 | ©0.217| 0.00
5 | 0.207| 3.56 0.185 8,01 5 10.215].1.01 “} 0.213| 0.63
10 | 0.205] 7457 0.205| 10,68 10 |0.215{snee==9,210| 1.89
15 | 0,185(16.91 | 0.203|13.80 15 {0.205¢ 4.85 -] 0+203| 4.31
20 |04190{24492 | 0.192] 20,03 20 {0200} 8,63 | 0.200477.56
25 |0.,193|32.04 | 0.208|21.81 25 {0e203|11.78 0.190112.60
30 | 0.210|34.71 - 121,81 30 |0s183118.71 0.187(18.27
35 |0.,187|43.61 04203| 24.92 35 |0.167128.79 0.190{23.31
LO |0.200{48.95 0.192| 31.15 L0 j0.182136.09 041972709
L5 10.187|57.85 0.182| 40.05 _ L5 10.192}41.55 0.193(31.50
50 |0.,183|67.64 0.175| 50.73 50 10.193|46.49 0.197 |35.28
55 104217|68.53 0.175| 6141 55 10200 |50427 0.200 |38.43
60 |0.220(68.53 0.205| 64,08 60 0.178]51.91 0.203 [40.95
65 |0,220|68.53 0.215} 64.08 65 10.200(55.69 0.207 |42.84
70 - - 0.215| 64 .08 70 10.210|55.58 0,200 [45.99
75 P.215|58.52 0.213 |46.62
80 P.218|58.84 0.200 |49.77
85 P.200|58.8L 0.213 |50.40
9 | - |- - 0,215 |50.72
C = Molar
m = CH;0 adsorbed / gm activated carbon




Table

B -6

q = 1,600 /ot min

Co=0.220 Molar

d (cm)
Time ¥
119 /04100 0.059
(min) 2 / o " ! L
C |mX10 ¢ /| mX10%2 C| mX102
7 NI
510.207| 3.00 | 04212} 2400" | 0.220] 4.80
10 {0,203 7.00 | 0,198} 7.20 - 0.203| 8,80
15 [0.208| 3.0 | 0.205110.80 -+ 0.198|14.00
25 10.205/16.60 | 0.205118,80 | 0,200 24,00
30 0.208 1;7060 g 05198 21;.00 0019? 29036
35 [0.205(23.00 |10.203128.001 0,200 |34.40
40 10.207]26.00 | 0.205[31.60 0.197 {40.00
45 [0.207129.20 | 10.208{34.40 '| 0,197 |45.60
50 [0.208132.00 | 0.207|37.60 | 0.197|51.20
55 10,207 (35.20/''| '0.208(40.40 0,200 {56.00
60 | 0.208(38.,00 | 0.205{44.40 | 0.200(60.20
65 | 0.207|41,00 | 0.212|46,00 | 0.207|64.00
70 104207 [44.00 | 0.208|48.80 0.213 (67,20
75 | 0.207 |47 .00 0.210}51,20 0.213 [68.80
C = Molar

m = gm CH,0 adsorted / an activated carbon

GTt



Table B -7

2 Experimental Data for Adsorption of Sodium Hydroxide

Q= 1,600 cw’/nin 4 = 0.100c

Table B -8

qQ = 1,600 e /min

C, = 0.1800(liolar)

m = gn N2OH adsorbed / gn activated carbon

ST

Time C/O(Mgl}:)/ rl'me dy(em
22322 0.1849 0.1706 BT VR A —0.119 04100 0.076 0.05¢

