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NOTATIONS

cross section area of column , cm”

particle surface ares in bed , cu:/g

activity coefficient of solute i

initial concentretion of adsorbable liquid , mg/ml
equilibrium concentration of adsorbable 1liquid in  bulk
liquid, mg/ml

concentretion of adsorbeble liquid in bulk phase » Mg/ml
concentration of adsdrbable liquid in equilibrium with q ,
mg/ml

concentration of adsorbable liquid in the void space , mg/ml
concentration of edsorbable liquid at sdsorbent interface ’
mg/ml

aexial dispersion coefficient , cm’/lin

surface diffusion coefficient , cm’ /min ’

liquid diffusivity , cm /sec

(Co-d)/(Co-Cc)

smount of aedsorbent , §

overall mass transfer coefficient , cm/min

externsl fluid film mass transfer coefficient , cm/min
internal mass transfer coefficient , cm/min

molecular weight of solvent

space index within column

diffusion flux in adsorbent particle

diffusion flux in column

Peclet number = U‘D./Dl



Reynolds number = D.U-f/f

Schmidt number = }L/,D'

Sherwood number = ka/D'

time -index .

total moles in solution , mmole

surface excess , mmol/g adsobent

moles of solute in edsorbed phase, mmole
pressure

smount adsorbed et point r , mg/yg
everage amount. adsorbed , mg/g

gas constant

particle radius , cm

radius position within the particle , cm
absolute tenperaturé s K

time , -in'

superficial liquid velocity , cm/min-
volume adsorbed

moler volumn of solute es 1liquid et its normal
point , cn'/g mol ;
volume of bulk liquid in bed , ml

volume of pore in adsorbent , ml

volume of solid adsorbent , ml

volume of given cut

initisl mole fraction of lp}ute i!

mole fraction of i in edsorbed phase
equilibrium mole fraction of solute i
column length , cm

bed density , g/cm.
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boiling



o = ™

particle density , g/cm'

void fraction in bed

excess number of moles of solute in solution
dimensionless time , 2.;2

viscosity of solution , cP

association parameter for solvent

surfece tension of the solution

constent in Freundlich isotherm
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APPENDIX A

BREAKTHROUGH CURVES DATA

TABLE Al
The output concentration of n-hexane passing through the
packed column (velocity 1.59 cm/min ,Co = 150.27 mg/ml,bed length

46.00cm) st 15 C

Time(min) Ci(mg/m1) C/Co
1.00 0.0000 0.0000
2.00 0.0000 0.0000
3.00 0.0000 0.0000
4,00 0.0000 0.0000
5.00 0.0000 0.0000
6.00 0.0000 0.0000
7.00 0.0000 0.0000
8.00 0.0000 0.0000

9,00 : 0.0000 0.0000

10.00 0.0000 0.0000

11.00 0.0000 0.0000
12.00 ' 0.0000 0.0000
13.00 0.0000 . 0.0000
14,00 3.7570 . 0.0250
15.00 7.5130 © 0.0500
16.00 16,5290 0.1100
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17.00 31.5560 0.2100
18.00 43.5780 0.2900
19.00 60.1080 0.4000
20.00 78.1400 0.5200
21.00 105. 1890 0.7000
22.00 114.2050 0.7600
23.00 118.7133 0.7900
24.00 121.7180 0.8100
25.00 ' 124.7240  0.8300
26.00 129,2320 0.8600
27.00 : 129.2320 0.8600
28.00 182.2370 0.8800
29.00 133.7400 0.8900
30.00 133.7400 0.8900
TABLE A2

The output concentration of n-hexane passing through the

packed column (velocity 1.53 cm/min ,Co = 238.32 mg/ml,bed length

44,50 cm) et 15 C

Time(min) C(mg/ml) C/Co
1.00 0.0000 : 0.0000
2.00 0.0000 0.0000
3.00 0.0000 , 0.0000
4.00 0.0000 0.0000
5.00 0.0000 0.0000




6.00
7.00
8.00
9.00

10.00

11.00

12.00

13.00

| 14,00

15.00

16.00

17.00

18.00

19.00

20.00

21.00

22.00

23.00

24,00

25.00

26.00

27.00

28.00

29.00

30.00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
11,9160
19.0650
30.9800
59.5800
97,7110
1383.4590
171.5900
193.0390
204,9550
209.7216
216.8720
214.4880
226.4040
226.4040
226.4040
226.4040

228.7870

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0500
0.0800
0.1300
0.2500
0.4100
0.5600
0.7200
0.8100
0.8600

0.8800

© 0.9100

0.9000

0.9500

0.9500

0.9500

0.9500

0.9600
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TABLE A3
The output concentration of n-hexene pessing through the

packed column (velocity 2.90 cm/min ,Co = 332.98 mg/ml,bed length

46.50 cm) at 15 C

*Time(min) C(mg/ml) C/Co
1.00 0.0000 0.0000
#,00 0.0000 0.0000
3.00 ' ~ 0.0000 0.0000
4.00 0.0000 ~ 0.0000
5.00 0.0000 ~ 0.0000
6.00 0.0000 0.0000

: 7.00 0.0000 0.0000
8.00 16.6490 0.0500
9,00 53.2760 0.1600

10.00 169.8190 0.5100
11.00 243.0750 0.7300
12.00 266.3620 0.8600
13.00 306.3400 0.9200
14.00 316.3310 0.9500
15.00 319.6600 0.9600
16.00 319.6600 0.9600
17.00 322.9900 0.5700
18.00 322.9900 - 0.9700
19.00 322.9900 " 0.9700
20.00 326.3200 0.9800
21.00 322.9900 0.9700
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22.00 322.9900 0.9700

23.00 326.3200 0.9800

24.00 319,6600 0.9600

25.00 :  326.3200 0.9800
TABLE A4

The output concentration of n-hexane pcssfng through the

pecked column (velocity 2.94 cm/min ,Co = 157.35 mg/ml,bed length

45.50cm) 8t 15 C .

