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INTRODUCT ION
History

Fructose is onc of the component simple sugars of sucrose, the other being
glucose, Fructose has never been produced commercially on large scale, although
several projects have been proposed for this purpose; It is one of the few sugars
that are sweeter than sucrose and on this score may have particular uses in some
food stuffs, Ordinary sugar or molasses seems to be the most promising source
for manufacturing of fructose, The production from the later origin consists
simply of inverting the sucrose to glucose.gnd Tructose and then separating them,
Although it is quite a simple matter to convert sucrose into its two component
parts, the ﬁrocedure Inown commercially as inversion, is the initial and almost
immediate change which occurs to sucrose upon ingestion, The subsequent separation
and isolation of the separate parts from the mixture are not especially easy, For
this reason the supply of fructose has been quite limited, From this, the need to

look for suitable method to separate fructose from glucose was obvious,
Previous Work

Dow Chemical Co, has been succeeded in separation of glucose from fructose(l).
L.J. Lefeure of Dow Chemical Co, separated glucose from fructose by passage of
10-40 % aqueous solution of glucose and fructose over the Ag+ form of a sulfonate
exchange resin followed by clution with HZO « Glucose eluted first followed by
fructose, The procedure was as follows:

5 % (by volume) solution containing glucose and fructose equal to 5 % of the résin

bed volume, was passed over a column of Dowex 50 W—X4 y 50-100 Mesh, the resin was

+
in the Ag form, Elution with HZO was begun at a flow rate of 0,1 gal/minute/ftz



of column cross-section, Fractions were collected and analysed,

Roger Sarsent (2) of the same company also separated glucose from fructose
by passage of the solution containing both of them through a column of the salt
form of either a sulfonic acid cation or quaternary ammonioum anion exchange resin

followed by elution with water. The glucose is eluted first, followed by the fructosc

Witche, Ernst (3) at Iaevosan-Gesellschaft Chem, Pharm., Industrie, S, Africa
was able to separate glucose and fructose from each other, The proéedure as as
follows
5 kg, 50 % sucrose solution with 213 c.c, N HCL was kept at 5000 for 3 hours,
cooled and stirred with 150 c.c, Duolite A-7 in the OH form and then filtered,

Of the invert solution 2,06 kg, was condenced in the vacuo and dissolved in KeOH,
The solution containing 4.7 % HZO was seeded with 25 gm. anhydrated glucose at
1000 and gave 276 gm. glucose containing 2 7% fructose, The mother ligour and lMeOH
washings were added at 2 c.c, / minute, MeOH vapor from below, 31 c.c, of the de-
hydrated solution was collected and condensed from 24 % to 50 %, After seeding
with 25 gm, fructosc at 10°¢, 261 gm, of fructose containing 1.1 % glucose were
obtained, Additional crystalization from the mother ligours brought the yield of

glucose to 90,4 ¢ and that of fructose to 86,4 % ,

Hara, Kazuo (4) of Nisshin Flour Milling Co, ILtd, Japan, succeeded in sepa-
rating fructose from a mixture of fructose and glucose or from acid treated sucrose
by treatment with cyanoethyl starch and Ca(OH)Z. The solution was stirred one hour

in HZO and kept one hour to give fructose of purity 94 % ,

The biological technique was among the applicable techniques used to separate

fructose from glucose (5), This technique based on the fact that only one member



of a homologous series is active in the catalyzed reaction, Glucose oxidase will
catalyze the oxidation of glucose but not fructose, Disadvantage of this method
is that the rate at which the substance is concentrated by the organism may be

so slow as to rule out practical method,
Parametric Pumping

A new technique in the area of separation of solute mixtures has been re-
cently developed, This technique despite it is still under investigation, promises
a successful and economical separation technigue, This is the parametric pumping
" technique. According to Chen, Pigford, Wilhelm et al,the basis for separation by
parametric pumping lies in the ability of a solid adsorbent inside a column to
retain solute adsorbed on it during the cold downflow half cycle and later to
release this solute into the fluid phase stream during the hot upflow half cycle,
thus setting up adsorption wave front patterns within the column., The separation
here depends on the relative magnitude of penetration distances of these wave.
fronts through the packing during up and downflow half cycles and also the height
of the column, For the parametric pump, there are three possible regions of
operation: Region 1 which assure complete separation and region 2 and 3 in which
the separation is finite, The equations and expressions for the concentration

transients in the two product streams can be found eleswhere (6),

Because of the inherent slight differences in adsorbability of glucose
and fructose, it should be theoxrtically possible to separate fructose from glucose
by the paramectric pumping technique, The advantages of this method 1lie in the
following: ~