(min 5 5 > — 7771 Kmin 3
. c C | mXx10 C | mxo & jmx10? C  |mX102 C | mX204 ¢ |mix102 C| mXac
O [0.232210.00 | 0.1849/0.00 | 0.1706(0.00 0.1449 10,00 {4 0 0.1800 [0.00 0.1800 [0.00 0.1800(0, 00 0.1800(0.00
4 104227410.96 | 0.1801]0.97 0.1685/0.41 | 0,1438 JUNE 410.179010.26 | 0.1790 [0.26 0.1783(0,43 0.1781|0..48
8 10,2288/1.66 | 0.1815/1.66 0.1685/0.83 | 0.1438 {0,452 810.179110.49 | 0.1786 0.63 [0.1789]0.72 0.1781]0,92
12 10.2301/2.06 | 0.1822(2.21 0.168211.31 | 0.1432 |0,97 1210.179910.76 | 0.1788 0.9}, 0.1782|1.20 0.1787(1.33
16 10.228812,75 | 0.1836(2.49 0.1685/1.73 | 0.1445 |1.0 1610.178511.15 | 0,1785 1.33 [0.1787]1.54 0.1785|1.72
20 10.226013.99 | 0,1836|2.74 0.1685/2.14 | 0,1445 1217 A010.17941.30 | 0,1789(1.42 0.1784]1.96 0.1784]2.14
2L 10,2288 14.68 | 0,1829(3.18 0.1685/2.28 | 0,1438 |1.31 2410:1785(1.70 | 0.17871.96 0.1786|2,33 0.1788(2,.5
28 10.2308(4.95 | 0.1839|3.45 0.168512.42 | 0.,1438 {1.52 2810,172211.90 | 0.1783|2..0 041790|2,60 0.1781(2,93
32 10.230815,23 | 0.1840(3.65 0.170312.47 | 0.,1438[1.73 3210.1786 12,26 | 0,1795|2.53 0.1784|3.01 0.1781(3.43
36 10.2301(5.63 | 0.1843(3.79 0.170612.47 | 0.1445 |1.79 3610.179042.53 | 0.1781 3.01 10,1787(3.34 0.1788(3,7.,
40 10.2315(5.87 | 0.18433.92 0.169212.47 | 0,1438 | 2.00 4010.179412,70 | 0,1788(3.33 0.1786|3,70 0.1787 (4,08
4k 10.230816.15 | 0,1843[%.06 0.169912.75 | 041445 | 2.07 4410,1783 13,15 | 0.1789(3.63 0.1787|4,05 0.1785(4,.5
48 10.232216.15 | 0.1843|4.20 0.169913.03 | o0.1445 | 2.14 4810.179413,30 | 0,1788 3595 [0.1784 4,16 0.1790(4.,70

| 52 10.2315/6.28 | 0.1836s,.47 0.170613.17 | 041445 | 2,01 5210.1788(3,61 | 0.1790 %20 0.1792|4,68 0.17895.00
56 10.23226,28 | 0,189 |4.47 04169913430 | 0.1445 | 2.28 5610.178813,92 | 0,178 451 [0.1784)5,09 0.1783(5.45
60 10423156442 | 0.1849 |4.47 0.1699(3.44 | 0.1445 | 2.35 6010,1789 4,20 | 0.178y 492 10.1788]5,.0 0.17875.80
6L 10.2315(6456 | 0.1849 |4.47 0.1699/3.58 | 0.1419 |2.35 6410.1790 4,45 | 0.1793 5.10 0.1799(5,56 0.1781 (6,28
68 10,2322/6.56 - - - - - - 681041796 (4,55 | 0,1789 5.43 10.17€7(5.90 0.1796|6.40
72 [0.2315(6.69 - - - - - 7210,1787 |4.90 0.1791 (5,66 [0.1789]|6.20 0.1865|6,75
76 [0.2315/6.83 | - . - - - 7610.179515.03 | 0.1792|5.86 [0.17946.35 0.1790(7.02

80 0.1795 5016 0-1793 6.04 Ool795 60148 = ',
C = Molar




m = gm NaOH adsorbed / gm activated ecarbon

Table B -9
d, = 0.100¢m Co = 0.1914 lolar
Time ’cicﬁlﬁm,/ >

5260 L 1, 440 1,600 1,960

(min)— = ; 5

| c | mxae? ¢ mx103 C | mx10? C | mx103
010.19140.00° | 0,1914|0.00 041914)0.00 0.1914(0.00
410.190210.26| /0,190010,34 0.189010,48 0.1884 [0.62
810.1900(0.55 | 0.1900 {0,568 0.1895(0.82 | 0.1890(1.06
1210,1900/0.84 | 0.190310.95 061904(1.,09 | 0.1884 (1,68
16 10,1901/1.12 | 041901 {1,27 0.1897 |1.44 | 0.1895|2,08
2010,1902(1.38 | 0,1900}1.40 0.1890/1.92 | 0.1897 |2.42
24 10.189011.69. | 0.1902]1,89 0,1884 12,54 | 01904 (2,63
2810.190211.9% 1 0,1901[2.21 | 0.1890|3.02 | 0.190L |2.8L
3210.1903(2.18/ | 0.1902/2.50 0.1890(3.51 | 0.1911|2.91
36 [0.190412,39 | 0,19012.50 0,1895(3.91 | 0.1904(3.11
40 10.1906| 2,56 | 10,1900 (3,12 041897 [4.25 | 0.1890]3.60
44 10.1903/2.80 | 0,1905(3.%5 0.1911|4.,32 | 0.1904|3.81
48 10.1904(3,01 " | (10,1904]3.5 0.1911/4.39 | 0,1904 |4.01
5210.1905(3.19 | 0,1907|3.77 041904 4,60 | 0.1911(4,08
56 0.1907(3.33 | 0.1908 3,92 0.1911 (4466 | 0.1911|4.15
60 10,1905|3.52 - - 0.1911|4473 | 0,191k |4.15