Time(min) Cimg/ml) C/Co
1.00 0.0000 0.0000
2,00 0.0000 0.0000
3.00 0.0000 0.0000
4.00 0.0000— [¢d . 0.0000
5.00 0.0000 0.0000
6.00 0.0000 © 0.0000
7.00 0.0000 0.0000
8.00 6.2940 0.0400
9,00 25.1760 0.1600
10.00 48.7780 0.3100
11,00 81.8220 0.5200
12.00 108.5715 0.6900
13.00 130.6005 ; 0.8300
14.00 136.8940 0.8700
15.00 144,7620 0.9200
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16.00 146.3350 0.5300
17.00 149.4820 0.9500
18.00 149.4820 0.8500
19.00 . 149.4820 0.9500
20.00 153.4160 0.9750
21.00 151.0560 0.9600
22.00 151.0560 0.9600
23.00 151.0560 0.9600
24.00 151.0560 ) 0.9600
25.00 " 151.0560 0.9600
TABLE A5

The output concentration of n-hexane passing through the -

packed column (velocity 3.70 em/min ,Co = 140.34 mg/ml,bed length

47.00cm) at 15 C &

Time(min) C(mg/ml) C/Co.
1.00 0.0000 0.0000
2.00 | 0.0000 0.0000
3.00 0.0000 0.0000
4.00 0.0000 0.0000
5.00 0.0000 0.0000
6.00 8.4190 0.0600
7.00 21.0480 0. 1500
8.00 64.5470 0.4600
9.00 94,0140 0.6700
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10.00 113.6590 0.8100
11.00 123.4810 0. 8800
12.00 127.6900 0.9100
13.00 130.4970 0.9300
14.00 131.9000 0.9400
15.00 134,7000 0.9600
16.00 133.3040 0.9500
17.00 136.1100 0.9700
18.00 137.5130 0.9800
19.00 136.1100 0.9700
20.00 , 138.9160 0.9500
21.00 136.1100 0.9700
22.00 137.5130 0.9800
23.00 187.5130 0.9800
24.00 136.1100 0.9700
25.00 136.1100 0.9700
TABLE A6

The output concentretion of n-hexane pessing through the

packed column (velocity 2.40 cm/min ,Co = 139,21 mg/ml,bed length

48.00cm) at 15 C .

Time(min) C(mg/ml) C/Co
1.00 0.0000 3 0.0000
2.00 0.0000 0.0000
3.00 0.0000 0.0000




5.00

6.00

7.00

8.00

9.00
10.00
11.00
12.00
13.00
14.00

15.00
16.00
17.00
18.00
19;00
20,00
21.00
22.00
23.00
24,00

25,00

0.0000

0.0000

0.0000

0.0000

5.5680

6.9600

9.7440

15.3130

43.1550

66,8200

76.5650

101.6230

112.7600

122.5040

125,2890

129.4650

130.8570

132,2490

132,2490

132.2490

133.6410

133.6410

0.0000

0.0000

0.0000

0.0000

0.0400

0.0500

0.0700

0.1100
0.3100
0.4800
0.5500
0.7300
0.8100
0.8800
0.9000
0.9300
0.9400
0.9500
0.9500
0.9500
0.9600

0.9600
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The different concentration of n-hexene

equilibrium

in mixture of n-hexane and cyclohexane on activated

APPENDIX B

ISOTHERM DATA

carbon at 15 C are presented in teble Bl.

TABLE B1

Experimentsl dete st equilibrium.

initiaelly end at

x g n‘. q InC Inq
(mg/ml) (mmol/g) (mg/g)
0.0600 39.7200 0.,3594 50,7880 3.6819 3.9277
0.0610 40,3820 0,2527 46.1810 3.6984 3.8326
0.9600 63.5520 0.5878 82.2168 4,1519 4,4094
0.1100 72.8200 0.5884 90,2622 4,2880 4.5027
0.1120 74.1440 0.8185 102.5413 4.3060 4,6303
0.1900 125.8700 0.6267 137.6910 4,8345 4,9250
0,1930 127.7660 0.6841 141.9586 4,8502 4.9550
0.2030 134.3860 0.6941  148.4328 4.9007 5.0001
0.2110 139.6820 0.8975 162.4608 4,9394 5.0904
0.2900 191.9800 0.7699  201.7511 5.2574 5.3070
0.2960 195.9520 0.6960 201.3172 5,2779 5.3049
0.2990 197.9380 0.8569 211.2138 5.2880 5.3529
0.3060 202.5720 0.,7723 210.5554 5.3111 5.3497