1, It achieves high separation factor, 2, The adsorbent does not need to be



reactivated during the operation, 3. It is practical on the large industrial

scale, 4, It is very economical and dynamical method,

In the subsequent pages a study of the adsorption phenomenon of glucose
and fructose using fuller's earth (LVM 16-30 Mesh) as an adsorbent, followed by
paranetric pumping experiments to separate glucose and fructose from their
aqueous solutions using activated carbon as an adsorbent (Recent research under
the supervision of Dr., H,T. Chen at Newark College of Engineering indicated that
activated carbon has greater capacity in adsorbing sugars from their agueous

solutions than fuller’s earth) are presented,
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THEORY
Separation via Parametric Pumping

Very high separation factors have been obtained by Wilhelm et al (7) using
cycling flow of a binary mixture upward and downward through a column packed with
solid adsorbent and alternately heated and cooled,., Chen andbhis coéworkers obtained
infinite separétion factors by continuous (8) and semi-continuous (9) parametric
pumps with feed to the top of the column, The basis for separation by parametric
punping lies in the ability of the solid adéorbent to retain solute adsorbed on it
during the cold downflow half cycle and later-to release this solute into the fluié
phase stream during the hot upflow half cycle, thus setting up adsorption wave front
patterns within the column, The separation depends on the relative magnitudes of
the pentration distances of thesé wave fronts through the packing during up and
down flow half cycles and also the height of the column, The extent of separation,
of course, also depends on the operating coﬂditions and the systém involved in the
parametric pumping. Prediction of separation is relatively simple if the cquilibriun
theory of Baker, Pigford and Blum applies, However in many systems separation is
retarded by some countereffects (10) as ; (a) The axial fluid phase diffusive losses
caused by molecular diffusion and by fluid mixing processes in the spaces between
particles, (b) mass transfer resistance to diffusion of material between solid and
fluid phases, Also, other phenomena may effect the separation, Forvexample, it is
possible that in certain temperatures ranges, the viscosity effect may override the

normal adsorption phencmena .,

Pased on the equations of continuity and motion, and by neglecting axial

diffusion inside the column, the equation of transport for the parametric punping



system can be expressed in the modified form 1

' P
€ f; .a_}ti +egfv —5}2'-+(1-e)§’s-bb—"t=o

where € is the porosity of the adsorbent and v is the interstitial velocity inside
the column, X = gm, mole solute adsorbed / em. solid adsorbent and Y = gm, mole-

solute remaining / gm. mole solution,

The above equation has been solved by Pigford et al and the transient equations
for the concentration of the top and bottom streams have been obtained (11), Chen (5)
also obtained the transient equations by solving a system of two internal and two .
external equations (Internal equation is a solute material balance inside the column
and external eguation is a solute material balance on streams from and to the reser-

‘voir ).

For the continuous parametric pump there are three regions of operations,
region 1 in which the separation factor defined as the quotient of the top and botton
concentrations approches infinity as the number of cycles becomes large, and region
2 and 3 in which the separation factor becomes finite and separation is incomplete.
However the possibility of running in any of these regions depends on the relative

magnitudes of the penetration distances L1 and L2 vhere

. u
Ly = 1 —g— at the end of an upflow half cycle
1 -5
u2
L, = X at the end of a downflow half cycle
1+D

Uy and u, are the propasation velocities at the mean column temperature in upflow
and downflow respectively, b is dimensionless cquilibrium paramcter and 1:7 is the

half cycle time, It also depends on the height of the column,



The boundaries between region 1 and 2 and between region 1 and 3 are the
loci of so ecalled switching points , If LI decreased until it becomes less than

L? or L_ increased until it exeeds h ,)the pump switches its oripginal operating

2
region to another one in which the separation factor is different than that of

the original region, The crossing of the boundary L1 = L2 is due to increasing

the bottom product flow rate QB and so decreasing uy and lowering L, . The

1
crossing of the boundary L, = h is due to increasing the reservoir displacement

volume and hence decreasing L2 .