C = Molar

LT



Table B =10

3. Experimental Data for Adsorption of Sodium Carbonate

Table B -11 ;
2= 1,60 o /ain Cp = 9119 om 9= 1,600 a’/min  d_ =0.100 m
Time —fﬂ%g._gx),. Time jcigg;_a;),-
(min) <0631 0.0691 0.071k 02754 | (min) .1898 0.1909 0.1901 0.050
¢ |mxo? ¢ | axaé ¢ | mao® € /mXio? ¢ | mx10° c| mk10° c| mx10? C | mxy
0 10.063110:00 | 0,0691/0.00 | 0.0741/0.00 | 0.1754 0.00'f} O [0.1898/0,00 | 0.1909/ QOO | 0.1901| 0,00 | 0.0500]0,00
L 10,062210.69 | 0,0685/0.43 | 0.0728/0.89 | 0.1721 |/2.23{| 1 [0.1#84/0.96 | 0.1886| 1.53 | 0.1886| 0.96 | 0.0489|0.71
8 10.061811,51 | 0.0676|1.42 | 0.0733(1.48 | 0.1741/ 3.12{| # '|0.1872(2.69 | 0.1886| 3.07 | 0.1886| 1.91 | 0.0492|1.25
12 10.0627|1.81 | 0,0689|1.56 | 0.0737|1.77 | 0.1741 | hsOL{l 12 {0.1875|L.24 | 0.1886| 4.06 | 0.1886| 2.87 | 0.0429|1.94
16 [0,062712.10 | 0.068511.99 | 0.0737|2.07 | 0.1747 | kakb{} 16 {0.1880(5.43 | 0.1286 6.14 | 0.1856| 5.92 | 0.0489|2.67
20 10.062712.40 | 0,06852.42 | 0.0737(2.36 | 0.1741|5.35|| 20 {0.1889 6,01 | 0.1886| 7.67 | 0.18g1] 7.26 | 0.0490(3.32
2k 10,063112.40 | 0.0689 (2,56 | 0.0757|2.65 | 0.1741 | 6.2k !} 24 10.187817.35 | 0.1881| 9.59 | 0.1861| £.60 | 0.0490|3.96
28 10.0618/3.30 | 0,0676/3.55 | 0.0733|3.2k | 0.1747 | 6.68(| 28 [0.1878|8.69 | 0.1291(10.82 | 0.1884] 9.75 | 0.0486%.93
32 0.0627/3,60 | 0,0685|3,98 | 0.0733|3.83 | 0.1734 | 8.02(| 32 {0.1878|10.04 | 0.1903(11.20 | 0.1284|10.90 | 0.0L895.6L
36 |0.062713.90 | 0.0685 |44l | 0.07393.98 | 0.175 | 8.02|| 36 [0.1884[11.00 | 0.1875(11.47 | 0.1821|12.24 | 0.0492|6.00
L0 10.063113.90 | 0.0691 |4.A1 | 0.07244.16 | 0.1754 | 8.02(| 10 [0.1884(11.97 | 0.1898|12.24 | 0.1886{13.21 | 0.0L9% 6.36
hh 10.063114.20 | 0,0689 |4o55 | 0.0733|4.75 | 0.1751 | 8.25|| L) 10.1884112.93 | 0.1586(13.77 | 0.1289|13.97 | 0.049L|6.72
L8 10,0627 |4420 | 0.0689 |4.70 | 0.0737|5.04 | 0.1751 |8.47|| 4e [0.1889]13.51 | 0.1909|13.77 | 0.1592|1%.55 = 2
52 104063114.50 | 0,0689 [4.84 | 0.0739(5.18 | 0.1751 | 8.69(| 52 [0.1889 [14.08 | 0.1886(15.31 | 0.1886 15.51 - -
60 @ - s 0.071&1 50148 = 60 - - - - 001892 16066
C = Molar

m=gm N.:->.2()O3 adsorbed / gm activated carbon
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Table B -12
g = 1,600 em’/min