0.3920
0.4000
0.4050
0.4920
0.4950
0.5030
0.5050
0.5980
0.5980
0.6010
0.6870
0.6900
0.7040
0.7080
0.7940
0.8000
¢ 0.8040
- 0.8820
0.8860
0.8960
0.8970

0.9490

259, 5040
264.8000
268.1100
325.7040
327.6900
332,9860
334.3100
392.5660
395.8760
397.8620
454,7940
456.7800
466.0480
468, 6960
525, 6280
529, 6000

532.2480

583.8840 -

586.5320
593.1520
593.8140

628.2380

0.7107
0.6466
0.6697
0.5927
0.5501
0.6010
0.4899
0.3860
0.3932
0.6171
0.2847
0.2223
0.3986
0.4143
0.2962
0.0793
0.2739
0.0782
0.1748
0.0764
0.1738

0.3768

256.9471
257.7452
262.3889
307.9662
307.4907
314.3506
310.18929
354.4578
357.8725
371.2161
402.6440
400.9881
418.1799
421.4531
463,8702
455.5276
468.2724
501.7903
509.3660
509.5522
515.5195

556.1127

5.5588
5.5790
5.5941
5.76860
5.7921
5.8081
5.8121
5.9727
5.9811
5.9861
6.1198
6.1242
6.1443
6.1500
6.2646
6.2721
6.2771
6.3697
6.3742
6.3855
6.3866

6.4429

5.5489
5.5520
5.5698
5.7300
5.7284
5.7505
5.7372
5.8706
5.8802
5.9168

5.9981

' 5.9939

6.0359
6.0437
6.1396
6.1215
6.1491
6.2182
6.2332
6.2335
6.2452

6.3210
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APPENDIX C

DERIVATION OF THE MATHEMATICAL EXPRESSIONS USED TO

PREDICT THE BREAKTHROUGH CURVES

With the sssumption as shown in chapter 2 the

concentration C(z,t) is determined by the following steps.

"2 Yo ::,o “l +a2
G Z+az -
: H
F 4 2482

Figure C1 Mass balance in column.

Mess beleance in liquid phase §

Ane EAazC(t) -EAszC(t+at)

t 34

4 +AUat6|. +AUstC

N AAtl - N Ast
= = stesg t &

+ (l-E)r.Aaz(i(t) - q(t+st)) = 0O ; ; (C.1)

division by Astsz and teking the limit es at -> O and sz ;) 0 gives

N-N _ +UE-C )+ (C)-Clttat)) + (1-E)(J(L)-G(t+at)
z at at

" 0 (C.2) |



7

- 9N - Uy - 3C - (1-&r Q3 = 0 (C.3)
2 29 - ot
for N = =-D13C_ then
y 4
-p13°C+ugl+ C+ (1-8)p ga = 0 (C.4)
ozt oz ot t

the rate of adsorption assumed to be linear is expressed as
(1-€kad = Kc.s.(Ci-C") (C.5)
ot

Mass bslance in the sdsorbent particle §

r4ar

Figure C2 Mess balance in edsorbent particle.

A, a
N | ., dstréar’) - N | dxr = awrer %tg (C.6)

division by 4xar and teking the limit es ar -=> 0 gives

@
=
he |
L]
n
e |
)
o V)
Fal

(C. 7

@
-
")
Cad
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ar
3¢ . = -Ds ¢ 3 "q+23q) (C.8)
ot art  Tar

the external diffusion boundery condition may be expressed as

D_a_g_ B = k' (C~-C) (C.9)
or
the average solid phase concentration , q is calculated by
3 = 3 far’ ar (C.10)
R
the internsl diffusion boundary condition may be written as
g *: 0 at r = 0 (C.11)
or

The appropriate boundary and initial conditions for these equations

are as follows 1@

£ .m0 at & = 8 Jp o (C.12)
d = o at = 0., % >0 (C.13)
£ =00 . w $ %0, 2 = @ (C.14)

Conditions C.12 and C.13 show that at the staert of the run
the aedsorbent does not contain sny adsorbed species. And condition
C.14 states that at the bed inlet the concentration of the
adsorbasble specie is maintained constaent. C end q is related by an

equilibrium isotherm , the Freundlich equation ixpressod as



a = bCo"

The basic equations were solved numerically. The
intreparticle and bed equations were solved using the Crenk-
Nicolson implicit method and the explicit finite difference method

as presented below.

Bed 3
-p1(C -2C +C ) + U (C -C (C <G
—mtlsn—myN—wm=4, N \ —mtisn—m=-4,n) ¢ S msnti——m, N
AZE 240z at
+ Kc.8.(C -Ci ) = 0 (C.15)

misnnts ms0

Rearrange equation C.15 to give the following aquutfon.

C = © (1-B1-2B3) - B2« -C ) + B1(Ci )
msnnt s ms mtiemn m=4sm m=1em
+ B3(C +C ) (C.16)
métiem m=iem
Bl = athe/E.
B2 = ugilze..z
B3 = Dl;t/e‘aza
Particle
Sr.nfl-.—qr.n) 2 D- (3 (SrQI-n-—qr-tnn) . ‘ﬂrft.n-zqr.nmr-!.n o
at 2ar ar?
Sr‘l.n't_zqr.nOtﬂr-l.an)] ; (C.17)
ar?