There are three main types of parametric pumps , batch, continuous and
semi~continuous (batch operation during one half.cycle and continuous operation
in the othcr). The performance characteristics of the seni-continuous with top
feed is similar to that of continuous and the expressions for the transient
equations are the same, the only difference is that of the switching points
resulting from bottom product variation, For continuous pump the switching con-

Zb
1 -Db-

dition is ¢B = b whereas for semi-continuous pump, the condition is ¢B =

The separation of two component systems by parametric pumping could be
extended to the multi-compinent systems, The degree of separation of each component
depends on the rate of bottom product ¢§ as compared with dimensionless equili-

brium varameter h for +the +un hinarw nmaitre

uy = :ﬁl_gl_:_gé ) Yo <1 + ¢B)



EXPERIMENTAL

(A-1) The Effect of Adsorbent Activation

on Adsorption at Different Temperatures

Aqueous solutions containing 5 gms., of glucose per 100 ml, solution
were prepared, 25 ml, of each solution were added to four 125 nl, Erlenmeyer
flasks, each of which contained L gms. fuller's earth* (LVM 16-30 Mesh)., The
flasks were immersed in a mechanical shaker constant temperature (220 c)
water bath, and were secaled with rubber stoppers, Another flask containing
25 ml, of the same solution but without fuller's earth was immersed in the
bath in oxder to get a blank reading for purposes of comparison.

After exposure periods of 30, 60 and 120 minutes of shaking, one of
the flasks was removed from the bath, filtered and the filtrate analyzed by
an auvtomatic polarimeter to determine the glucose concentration in the solu-
tion after adsorption, A jacketed polarimeter tube of 2 dm, length was used
to measure the optical rotation of the sugar solution, this value divided
by the rotation of the blank sample gave the amount of glucose directly,

The amount adsorbed was determined by difference., These experiments were
repeated at 6500 and the adsorption data for both temperatures are shown
in table 1,

From the literature (4), it was found that fuller's earth can give
high amount of adsorption if it has been activated by washing and heating
at sultable temperature, therefore other experiments were performed using
fuller's earth (LVM 16-30 Mesh) which was washed and heated for 6 hours at

o
250 C and at 15000, the results are shown in Tables 2 and 3, Adsorption



10

values for fructose were obtained by the same procedure and under the sanme
conditions, Results are shown in Tables 4, 5 and 6. From these experiments
5t was established that activating fuller's earth (LVM 16-30 Mesh) by washing

and by heating at 15000 for 6 hours increased the capacity for adsorption.

* Tt was found later that dosage of U4 gms, fuller's earth gave us the

highest amount of adsorption,



1

(A-2) Adsorption Isotherms Study

In the next series of experiments, the purpose was to determine the
effect of using different amounts of adsorbent on adsorption,

Aqueous solutions containing 5 gms. glucose per 100 ml, of solution
were prepared, 25 ml, of each was placed in 125 ml., Erlenmeyer flasks, each
flask containing a specific amount of activated fuller's earth different
from the other. As before, the flasks were sealed with rubber stoppers and
immersed in a mechanical shaker constant temperaturc water bath with water
up to half of its height in oxder to guarantee that the temperature of the
solution inside cach flask would be the same as that of the bath,

Another flask containing 25 ml, of the same solution but without

fuller's earth was immersed in the bath for purposes of Qomparison. After

3 hours of regular shaking at constant temperature of ZZOC, the flasks

were immediately removed from the bath and filtered., The filtrate was ana-
lyzed by an automatic polarimeter to determine the glucose concentration
after adsorption, and the amount of glucose adsorbed was determined as before,
The procedure was repeated at temperature of 650C. The results are shown

in Table 7.

Adsorption values for fructose were obtained by the same procedure,
The results are shown in Table 8, In order to study the effect of time on
adsorption, series of experiments were carried out using the same method
with different times of contact of 30, 60, 120, and 180 minutes respectively,
and at temperatures of 22°¢C, UOOC and 650C.

The results obtained for glucose and fructose are shown in Tables 9

and 10 respectively.



From the equilibrium data obtained experimentally at different
concentrations and different temperatures, the isotherms for glucose and
fructose were calculated ( see Tables 11 and 12) and applied to the

Langmuir's equation,

12
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7,  Afjust the speced of the reservoir pums and that of the feed pump to deliver
“he required anounts nced per cach haelfl cycle.