Co = 0.1761 Molar

Table B =13

. ‘dp=0.100 cm

) d,(cm)

qlem’/mi
1,260

0.119 0,100 0.076 0,054 1,600 1,960
¢ |mxif ¢ | mx102 c ¢/| 4010 c c ¢l mx102 c
0.1761| 0.00 | 0.1761| 0,00 | 0.1761| 0,00 | 0.1761}0i00 |l "0 fo.1898 0.189¢| 0,00 | 0.1898| 0,00 | 0.1898| 0,0¢
0.1747| 0.90 | 0.1747| 0.90 | 0.1747| 0.90 | 0.1739| 1.25 {1 L 1.188L 0.1878 | 1.21 | 0.1884|0.96 | 0.1878| 1.7
0.1747| 1.7 | 0.2747 | 1.79 | 0.1721| 3.59 | 0.173k{ 3.3, || & [0.1884 0.1882| 2,14 | 0.1872| 2.69 | 0.1878| 1.7]
0.1734] 3,59 | 0.1734| 3,59 | 0.1721| 6,28 | 017341 5.46 | 12 [0.1589 0.18%2 | 3,08 051875 | L2k 0.1878| 1.8
0.1747 | .48 | 0.1734| 5,30 | 0.1734| 8,08 | 0.173916.69 || 16 [0.1589 0.1882 | ,.01 | 0.1880 | 5.43 | 0.1881| 1.
0.1758 | 5.47 | 0.1755| 5,74 | 0.1758| 8,25 | 0.1731| 8,37 || 20 [0.1289 0.1884 | 4.88 | -0.1889 | 6,01 0.1882| 1.%
0.1721| 7,35 | 0.1734| 7,54 | 0.1755| .61 | 0.1792| 9.23 || 24 f0.1889 0.188) | 5.7, | 0.1878 | 7.35 | 0.1%882] 2.0
0.1747 | 8,21 | 0.1747 | 8.13 | 0.1747| 9.51 | 0.1747 |10.20 D.1889 0.1884 | 6.61 | 0.1878 |&.69 | 0.1881| 2.2
0.1758| &.43 | 01747 9,33 | 0.1747(10.41 | 0.1750!10.82 0.1889 0.18%9 | 7.13 0.1878 | 10,04 | 0.188L4| 2.3!
0.1747 | 9,32 | 0.1747]10.23 | 0.174%|10.85 | 0.1752{11.29 0.1892 0.1889 | 7.56 | 0.1884 |11.00 | 0.1889| 2.3
0.1758 | 9,50 | 0.1747|11.12 | 0.1755|11.21 | 0.1752|11.76 D.1689 0.1869 | 8,17 | 0.1884 |11.97 | 0.185%| 2.1
0.1755| 9,86 | 0.1758[11.30 | 0.1758{11.39 | 0.1755/12.06 0.1895 0.1889 | &8.68 | 0.1834 |12.93 | 0.1889| 2.5
10,1761 | 9.86 | 0.1761|11.30 | 0.1761(11.39 | 0.1755|12.37 0.1892 0.1889 [9.20 | 0.1889 [13.51 | 0.1892] 2.4
0.1758(10.03 | = | - = = {0.1758|12.52 0 52 -p.1895 0.1886 |9.93 | 0.1889 |14.08 |0.1290 | 2.7;
0.1758{10,21 | . -| - - - - = D.1895 0.1893 - = 0.1890 | 2.8;
D.1898 0.1889 = = 0.1895 | 2.¢
- 0.1892 = = 3
C = Molar
m = gm Ne,CO, adsorbed / gm activated carbon

6TT
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4. Experimental Deta for Adsorption of lixture of Sodium Hydroxide amd Sodium Carbonate