Then equetion C.17 becomes the following
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rennt¢l = Az.qr.n » Aa [ A4.qrﬂa.n ’ As.qr-l.n

+1 (q - )3 (C.18)

r-f.n¢tl ql"l.ﬁ’l

Al .tn./;r’

A2 = (1 - A1)/(1 + A1)
A3 = A1/(1 + A1)
A4 = 0.5 + ar/r

A5 = 0.5 + ar/r

Where =n is the time index , m is the column
space index end r is the space index ;ithin the particle. The
paerticle was divided inﬂo 5 shells. To start the numerical
integration . the bounderies C.12 to C.14 were used to solve

C.15 to give 6_ « Then essume Ci at tbe. particle surface

nes

and calcule q, ‘fPOI the reletionship between q and C usingthe

nt

aedsorption isotherm equation. Integretion using equation C.10 s q

is performed. The new value of C will be set
mome s ; momts :

equal to (q )"'. thenequstion C.15 end C.18 cra~solvoé

nsme¢

eanew. To esolve these equetion the turbo besic program presented

below was used.

CLEAR
IRPUT “CO = “;CO!
- INPUT “DS = ";DS!
INPUT 'lﬁ = ':50
RPUT © & "] .
inpur L =";L : INPUT "M = “;M: Z = L/N

T “TOTAL TIME = ";TT¢ : INPUT ~ gr ='£r
:":u'n!n : INPUT " Dia = ";D:INPUT "R = “;R1
dR = D/(2%R1)
IRPUT "DL = “;DL
EB! = .68
i PB! = .38
AV! = 68.184
DIM C(M,2) : DIN Q(M,2)
DIN I(R1,M) : DIK J(R1,M)



CLS

LPRINT ~ Co(mg/ml) =" USING "ss#s ss~ ;CO!
LPRIRT ~ Ds(cm /min) =" USING 4. gusussesss” ;DS!
LPRINT ~ Kc(em/min) =" USIRG “#.4ussassess” ;KC
LPRINT ~ Di(cm/min) =" USING “#.¥##";DL

LPRINT ~ U(em/min) =~ USING "s# 88" ;U

LPRINRT ~ L(cm) =~ USING "s#.#8";L

LPRIRT ° Eb =* USING "## sss" ;EB!
LPRINT * Pb(g/cm ) =" USIKG "##.88#" ;PB!
0=0

(1-A1)/(1+4A1):A3 = A1/(1+A1)

A1 = (T*DS!)/(dR"2) : A2
(UT)/(2%EB!%*Z) :B3 = (DL*T)/(EB!*2*Z)

Bl = (T*KC*AV!)/EB! : B2
FORH =2TO XM
C(H,1) = 0 :Q(H,1) = 0
NEXT H
Q(1,1) =0

€(1,1) = co!

LPRINT °*

LPRIRT ~
LPRIRT TIME(min) C(mg/ml) C/Co

LPRIRT
TINE = 0
FORG=1TO N
Cc(1,2) = CO! :
FOR H =

CI = CO! :
350 C(H,2) = C(ll.1)#(1-51-2‘53)—32‘(C(H01,1)-C(Il-1,1))

IF C(H,2)<0 THEN C(H,2) = 0O
IF C(H,2)>CO! THEN C(H,2) = CO!
Cl = Q(H-1,2)
370 IF G>1 THER 410
FORE = 1 TO R1
I(E,H) =0
NEXT E
410 J(R1,H) = 4.378%CI1".7447
430 V = J(R1,H)*((D/2)"2)*dR
FOR E = R1-1 TO 2 STEP -1
$ = dR:E
J(E-1,H) = O
Ad = .5+(dR/S) : A5 = .5-(dR/S)
480 J(E,H) = A2=I(E,H)+A3%(A4%I(E+]1,H)+ \
ASSI(E-1,H)+.5%(J(E-1,H)+J(E+1,H)))
V = V+J(E H)*(S"2)*dR
NEXT E
J(1,H) = J(2,H)
V = V+J(1,H)*dR"3
SUNQ = (3%V)/(D/2)"3
123 LNQ = LOG(SUMQ)
125 A® = (LNQ-1.477)/.7447 P
Q(H,2) = EXP(AB)
KK = KE+(SUMQ@*0.4)
S80 FORE = 1 TO R1
I(E,H) = J(EB,H)
REXT E
NEXT H
C(M,2) = 1/3‘(4'0("-1,2)%(!-2.2))
Q(M,2) = 1/3=(4xQ(H-1,2)-Q(M-2,2))
TINE = TIME+T
0 = 041
PRINT USING ~## 888" ;TIME
PRINT USING ~ssuss sssss” ;C(N,2)
PRINT USING “ssgss supss” ;KK
IF 0<10 THEN 500
LPRINT TAB(10) USIRG "#¢# %8 ;TINE TAB(25)
USING “sa%.ss#8~;C(M,2)TAB(40) USING “#%.84888" ;C(N,2)/C0!
TAB(55) USING"s#ss ssss" ;KK
0=0
S00 FORH=1TOM
C(H,1) = C(H,2) : Q(H,1) = Q(H,2)
NEXT H
NEXT G

LPRIRT ©
LPRINT “END OF CALCULATION"

600 ERD
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APPENDIX D

DETERMINATION OF SURFACE DIFFUSION COEFFICIENT

The concentration as a function of with time of n-hexane in
mixture of n-hexene and cyclohexane on activated carbon at 15°C are

in betch experiments presented in table Di.