&, 47 3ust the temperature of the hot water bath and that of the cold water bath
to the recuired hot and cold temperatures, and connect the two baths to the
column,

9, Two marnctic stirrers has to be used to assurc homogencous mixing inside the
rescrvoirs,

10, 311 the bottom rescrvoir syringe with the amount of feed solution required

to be delivered each halfl a dead volume, f£ill

syrinee with amount of feed solution cqual to the dead volume

~

ES

11, Teed pump to be filled with the same solution,

3

Two runs werc carried out, one for glucose-water system wit

the top reservoir

b
]
ad

feed concentration

of 2.5 ems. glucose 100 m.1l. acueous sclution, the other for fructosc-water systenm
e 3 7. $ f

with Teed concentration of 2,5 grs, fructose / 100 m,1. agueous s

tins conditions for these two runs were the Tollowing
Semi~continuous

b

Pump type

Adsorbent used Activated
o
Yot temperature 333 K

- . o,

Cold temperature 295 K

20 minutes

2 m,1, / ninute (40 m,1.

0.8 m.1, / minute (16 m.

Approximately 4 m,1,

by

woOA

A o

ctivated carbon (100 Filteras s monufactured

—t

it

G

Calron C

olution, The opera-

13

carbon (400 Filterasorbd)

/

1,

o, Pa,
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s thie beginning of the run, the reservolr pumps were switched on and the

timer was activated. The first hall cycle was hot upflow, during which bottonm

~ e (1R}

reservoly syringe pumped the fluid into the bottom of the column and the timer
switched the solenoids to supply hot water at 60 C to the jacket of the column,

Durins this half cyele there is no feed and no preducts were collected, Aﬁ the

end of this 20 minutes half cycle, the tihcr switched the solenoids to supply
- ,)O > 1 Rl 3 L ) 3 o ]
cold water at 22 C to the jacket and the feced pump was switched on to feed the

K
column Trom the top, At the same time the microswitch reversed the action of the

ow during which top and

}..}

reservoir pump. This second half cycle was cold downf

>

bottom products were collected, At the end of every half cyvele, the position of

e

the rescrvolr pistons were recoxded, also at the end of each halfl cold cycle, the
anount of feced delivered was recoxicd, At the end of the cold half cycle, the sccond
cycle was started and this procecdure was repeated for each cycle until the required
nunber of cycles for each run was complcted (10 cycles for glucose-water systen

.anﬁ 12 cycles for fructose-water SVSuCﬂ) Samples for anralysis were taken from

the product straems during cach cold half cycle and immediately analysed by an auto-
natic polarimeter to dctermine the concentration in each product, Calculations

and results for these two runs are shown in Tables 14 and 15 and Graphs 11 and 12,

A third seni-~-continuous rTun was carricd out with feed solution consisted of

~ , Z r e - . e .
2 oms,rlucose + 2 ems,fructose + 96 ams, water, the adsorbent used was activated
earbon (H00 Wilterasorb). The reservoir murd sveed was cob to deliver 1,333 n.l.

per minute and that of the feed pump was scobt to deliver 0,333 m.l,ver minute, Feo

was on durine the half cold cycle only. Time for cach half cycle was 30 minutes,

o o
: > 3 s . 4 PRUR. BRI S K N - o
terperature during hot half cycle was 60 ¢ and that during the cold one was 20 Q.
.
: - \ . . s e ) .
Samnles Drom the »roduct streams were taken durinm the hall cold cveles and

%% Tn semi~-continuous operation feed on durine the cold downflow halit cvele only,
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1 3% e 2 5 : L N - 1
analvese’ bv an aunteonatic polarimeter to dotermine fructeose concentration and by
Frematat malihad 2t g tme that aF slueos
clNCoaTaT TeTneh T0 GeTer ¢ vhat 0L Jilucose,

The Fourth run was continuous with feed delivered to the top of the column
ard »roduct samdles collectod during both hot and cold half cyeles, The operatineg

conditions for this run were as follows :

Tumm type continuous
Adsorbent used Activated carbon (L00 Filterasoxrb)
Hot tempnerature SEBOK (6006)
O o)
Cold Hemperature 263 ¥ (207C
Feed rate 0.333 m,1. / minute
Reservoir displacenent 1,333 m.1. / minute
Fecd concentration 2ens.glucose + 2gnms,Tructose + 9bzms,water
Time of half cycle 30 minutes