Table B =1k
g = 1,600 un?’mn d, = 0.119 cm
Time{ Co (lolar) : —_— O — )
: 0.10725 7 0.09503 0.07213 -l
(min) =/ , &
NaOH 1._32003 ¢ L\iaOH I‘;&2003 IvaOH ya2u03

c | mx10? ¢ | mxao? / £/} mao? » mX102 ¢ |mxo c mX107
0 0.10725 | 0,00 | 0.10725 | Q.00 0169,503; ': 0,00 /| 0,09503 | 0.00 0.07213 | 0,00 | 0.07213 | 0.00
L. | 0.10702| 0.06 | 0.10712 | 0,09 0.09480 70,06, | 0.09498 | 0.03 0.07213 | 0,02 | 0.07211 | 0.01
& 0.,10704 | 0.11 | 0,10720 | 0.12 0.09485 170,10 7| 0.09498 | 0,07 0.07205 | 0,04 | 0.07211 | 0.03
12 0.10705 | 0,16 | 0.10720 | 0.16 0.09485 tO.lS 10.09499 | 0.09 0.07207 | 0,05 | 0.07211 | 0.0/
16 0.10705 | 0.21 | 0.10721 | 0.18 009487 40,391 10.09498 | 0.13 0.07207 | 0,07 | 0.97211 | 0.05
20 0.10706 | 0,26 | 0.10721 | 0.21 0098 0.03—F0-09499 | 0.16 0.07202 | 0.08 | 0.07212 | 0.06
2L 0.10707 | 0,31 | 0.10722 | 0.23 0689 | 0,26 |0.09499 | 0.18 0.07206 | 0.10 | 0.07212 | 0.07
o8 0.10709 | 0.35 | 0.1072L | 0.26 0.0949T 10229 | 0.09499 | 0.21 | 0.07206 | 0,12 | 0.07212 | 0O.0C
32 0.10711 | 0.39 | 0.10725 | 0.26 0.09493 | 0,32 ~| 009459 | 0.24 0.07207 | 0.13 | 0.07212 | O.
36 0.10709 | 0.43 | 0.10720 0.29 0.09495 10,34 | 0.09499 0,26 0.07207 | 0.15 | 0.07212 O
10 0.10713 | 0,46 | 0.10716 | 0.35 0,09493 | 0,367 | 0,09499 | 0.29 0.07207 | 0.16 | 0.07211 Ye
L, 0.10715 | 0.48 | 0.10717 | 0.4l 0.09485 ' 0.38 | 0.09499 '| 0.32 0.07207 | 0.18 | 0.07212
L8 0.10713 | 0,51 | 0.10720 Ouhly 0.09495 | 0.kl | 0.05499 0.34 0.07207 | 0,20 | 0.07212
52 0.10714 | 0.54 | 0.10723 0.45 0.09495 | 0.43 | 0.09500 0.36 0.07207 | 0,21 | 0.07211
61, 0.10718 | 0.61 | 0.10725 | 0.51 0.09497 | 0.47 |0.09501 | 0.1 0.07207 | 0,25 | 0.07212
68 0.10719 { 0.62 | 0.10725 | 0.51 0.09497 | 0.48 |0.09502 | 0.42 0.07207 | 0.26 | 0.07212

C = Molar

m = gm NaOH, Na2003 adsorbed /gm activated carbon

0ZT



o = 1,600 cm3/min

Table B =15

Co = 0,09503 lMolar

Time d~3( cm) /
. 0.100 0.076
(min) — —
1a0H ~ KapC0, Ka0H a0y

c mX10° ¢/ /Y ma102| o mX102 ¢ | 'mxo?

e | 0.09503 | 0,00 0.07503/ | 0,00 0.09503 | 0.00 0.09503 | 0.00
L | 0.09480 | 0.06 0.09497 1 0.04 ] 0.09476 | 0.07 | 0.09496 | 0.05
g | 0.09485 | o.11 0.09498 | @207 | 0.09482 | 0,12 | 0.09498 | 0.08
12 | 0.09482 | 0.16 0.09498' 1 0,11 |y 0.09485 | 0.17 | 0.09496 |} 0.12
16 | 0.09485 | 0.20 0.09498 170X | 0.09483 | 0.22 | 0.09498 | 0.15
20 | 0.09492 | 0.23 0.055001 70,16 |- 0s00485 | 0.27 '| 0.09497 | 0.18
2, | 0.09486 | 0.28 0.09598 1020100984 | 0.32 | 0.09498 | 0.21
28 | 0.09493 | 0.31 0.09498 | 0.23 0409487 | 0.36 | 0.09499 | 0.24
32 | 0.0948L | 0.35 009499 10,26 | 0.09483 | 0,38 | 0.09499 | 0,26
36 | 0.09494 | 0.37 0.03499 | 0,26 1 009498 | 0.42 | 0.09500 | 0.29
40 | 0.09:95 | 0.39 0.09495 | 0.31 | 0.09483 | 0.47 | 0.09501 | 0.30
Ly | 0.09498 | 0.41 0.09500 | 04,33 || /009498 | 0.48 | 0.09499 | 0.33
L 0.09491 0.4h 0.09501 | 0.35 0.09489 | 0.52 0.09500 | 0.35
52 | 0.09502 | 0.4 0.09500 | 0,37 | 0.09493 | 0,55 | 0.09501 | 0.36
56 | 0.09502 | 0,44 0.09501 | 0.38 | 0.09491 | 0,58 | 0.09501 | 0.37
60 | 0.09501 | 0.45 0.09501 | 0.39 0.09501 | 0.58 0.09500 | 0.39
64 | 0.09503 | 0.45 0.09502 | 0.40 | 0.09501 | 0.59 | 0.09501 | 0.41
68 - = = = i 0.09503 | 0.59 0.09502 | 0.41