TABLE D1
Concentration (C) , dimensionless concentration (E) s and

dimensionless time (8) , as & function of time based on batch

experiments.
Time Co 170,13 mg/ml Co 350,86 mg/ml
(hr)
c E = c E 8

1 149,05 0.65 0,03 |[306.53 0.65 0.03
2 146.45 0.73 0.04 [296.30 0.80 0.06
3 144,18 0.80 0.06 |296.30 0.80 0.06'
4 142,24 0.86 0.08 {289.48 0.90 0,11
5 140.94 0.90 O.11 |289.48 0.90 0.11
6 140.94 0.50 O0.11 |289.48 0.90 0.11
7 139.32 0.95 0.15 |286.07 0.95 0.15
8 138.35 0.98 0.20 {286.07 0.95 0.15
9 137.70 1.00 0.28 |282.67 1.00 0.28
10 1837.70 1.00 0.28 {282.67 1,00 0.28
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Intraparticle diffusion coefficients called surface
diffusion coefficients if the hypothesis of surface diffusion is
made, can be estimated from the correlation presented in figure D.1
(3) when the exponential p and the constant in the Freundlich
equation are known. Reading © from figure E.1 for the experimental

E values ( E = Co-C ) and plotting © against time as shown in

Co-Ca
a straight 1line through the origin. Ds is now

figure D.2 gives

determined from the value of the slope using the following relation.

Ds = slope x R ; (D.1)

The average velue of Ds for this study was found to be

1.0640 x 10 ° cm /min

10 i II]HH i ll‘]l”l S | 11]”" BRI ERRLL P .
| [Freundiich / 9
08 —— Surface diffusion /
8 ——~ Pore ditfusion A :
s 0.6
g
w 0.4
0.2
0 \ e thi ratdonl 3 vl
10° 10 oot 10" 1
-Ds. D Co v (.
i o wBR
Figure D.1 E vs. dimensionless time for Freundlich

isotherms (p = exponent of Freundlich isotherm equation).



®
® Co= 170.13 mg/ml
T ® Co= 35086 mg/ml s o
'.._
2
@
9 1 )
#
oi:%iiii?i?o
TIME (MIN)

Figure D.2 O as a function of time obtained for experimentsal

E values..
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APPENDIX E

SAMPLE CALCULATION OF THE BREAKTHROUGH CURVE

Surface excess and equilibrium isotherm

Equilibrium concentretions of n-hexane at equilibrium are
presented in teble Bl. A surface excess , n". can be calculated

from the following equation.

n ¥ n (x -x) (E.1)

where n " = surface excess , mmole adsorbed/g adsorbent

1
n" = totel mole in solution , mmole
X e initiel mole fraction of A

b 4 = equilibrium mole fraction of A
g = adsorbent weight , &.

A equilibrium isotherm can be calculated when the
adsorption volume is known. The adsorption volume used in this
study is 0.852 cm’/g. The equilibrium isotherm for liquid phase

adsorption will follow the Freundlich equation as follows
q = bC (E.2)

Taking the logarithm of both sides in equation E.2 gives
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iIn g = inb + giInC (E.3)

Plotting 1Inq vs. InCo may give a straight line , and g and b are
determined from the slope and the intercept . The equilibrium
isotherm of n-hexane on activated carbon at 15 C as shown in figure
4.2 is described by the following equation.

D.7447

q = 4,379 C (E.4)

Axial dispersion coefficients

The axial dispersion coefficients in packed bed can
calculated from equation E.4. (E.Y. Wen and L.T. Fan, "Model for

flow system and chemical reactions™)

o.an

N'. = 0.20 + 0,011 N.- (E.5)
equation E.4 can be rearranged to give
D = ( N ) (E.6)
¥ i 0.49

0.02+0.011 N>

Axial dispersion coefficients obtained from published correlestions

for different column using equation E.6 are presented in table VIII.

External mass transfer coefficients

External mass tranfer coefficient can be estimated from
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correlation for packed beds (4) as follows.

N = 1,17 N %%y 7 (E.T)
sh | X ] Sc
Then rearranged to give
o.s688 1/3
k, = 117D (N__ £ (E.8)
D

The diffusivities of 1liquid solute in the liquid phase
which is generally smaller than in the gas phase by 4 to 5 orders

were calculated by the following known equation

D = 7.4x10 " (MO T (E.9)
. o
D, = liquid diffusivity , cm /sec
T " absolute tempersture , K
jﬂ = viscosity , cP
VA = molar volumn of solute as liquid at its mormal boiling
point , cm'/g mole
\y‘ = associstion parameter for solvent ,1 for cyclohexane
M i molecular weight of solvent

Data from calculations using equation E.9 is presented in

table Ei. Molar volume of n-hexane is 185.40 cm'/g.mole.