The results for these two runs (the thixd and the fourth) are shown in Tables

16 and 17 and Graphs 13 and 14,



Methods of Analysis

w

(1) Polarimeter Method

111 the jacketed vpolarimeter tube with the solution to be measured,

Measure the optical Zotation of the solution by taking the reading of the

polarinmcter,

Calculation,

“u

Ra

I
R = Reading of Polarimeter.
c = Concentration
f = Feecd
u = Unknown

(2) Glucostat Method

Glucostat is a prepared reagent for the quantitative, colorimetric

determination of
presented by the
Glucose +
HZOZ + red
The Glucos

.-

of gslucose in

Standaxd: Add 1
and adjust the Ti
add to it 10 m,1,

aqueous solution, It can be summarizced in the

glucose, It makes use of the coupled enzyme reactions re-
Tollowing schemes

zlucosae H2Co + Gluconic acid

02 + HZO

uced chromogen veroxidase oxidized Chronogen + HoC '

-

tat method is a ceneral method suitable for determination

Tollowing:

m,1, feed solution to 50 m,1l, graduate, AQd distilled water

nal volume to 50 m,1l, Take 1 mn,1. Trom =

=3
»

13

-~

distilled water, this will be our standaxd.

new solution and

17



18-
Reagent: Add 30 m.l; distilled water to 50 m,1. graduate cylinder., Dissolve
the cromogen in distilled water and add to the graduate cylinder, Dissolve the
content of glucostat-s~ in distilled water and add to the graduate., Adjust the
final volume to 50 m,1,
Unknown: Add one m,1, unknown solution to 50 m.l; graduaté cylinder, Add
distilled water and adjust the final volume to 50 m,1. Take 1 m,1, from the

new solution and add to it 10 m,1, distilled water,

Procedure:

To 2 m,1, standard add 2 m,l, reagent, After 10 minutes at the room
temperature , add to the mixture one drop 4M HCL to stop reaction and stabilize
color, Let the mixture stand for five minutes after'stOPPing the reaction, Using
a photometer in the region 400 mu, read the absorbancy of the feed sample (standaxd)
y setting the reagent blank at zero absorbancy. Repeat the same procedure using

the unknown samples,

Calculation:
; CS "—‘Cu
S
A = absorbancy
C = concentration
s = gtandaxd

u = unknown
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DISCUSSION
(4) Adsorption Isotherms and Its Applications

Previous Tesearch (13) indicates that fuller’s earth (RVM 30-60 Mesh) has
ability to adsorb glucose and fructose from their aqueous solutions, Although
many authors have spoken about the capability of fuller's earth for working as
an adsorbent, most of them (14) mentioned its ability to adsorb colours as the
milestone of the subject. The present work, aims to get clear information about
the capability of one kind of fuller's earth (LVM 16-30 Mesh) for adsorbing
glucose and frﬁctose from their binary solutions (water used as the solvent in
both cases) and to determine the effect of different factors such as activation
of adsorbent, amount of adsorbent used, time of equilibrium and temperature on

the adsorption from sugar solutions,

Ekperimentsvhave showﬁ that washing fuller’s earth (LVM 16-30 Mesh) and
then heating it at 15000 for 6 hours increases its capacity for adsorption, As
far as the amount of adsorbent used considered, Graphs 1 and 2 indicated that to
a certain degree the larger the amount used; the higher the rate of adsorption
achieved, However it depends 10 a certain 1imit on the temperature used and the
sugar involves in test, fructose at 6500 showed steady increase in adsorption rate
as amount of adsorbent increased,

One of the disadvantages showed by experiments when using fuller’s earth
(LVM 16-30 Mesh) as an adsorbent for glucose and fructose from their aqueous
solutions was the lenghy time (two and half hours as iﬁdicated by Graphs 3 and 4)
required to establish equilibrium between adsorbent and adsorbate, This probably

would make it unpractical when used in the parametric pumping technique or when

used on industrial scale,
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(R) Scparation Via Paranciric Pu ing
The sults obtained from the four naranetric pumping runs, we have carried

R

out sunport and confirm the parametric pumping theory and proved the feasibility
of separating solute from solvent in binary mixturcs as well as muliti-component

systems by narametric pumpine techniaue.