C = Molar

m = gm NaOH, Na2003 adsorbed / gm activated carbon

et



m = gm NaOH, Na

2

co
3

adsorbed / gm activated carbon

) ¥
Table E =16
d =0.119 cu C, = 0.09503 Molar
Time ol fmin)
~s 440
- s > == 1,780
liaOH K85004 NaOH Na,Co,,

c | mxio® 8//Peakiod e |mxno? mX10°

0 | 0.09503 | G.00 0.09503 10,00, @.09503 | 0,00 | 0.09503 | 0.00
L | 0.09487 | 0.07 0.09498 1 70.03) | 0.09471 | 0.08 | 0.09496 | 0,05
8 | 0.09491 | 0.09 0.09499 | 0.06 ) 0.09496 | 0,10 | 0.09496 | 0.11
12 | 0.09488 | 0.13 0.09500-+4=0307=1 0.0948L | 0,15 | 0.09501 | 0.12
16 | 0.09490 | 0.16 0.02499°17030 | "0.09484 | 0.21 '| 0.09501 | 0.1k
20 | 0.09486 | 0.20 Y.09529—1-0-12——0.09489 | 0.2, | 0.09495 | 0.20
2L | 0.09497 | 0.21 0.09498 | 0.15 | 0409491 | 0.28 | 0.09499 | 0.23
28 | 0.09488 | 0.25 009498 10718 | 0.09489 | 0.32 | 0.09500 | 0.25
32 | 0.05492 | 0.27 0,09498 | 0.21 4 0.09496 | 0.34 | 0.09498 | 0.29
36 | 0.09488 | 0,30 0.09499 10,24 ' | '0.09491 | 0.37 | 0.09500 | 0.31
4O | 0.09490 | 0.33 0.09499 .| 0.26 ' | 0094691 0.39 | 0.09500 | 0.33
Li 0.09492 0.36 0.09500 | 0.28 0.09493 '| 0.42 0.09500 | 0435
48 | 0.09492 | 0.38 0.09500 | 0.30 | 0.09494 | 0.45 | 0.09500 | 0,38
52 | 0.09501 | 0.39 0.09501 | 0.31 | 0.09500 | 0.46 | 0.09500 [ 0.40
56 | 0.09497 | 0.40 0.09503 | 0.31 | 0.09500 | 0.46 | 0.09501 | 0,41
60 | 0.09499 | 0.zl 0.09501 | 0.32 | 0.09499 | OC.48 | 0.09500 | 0.i4
64 | 0,0950L | 0.42 0.09502 | 0.33 | 0.0949L | 0.5 | 0.09501 | 0.45
68 = = e - 0.09503 | 0,51 | 0.09502 | 0,46
72 - - - - 0.09498 | 0.52 0.0950z bt