Overall mass transfer coefficients

The overall mass transfer coefficient, Kc depend on the
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external mass transfer coefficient, kf , and an effective internal
mass transfer coefficient, k‘n‘ » Diffusion within the particle
is actuelly en unsteady-state process. An approximate average

coefficient for a sphere can be estimated using following equation.

k = 10Ds (E.10)
int D
?
This leads to
1 = ; S, 2 Dp (E.11)
Ke kg 10D

Parameters from the calculations are shown in table VIII,

Table El

Parameters for prediction of breakthrough curve.

1 2 3 4 5 6
Co (mg/ml) 150.27(238,32|332.98|157.35{140.34{139.21
Uo (cm/min) 1.59 1.53| 2.90| 2.40{ 2.94}f 3.70
r; (g/cm.) 0.752410.736810.7201{0.7511{0.7541]0.7543
p (cP) 0.8280{0.7400{0.6440|0.8210{0,8380{0,8400
Re 0.2648]0.279310.594510.6104(0.6104{0.3951

Dv (cm /sec), x10° |1.0290|1,1520|1.3230{1.0380(1.0170{1.0960
N__,x107" 1.0691{0.8719{0.6757|1.0528(1.0925{1.0974
kf (cm/min), x10° [3.0871|3.3289|5.4661(4.4557|5.0072|3.8788
Kc (em/min)’ x10° |9.6425/9.6447]9.6556(9.6517|9.6540|9.6486

D1 (cm /min) 0.6770{0.648211,1165/1.1618{1.4191|0,9761
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The breskthrough curves

Breskthrough curves <cen be solved using e turbobasic
progrem on a personal computer as shown in appendix C . The
calculation time is about 1 min for each point on the breakthrough
curves. This program was run on an IBM-PC-XT with e 8087 math
coprocessor chip. The result of the predicted breakthrough curves
at Co = 150.27 mg/ml, Uo = 1.59 cm/min and Z = 46 cm are shown as
follows in teble E2. Q@ is the amount adsorbed in the column

calculgted from equation C.10.



Table E2

Co(mg/ml) = 180.27

Ds(em /min) =0.0000010640

Ke(em/min) =0.0000850000

Dl(cem/min) =0.678

U(em/min) = '1.99

L(cm) =46.00

Eb = §.680

Pb(g/cm ) = 0.360

TIME(min) C(mg/ml) C/Co Q

0.50 0.0000 0.0000 110.3544
1.00 0.0000 0.0000 111.3133
1.50 0.0000 0.0000 112.2720
2.00 0.0000 0.0000 113.2304
2.50 0.0000 0.0000 114.1887
3.00 0.0000 0.0000 115.1467
3.50 0.0000 0.0000 116.1046
4.00 0.0000 0.0000 117.0622
4.50 0.0000 0.0000 118.0187
5.00 0.0000 0.0000 118.8770
5.50 0.0000 0.0000 \ 118.8342
6.00 0.0000 0.0000 120.8912
6.50 - 0.0000 0.0000 121.8479
7.00 0.0000 0.0000 122.8048
7.80 0.0000 0.0000 123.7611
8.00 0.0000 0.0000 124.7175
8.50 0.0000 0.0000 125.6737
8.00 0.0000 0.0000 126.6288
8.50 0.0001 0.0000 127.5858
10.00 0.0004 0.0000 128.5417
10.50 0.0018 0.0000 128.4874
11.00 0.0071 0.0000 130.4530
11.50 0.0232 0.0002 131.4087
12.00 0.06874 0.0004 132.3640
12.50 0.1783 0.0012 133.3194
13.00 0.4134 0.0028 134.2747
13.50 0.8811 0.0089 135.2299
14.00 1.7700 0.0118 . 136.1850
14.50 3.2625 0.0217 137.1401
15.00 5.8157 0.0374 138.0850
i9.90 9.0781 0.0604 139.0500
16.00 13.85681 0.0822 140.0048
16.50 20.0720 0.1336 140.85886
17.00 27.7058 0.1844 141.8144
17.50 36.6016 0.24386 142.8681
18.00 46.4653 0.3082 143.8238



56.
67.
i
87.
85.
103.
108.
114.
118.

0000000000000 OOOOOOOOOO

144.
145.
146.
147.
148.
148.
150.
151.
152.

- —————————— - —— - — ——— - —— - ——— - —————————————————————————————— - — -

END OF CALCULATION
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APPENDIX F
DETERMINATION OF PARTICLE SIZES

The perticle size distribution of 25x40 mesh particles was
determined through microscopy with a spectromicrometer using
Ferret's method es shown in figﬁre Fl. The size distribution of the
particles were found to have the same shape as shown in figure F2.
The average dismeter used is the surface mean diameter which has
the following relationship.

a2 172

(ind )
e

surface mean diemeter = d (F.1)

Dav

Figure F1 Ferret's diameter , the longest dimension slong

the line parallel to the bssé of the view.

The surfece mean diameter obteined was 0.11 cm.
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NUMBER OF PARTICLE

i
? 3

PARTICLE DIAMETER ( MM)

Figure F2 Size distribution of psrticles with an average

size of 0.11 cm.
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APPENDIX G

EXAMPLE OF CHROMATOGRAPHIC PEAKS

S
. g
. 3
¥
w
L =
; ,_gq ﬁ
¥ I
{gﬁ c
B " 1
| 1§ L} | I i 3

FigureGl The chromatographic peaks of @& binary mixture

containing n-hexane and cyclohexane.
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APPENDIX H

SELECTION ADSORPTION OF HYDROCARBONS IN BINARY MIXTURES

Deta obtained by A.E.Hirschler and S.Amon(2) is shown in

tables H1 to H3.