Phe first two runs (semi-continuous) have been carried out to separate
rlucose from glucose-water nmixture and fructose from fructose-~water mixture,
The results obvtained indicated that the separation increasced without limit as

the number of cycles increased until the resistarce to the nass transfTer inside

the column became important and rate of separation slowed down, This could be

= £, ey o 4 3 NS AP LA S KN Yoy ey - N -
noticed from Grarhs 11 and 12 which ixdicate that the rate o

ok
o
H
IS
5
D
o
[¢)
33
ot
o
e
&1

to slow down after the seventh cycle in case of glucose and af+
case of the fructose run, However the aish separation factors (ton »roduct con-

he same cycle) achieved

. - P

centration devided

were sood enourh ccnnigue,

- T . P - e £ & -y - ~ - + ¥ =y o
moior} values Tor mlucose and fructose were computed by the nothod indicated by
SN . . . ~ 3 - IR - . <
Chen et 21 (&) and better choice Tor the bottom nroeduct Tlow rate ¢ based on

T )

these values was available.

T - 3 ] LR SRR . oy 2 e B
The thix run was carricd out <dq““” sonl-continuous paramoetric punp) with

solution consisted of mixture of ~lucose and fructose and Tboitom product

4

]

2
5,

*

flow rate within the linmit of running slucose and fructose in rooion 1 . The
nunber of cycles was extended to 16 and tine of half cyvele increased to 30 minutes

to enable us establishing clear and difinite information about
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4 £ ) - - . e X 3 3 .
of seraration by commarings the b values obviained fron this run with those

¢

obtainad from the previocus twe nsowlo runs,

L

Sienificant scparation was obtaince® and scparation factors as larre as

(=

20 for fructose and 1 for plucose were achicved, Granh 13 and Table 16 show
that beminning with feed concentration = 2 o, wé were able o reach botton
product concentration as low as 0,027 7 in casc of fructose and 0.2 70 in case

of mlucose with number of cycles only cqual to 18, The top product concentration
glucose, Anyvhow the b values obtained from this run together with those obtained
from the previous runs indicated two very close b values for glucose and fructose

(0,126 For glucose and 0,135 For fructose),

Based on the b vaelues obtained fron the first two runs and assured by the
third run, a fourth run using continuous paramctric pump with botton nroduct flow
rate Fall between these two values to assure the running of glucose and fructose

in two different oncrating regions, was carricd out to scparate then from each

otrher, However due to : 1, The very clese b values they have as a result -of equal

powers of adsorption inmposed on both of then by activated carvon and the difficulty

o choosing propexr botton product flow rate, 2, The increasins Tlow rate of

X A

botton product which might shift the operating rogion for fructose from region 1

to region 2,, the separation factoxr was almost the sane for boih of then, This
indicates the importance of looling for an alsorbent with noticable selective

power of adsorption of these two sinilar comvonents which torcther with this
attractive scparation technigue could lead us to dynamical, practical ard econo-

mical method for separation of glucosc from fructose,
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CONCLUSION

- . ~ . . . .
In adsorption from acuecous solutions, the Iangmuir s couation does not

nold well at hirhor tomperatures, this is because the resulting decreased liguid

viscosity increasces the rate of diffusiviiy of the solute to the surxface of the

.

1

halance the offect of the

hirher teomverature on adsoxrption, In case of adsorpiion of slucose and fructose

- - . - - PO ¢ .
menon Tollows the Freundlish®s cquation more than the ILangmuir s equation,

r

There appears to be no relation between the adsorptive power of different
tyves of Fuller’s earth and their chenical analysis, fuller’s carth (RVi( 30-60 ¥esh)
" ey o b \ . g - ... S Pt A b
showed more adsorption for glucose (13) than fructose, while fuller’s carth (Lvit -

16-30 F¥esh) showed variant results despite the same chemical analysis they have,

\ ~ - i = - 3 e R, P - - I sy N e S
certain temperature incrcases its capacity for adsorption from susar solutions.
by Tyt st [ SV L Voo
(3) Paramctric Pumping Technicue

™ - Jdok L - P LN PN = £l i wm g e - - - 2 o J - P dins
The seraration increased withouwt Linit as the numpery of cycles increascd until