C = Molar

eet



Appendix C

" NUMBRICAIL RESULTS

Table C-1

ental Fluldizog/Carbon Columms for Adsorntion of Formaldehyde

Ej]
.7

S‘()
K
2|
n
o

=
NN
//‘ ///' /] W
oo 7/ J J’; 2
771 & \ | - 3 C.
B, CO iP o} 4 AR 3 P ‘102' D5 ‘154 ke % ‘z-';is é‘ S= - 10% Rep
// NP X B B y i
fo. | (Moler)|(gm/1itre) (cm) qenB/mn) /i//(/fﬁ# sec) | en/gmmin) (or/gz) (en/ir) | (enfer
1 0.326 g5 | 0.160 | 1,260 {—:%Z* mo%s; 1,60 3,67 (a2 -
2 0.177 $30 | 0100 | 1,280 000 Ve A o | 5 es 6o | e
3 0,113 340 1 0100 | 1,290 0L 1 0.355089 1 60c e hi s
i s PPro,) & % 1 Q333200 3,68 5,25
4 0,220 550 | o.076 1,600 taz2 i ;’(jtjfx e iy 1?'?’2
5 1 0195 | . 585 | 0076 | 1,600 | 132 | 0&300 4 2000 | 3. ol
6 00220 G50 | 0,076 | 1,7 (RAE GURTATTIE L PSP e e L
7 Ue215 45 0.076 750 146 B6s 9’3: g ?.: ‘,T-f,f
: Vet &70 | 0,076 | Wraa-ALURGERIRNLSEEERPIP 25 | 325 e |
7.1 %20 | 660 L0076 | 1,440 | 118 | ogmen | 2ioo0 | sdr | oo | o
10 0.220 660 0.076 1,260 1.24 0.8000 - ’Ooj ;.¢ . )'f;,i,. :’\'{’;'
11 0.217 650 0.076 1,260 1o Q4 0. 5200 ;,OO':) 52(1/ 2 00 § 366
12 0,220 Q60 0. 100 1,600 132 C. 7600 ;’600 [;. BN 6. 5; = ~f‘
13 00220 650 | 0.119 1,600 1.32 | 0.7100 1,300 | 2 3; N'ei 33'80
;4 0.&0 650 0. 059 1,600 1.32 0.9600 2,6320 ;-: : :' / ©e43
e gﬁg 20 10.07%6 | 1,600 | 1,32 [ 1.2000 | 2,000 | 3.64 ??‘“ o
. 240 | 0,076 | 1,600 | 132 | o = oy - 00 449
17 0.267 | ..800 | 726, ¢ ceyiel F 2,000 | 3.6 5.00 | 10,
0. 700 1,260 1.04 | 0.7841 1,600 | 3.6¢ 6,25 10,[&?

¢et



‘ .
Tahle C-2
Systemic Properties of koperimental Fluidized Carbon Colum: for
Adserption of Scdium Hydroxicds // 2
1] ; V ~ - ! i
s . 2 = = / L - “\8 ~ |
5 3 , x 104 [ kp x 107 &+ 2 € Rey
EXp. Co f % Tl & |5 x 10 { 1 . 10 ler . |
N~ oty By | ) ‘ ‘ -5 - , PO, & A
No, (olar) [p/litQ) {em) P/ ememin) (cr /gm) (em/hr) | {gn/em )
A =
1 0.1800 | 7.20 0.119 { 1,600 —— 679 1 1,300 R s [SVAS
< 0.1600 | 7.20 C.100 | 1,660 19327 | 0,082 1,600 5525 | 13,85
3 0.1800 | 7.20 0. 076 1,608 1032 SOy 2,000 Heon 10,53
4 C. 180C 720 06059 1,608 T\Q?_ﬂ_,;)«e%q 2,630 3,80 £e17
5 0.2322 930 0. 100 1,600" : 73 v Ce200" | 1,60¢ 625 15.€5
6 0.1849 | 7.40 C. 100 1,600 £ o 1433 Q316814 211,600 6e2 13,85
7 C.1705 | 6,80 ©.700 | 1,800 Te32 0.0840 | 1,600 625 | 13,85
8 0.1442 | 5.€0 0,700 | (160001l nnhaB2 OV Ty60C G20 | 12.85
9 G1914 | 7.80 0,100 1,260 Te 0L QO] 13600 Ge25 10,92
191 01914 | 7,80 0.100 | 1,440 1416 C.0811 | 1,600 6,25 | 12.3&
oy, -~ 7 -~ ~ ~ ’ - ~ ar”s s
11 9-7914 74€0 0. 100 1,600 1.32 C.1000 | 1,600 6.25 13.85
12 0.19% | 7.80 0.100 | 1,90 161§ 01100 | 1,600 6.25 | 16,90
i i . ' I

het



Table C=3

Systermic Properties of Zxperimental Fluidized Carbon Colurm
| /] 4

for Ad H £ Sodium Carbonates\ \M////
sorption o um Carbo N ////

Fa o
% d, a S%x 1074 kpox 107 % x 12° Ber
XDe N, Sy 2 3
(‘olar) [(gm/litrp) (cr) (em”/min) (e [am) (enfox) | (am forf)