Table H1 :
i Rrircrive Apsorrrion 1N Panarrin-Narumiese Svsteis
Composlitior
AL, of Voint
ATIos'  Begrotivn
X - &mk'm Componest J::n of Vol. S’
Component A Component B bent %ol A Adoorbed  Adeorbed (Appm.:
jifitvien / Biee = » el Bl
o g Methpleyclopentane 8 171 ﬁ i1 s’
0.7 0.31
u-Hexane Methyleyelopentane ‘: 2 ::0 U-type, A ods.
#-Hiioe Cyeloborass H n: -1 >18 to%A
90.0 ‘ ; n
i 3. v . A adn
ot ne Cyelohezane L o} ”13 ﬁ >.-:. Kypa
: 087 % B
2.2-Dimethylbutane Cyelobezane 8 :’: i o %
: 90.0 1.9
: " ; 0.10 98% B
2,2-Dimethylbutane Cyeclohezane .’/ " '0 .l : f al e %
90.0 1.9
¥ 12 0N%A
4-Teptane Methyleyelobezane 8 5 i:‘:i R :;; %
¥ : N1
. - 5 1 ﬁ ¢
X -30. 6.2 U-typh Aeds
a-Heptane Methyleyelobexane o] :83 ; $3 ypb, A &
27.0 5 0.22 ' s
2.2,4-Trimethylpentane Methyleyclohexane 8 ‘lg : e : g % B
0.0 0.56
E “ 0.42 B . B ad
1.9 4-Trimethylpentane Metbyleyclobexane :8: g 8¢ U-type, B ade
o d 0.0 95-100% B
2.2.4-Trimetbylpentane Metbyleyelohexsme A ’g ; : = 3 8¢ z [ A
2.4-Dimethyipentans  Cyclohexane ] .18: A : :. 0% A
2 0.0 ¢ X
2,25 Trimethylbutane Cyelohezsne 8 g.: - e (X 0% B
i 008 0.7
2.2.8-Trimethylbutane Cyclohexame o] .I.O: ‘ :g (713 ]
8.8 B 20
5 leyelobex 8 100 A 03 WKB
n-Octane Ethyleyelobexane 1 '3 930 “
0.0 B 0.8 i
n-Odtane Etbyleyelohesane L o] ’::.o A >= :. 98-100% A
0&‘ : 0.0l
4 feyelobexane A 9.0 i -Type,
n-Oédtane Ethyleyelo L i :a U-Type. A ods
& { 3.0 s -
224 ‘l:rlmrlllx’ruhu Ethyleyelobexane :8: g . s.l 00 1”% B
0.0 B (a
a-Docane Amyleyclobexane 3] :8.0 e :_” 0% B
lﬁ, Hy +
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@ 8 oltica gel, O catbon, A aluming.