.
RN e e e ‘t“'*ﬂ‘f‘("‘-‘ R T T O oo Immartant and +hp vot = aamayad I an G amee o
e MAaAss TENSL Y TOI1Seance oclane 1mmOiantT alXl Toe Xate 06 SOMATATIONn aocroasoed,
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Activated carbon has been used successfuly as an adsorbent in the parametric
pumping experiments for separation of glucose and fructose from their aqueous
solutions and high separation factors ( 80 in case of fructose and 1t in case of
glucose ) have been achieved, but upon used Ffor separation of glucose from fructose
from their mixture (water used as solvent), the yield of separation for both of
them was approximately the same due to the very close b {dimensionless equilibrium-
parameter) values they have as a result of the equal adsorption rates by which

activated carbon adsorbs them,
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*
DATTON

(4) Adsorption Tsctherms and Its Apnlications

/ i

-

1. A Tine mesh fuller’s carth is advantascous for ranid adsorphtion, dut the
deoree of Tineness for purposes of using in adsorbent column is controlled
by several limitations, we have ©o insurce a free ypassage for the liquid

throush the adsorbent and to prevent bullding up a set back pressure inside

?. Adsorption process should be carried out at the highest convenient temperature
to avoid the contradictory effect of viscosity and temperature at certain

concentrations,

3. Activation of fuller’s earth (LVM 16-30 Fesh) by heatine at certain temperature

increascs its capacity for adsorption,

L, Activated carbon is of sreat capaciity in adsorption of glucose and fructose
from thelr aqueous solutions ,but it adsorbs them approximately to the sane

level,

o~
4

% These Tecommendations are based on the experinmental work we carried out an

ok
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(B) Parametric Pumping Operations

The two b values for the two components to be separated must differ from each
other by noticable amount to insure better choice for the bottom product flow
rate ¢B such that the two components would run in two different operating regions,
this can be checked by carring out the adsorption isotherms experiments before

starting the parametric pumping experiments,

Bottom product flow rate should be less than the critical amount necds to reach

the switching points to avoid any possible shifting in the operating regions,

Time of half cycle should be cnough to establish equilibrium between adsorbent

and adsorbate inside the column,

Air should be completely removed from the entire system of the parametric

- pumping apparatus before starting any run to avoid building up pressure inside

the column and also, because the space air occupied decreases the amount of
fluid passing through the column and hence affect the reservoir displacement

which has great effect on the sepération rate,
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NOTATION

dimensionless parameter,

dimensionless equilibrium parameter.

dead volume / reservoir displacement,

heat of adsorption , gm-cal / gm,mole soluté adsorbed,
adsorption equilibrium parameter defined by equation (5),.
equilibrium constant,

dimensionless equilibrium constant,

Langmuir equation constant.

nunber of cycles of pump operation,

reservoir displacement rate, cm3 / minutes.

cas constant, 1,987 gn-cal / gm.mole,K*,

temperature in x°.

gm-mole of solute adsorbed / gm solid adsorbent,
concentration of solute in the liquid phase, in
gm-mole solute / gm-mole solution,

average value,

Letters:

product volumetric flow rate / reservoir displacement,

{5- = duration of half cycle, minutes,
Y

ot = slope of the line represented by log <~E2 versus n ,
Y%

Subscripts:

F = feed conditions,

BP = Dbottom product,

TP = +top product,
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Table 1: Experiment Result of Glucose Adsorption
Using Nonactivated Fullexr's Earth LVM*

16-30 Mesh

Test No, Temperature Time of Co c D
contact
1 220 30 Minutes 5 gm/100 c.e, 14,9200 0, 0800
2 " 60 " . " L,9200 0.0200
3 " 120 " " b,0113 0,0887
1 650C 30 Minutes 5 gn/100 c.c. @.9956 O.QO&M
2 " 60 " " +,9950 0,0050
3 " 120 " , " 4,9890 0,0110
Co = Initial concentration of Glucose solution gm gluoose/lOO c.c, glucose
solution,
C = Equilibrium concentration of Glucose solution gm glucose/100 c,c,

glucose solution,

D = Amount of Glucose adsorbed in grams/100 c.c, = Co-C
Volume of solution used for every test = 25 c,c,
Amount of adsorbent used for every test = U gms,

¥ Manufactured by Englehard Minerals I1,J.