1 0.1761 | 18,66 0.119 | 1,600 00 | 0.650 7.69 16449

2 0.1761 | 18,66 0.100 | 1,600 1,800 o610 8.25 3.85

3 0.1761 | 18.66 0. 076 1,600 | R 52 3810 //g;@be D603 5400 10.53

A 01761 | 18,56 0.059 | 1,800 | “pdS 0y 5 B30 | c.497 3.80 8417

5 0.0631 5.6% 0.119 | 1,600 g Ce TUZ #5300 | Q.716 7.59 16.45

5 0. 0521 732 0.119 1,600 1838 i nwenhay | c.760 7459 16,49

7 0a 0741 7.86 0119 1,600 132 0.1290 | 1,3c0 0,758 7.59 1€.49

g % i 3455 C.119 | 1,60§ ALTNGKORV:ENIVERSH 34560 7.C9 15049

9 C.1898 { 20,12 0.130 1,600 o3 C.3220 | 1,600 34620 6425 13.85
10 0. 19C9 | 20.24 0,100 1,6C0 1.32 0.3741 1,600 | 0.690 “e25 12,85
11 0.1901 | 20.15 0. 1090 1,6C0 Te32 0.2534 | 1,500 | 0.460 6425 13.85
12 D 0500 S50 0.100 1,600 1432 051600 1,600 Du113 6.25 13.85
13 D.1698 | 20,12 04100 1,260 1.04 | 0.2563 | 1,600 0290 5425 10451
4 0.1698 | 20,12 0. 100 1,440 118 0.2625 1,600 24490 6425 12,3
15 01598 | 20,12 0.100 1,600 132 0.3333 1,600 0,620 625 1385
16 0.1898 | 20.12 0,100 1,960 1,61 0.4250 | 1,600 | 0.790 | 6.25 16.90

]

Szt



Table C- &

/ //’ I 4
.- les of PASNRI A3 =
Systemic Properties of Experirmerd iéﬁi/ulcuzei Carben Column

, IR O e
of Mixture of Sodivm Hydroxide ium Carbonate
J‘ “ VV"\\*’
& J /| hD =
/ / .’/j Al {
4 /;‘ = - k \ } 41’ ~ <
Bt | et e | M PRGNS x Qo %p x 107 | Lxto
ARG ; = S
s () s,
ilo. .
1‘ Te69 | 1642
: 7.9 | 16.49
> 7.69 | 16.49-
'[r 0069503 00119 1,4“)—0 1.18 1.03 01635 1,300\ 1.’\;' C.zi? 7.69 1/.78
6 0.,09503 | 0.100} 1,600 1,32 |1.20| 0.30 1,6000 1.1€ | 0,30 { 6.25 | 13.80

0.09503 | 0,076 11,600 | 1.32 | 1.32 | 0.88| 2,000 1.04 | 0.26 | 5.

9¢t
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Appendix D

SAMPLE OF CALCULATION

&
l. Gram Adsorbate Adsorbed/Gram Adsorbent for Equilibrium

Isothermal Adsorption.

For NaOH, Experiment No,l

m. '=///20,0351 gnm

6. 3 —0.073  Molar
T8/ =\ 040155  Molar

X = 50 ml

Fron the equation

m S (= 67 (V) (il )
(i J(1600)

W = (0,1005-0,0153)(50) (40)
‘ e ( 20,0351 (1000)

= 0,009381" ~gm/gm

2 Gram Adsorbate Adsorbed/Gram Adsorbent for Adsorption

at Any Time, m .

For NaOH, Experiment No.l

m, = 100403 feai]

CO = 0.1800 Molar
d = ~

D 0,119 cm

¢ = 1,600 nl/win
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At t =4 min, C= 0,1790 Molar

From the equation

gm diff = (C = C)(a)(At)(w)
(1000) () |

Where gm diff = gm differential adsorbed which
equals to amount of adsorbate adsorbed for a range of tinme
At per unit mass of adsorbent

So gn le.f\ gc/ﬂ,{sda-o 1790)(1600) (4) (40)

( <@Qool( 100,03)

//0326 X:ES'a gm/gn
it R

_ qf_.‘/ 9”1;791 Molar
So  gn aiff mlsoo 0.1791) (1600) (1) (40)

L 4

ey
Q’V\‘ (1000) (100,03)

gm/gm

where m = mass adsorbate adsorbed/mass adsorbent
at any time
so at t = 8 min
t=8 min
m = % (gm diff)
t=0
= 0+(0.26%1079)+(0,23x10™%)  gm/ga

a2
= 044910 =  gm/gm



sfer rate,qn/gm— hr

ration, gm/cmj g

i 5 3 |
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