»:Décene Amyleyelohezane c 0.8 A 0.80 U-type, A ads.
n-Dodecase . Amyleyelohezane c 8.7 A 0.00 U-type, A ade
n-Dodecane Dieyclobery! ST 38:: t $3 0~.m.n.AMh
a-Pentedecane Dieyelobexyl ] 38.': A ‘ 3& co?s A
2.2-Dimethytbutase EBthylryelohmane el ,o‘_r .' ‘ | :;’c % B
n-Ootlave Cyelobezang &) g: ‘ ) ::‘C 8% A
w-Deennd Cyelobezane 80 : ] 0.9 3
" n-Dédocane Dieyelobexy! | g0 4 8“ - 88% A4
88 ‘ 11
90.8 LX
" o Eatimated from pereolation of impure eyelopent taining saverd! par sat 8,9-dimethylbutans,
Teble H2
Tasie §. Brrrcrive AbsoRrTION tx PARArris-PanArsin Srereus
O | W
D
Adi
(PN ol ﬁ.&: "g:nm"
g . m 3
Component A ~ Component B o:: A -Ada:r..lnd Adsorbent a,...b
n-Meplane 2,4-Dimelhyipentans ) .:2 ‘ :..g
n-Heptane 2.3-Dimétbyipentahe " 0.4 ] 0.%0
a-Heptane n.u-m-«m:-'mn c 23:3 ﬁ >:..=
2.4-Dimethylpentans 298 TripethyTbatane 8 gg:: i 33’
A A g
2.4-Dimethylpentans  9,2.8-Trimethytbutane c .zg A 3}0
8.4-Dimethylpentand  2.9-Dimelhyipentane 8 .183 A :.u
" 8.4-Dimethylpestane  8.8-Dimethylpentane .0 - e - 18 wns
; im : 0. A k %
54,4 rimethylpentiie 2,35 Trimethylpentane 8 loe A 3}. 95-100%; A
(] 0.0 A 4 LA
a-Octane I.l.l—'l‘vl-olhlpe?hl'o ;' ‘ ‘ 3 4 0% A
. 90, 0.38
0 A :
#-Octane 2.3.4- Trimethyipentane c 3.0‘. 4 : ; U-type, A ade.
: ole A 19 :
n-Octane Q.Q.Lta..tnyvpfgang A ..',_'2 ‘ &a ~80% A
eyt g 0. A J ’
a-leptane . Toh Wderane & ‘o: 3 ::7 U-type, A ads.
o i % 10.0 B X X
o-Meptane a-llesadecane ¥ =4 3 ’gr U-typ-, B ads.
- 10.0
a-leptane o-Hetadesane A b9 > : f 0%
: L ¥ ‘e ! A 48-
#Oclane #-Decans | e 4 S48 Utorhode
o 4 ! . 0.0 A
#-Octane [ butn. ( s |n . = ’;‘ U-type, B ads.
a-Herame 23,0 Trimetbylbesase € f .8 ; .! : 7: .! Udype, A ade.
; o T8 A 3. 2
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Teble H3
Tansiz 111. BrLrCTIVE ADRORPTION I Natitrnens-Naruruens Brereus
i Cemposltion
Fauliibs Aot s
Sl c.s.- 00 . J" wo Iel‘geuvlly.
Component A Component B o:" .c'it zwbd ldmbﬂ (Approx.)
Cyelopentase® Cyelobezane . 8 .'3: ‘ >:. s U-type, A ado
: ] 1 80
Cyclopentane® Cyelohezane C 'l: : ; A mm'.n'.m 00%
Mothylcyelopentane Cytlobezane 8 ‘8: : | :g U-type, A ade
SMolhyleyelopentane Cyelobetane Cc g: ‘ ::ﬂ U-type, A ade
L . : ;
Eyoiobezans Ethyleyclohezans 8 .I.O. 0 i i .0" o% B
90, 0.10
yelobeznse Ethyloyelohezane © "4: _ g >H U-type, B ade
Mothyloyelobexane Etbyleyelobezane 8 0.6 A 0.13 Sl
$gatbyleyelobeznne Ethyleyelobexane © g. g St : 07-100% B
Methyleysloberase Ribyleyclomtzane A r3 g 89 e
Motbyleytlobexem: Amyleyelohizane 8 :{ ' 3 8 (1] Y
e & H 0.2
elo-Deealin trens-Decalin (] o & ces.  98-100% B
A elobex 8 0.9 : ;
myleyclheran Dieyeloberyl doe A 3048 98-100%
2-Buty! ¢, Dieyelobexy! 8 § 4
':a{.e‘y.dopurlcnb- Dieyelobexy A ‘gg ﬁ :g‘l' 93-100% A
her Dieyclohex. ¢ 0.0 - - ol :
Cyelohezade eyclobexyl : &.' g >: ;l U-type, B ade
irens-Deealin Dieyelebenyl © © 00 A (X

s c«m.u ..m.l w odl ol 8. l-llumkylbom

o

i

0 B B T,
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APPENDIX |
DETERMINATION OF PORE VOLUME AND VOID FRACTION OF ACTIVATED CARBON

The knowledge of pore volume and bed void fraction for the
adsorbent bed use& is necessary for the design of adsorbent columns
( i.es, for the calculation of the breakthrough curves). In the
absence of proper equipment the following method was used.

The method involved placing a know weight of adsorbent
(about a gram) in a graduated glass cylinder ( 10 ml) the adding 2
ml of en aedsorbable 1liquid , in this case n-hexane. After mixing
the entire mixture so that adsorption takes place fully total
volume recorded is mnow the volume of the n-hexane plus volume of
the solid which is impermeable to water. It was assumed that no
hexane has evaporated and that there was complete filling of the
pores. It is to be noted thet the system is composed of 3 volumes $

the 1liquid outside the pellets , the liquid inside the pellet ,
and the solid inside the pellet. This first value measured is the
solid inside the pellets , V..

We mnow drain the 1liquid out of the system which means
that the adsorbent pellets remain with pores filled with liquid.
We then add 2 ml of n-hexane in the cylinder once again. The total
volume of n-hexane is now the volume of the n-hexane added last (2
ml) plus the volume of the liquid inside the pores. Thus we know
by difference the volume of the solid plus the pore volume, V. + V..

Then in this second addition of n-hexane we can measure

the bulk volume of the bed V.. The porosity is equal to



(v“—v.+vﬂ)/v.. The experimental data is presemted in table I1.

Table 11

Experimental data for pore volume (V-) and void fraction (£).

Pore volume Void fraction
Vn (ml/g)
1 0.897 0.685
2 0,788 0.680
3 0.907 0.695
4 0.902 0.580
5 0.871 0.740
6 0.700 0.748
average 0.680 0,852




AUTOBIOGRAPHY

Wilawan Keawniyomchaisri was born on February 7, 1963 in
Nekorn Pethom Provincé. Theiland. She attended Benjamarnchaldilﬂigh
School in Bangkok and greduated in 1980. She received her Bachelor
‘of Science Degree in Chemistry from Silaepskorn University, Thailand
in April .1984., Following her gradustion, she worked with the
Technical Equipment Co.,Ltd. for two years. She enrolled for a
Master's Degree pfogran in chemical engineering at Chulalongkorn
,University in 1986. She was granted a Master of Engineering degree

in May 1990.



	References
	Appendix
	Vita