Table 2: Experimental Results of Glucose Adsorption

Using activated Fullers Earth LVK 16-30 HMesh¥

31

Test No, Temperature Time of Co c D
contact
0
1 22 C 60 Minutes 5em/100 c.c. 4,9535 0.0465
2 " 120 " (1] )4,‘ 9[4,03 4] . 0597

* Fullers Earth LVM 16-30 lMesh has been activated by being washed and then

0
heated at 250 C for 6 hours,

* Volume of solution used for every test = 25 c.c,

Amount of adsorbent used for every test = 4 gms,
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Table 3 : Experimental Results of Glucose Adsorption

Using activated Fullers Earth LVM 16-30 Mesh*

Test No, Temperature Time of Co c D
contact
o
1 22 C 30 Minutes 5 gm/100 c.c L, 8956 0,1044
2 " 60 " " Ly, 890L 0.1096
3 " 120 " " L,8872 0,1128
o)
1 65 C 30 Minutes 5 gm/100 c.c. ,8892 0.1108
2 " 60 " " 4,8652 0,1348
3 " 120 " " L,8912 0,1088

* Fullers' Earth LVM 16-30 Mesh has been activated by being washed and then

heated at 150 ¢ for 6 hours.

* Volume of solution used for every test = 25 c.c,

Amount of adsorbent used for every test = 4 gnms.



Table 4: Experimental Results of Fructose Adsoxrption

Using Non activated Fullers Earth LVM 16-30 Hesh

33

Test No, Temperature Time of Co c D
contact
o
1 22 G 30 Minutes 5 gm/100 c,c.,  4,9320 0,0680
2 " 60 " " 4,9100 0,0900
3 " 120 " " 4,9120 0,0880
(o]
1 65 ¢ 30 Minutes 5 gn/100 c.c.  4,9600 ~ 0,0400
2 " 60 " " L,9540 0,0460
3 " 120 " " L,9280 0,0720

Volume of solution used for every test = 25 c.c,

Amount of adsorbent used for every test = U gms,
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Table 5: Experimental Results of Fructose Adsorption

Using activated Fuller's Barth 16-30 Mesh¥*

Test No., Temperature Time of Co c D
contact
1 22°C 60 Minutes 5 gn/100 c.c. I, 8700 0.1300

2 " 120 " " L, 9410 0.0590

* Fuller's earth LVIY 16-30 Mesh has been activated by being washed and then

o
heated at 250 ¢ for 6 hours.

Volume of solution used for every test

i

25 c.c,

Amout of adsorbent used for every test L gns,



Table 6: Experimental Results of Fructose Adsorption

35

Using activated Fuller's Barth 16-30 Iesh*
Test No. Temperature Time of Co c D
contact
1 22°¢ 30 Minutes 5 gn/100 c.c.  4,9360 0.0640
2 " 60 " " I, 9344 0.0656
3 " 120 " . L, 8672 0,1728
o .
1 65 ¢ 30 Minutes 5 gm/100 c,c, L, 9U60 0.0540
2 " 60 " " L,9228 0.0772
3 " 120 " " 4,9208  0,0792

#* Tuller's earth LVM 16-30 Mesh has been activated by being washed and then

)
heated at 150 C for 6 hours,

Volume of solution used for every test

Amount of adsorbent used for every test

]

25 c,c,

L ems,



(a) Effect of Adsorbent Amount Used for Test
Table 7: IExperimental Results of Glucose Adsorption

Using activated Fuller's Earth (LM 16-30)

. Temperature Co c D

22°¢ 5 gn/100 c,c.  4,9772 0.0228
" " 14,9390 0.0610
" " L, 8747 0,1253
" " v, 9754 0,0246
" " L, o734 0,0266
" " L, o734 0,0266

6500 5 gn/100 c.c. %, 9490 0.0510 2
" " |  4,9208 0,0792 3
" " L,8928 0,1072 b

n " L,9376 0,0624 6
" o Ly, olly7 0.0553 7
" " Ly, 9432 0,0568 8

M = Amount of Fuller's earth used in gms.
Total volume of Glucose solution used for every test = 25 c.c,
Time of contact for everytest = 3 hours

*Adsorbent has been washed and heated at 158 C for 6 hours befor used,



Effect of Adsorbent Amount Used for Test
Table 8: Experimental Results of Fructose Adsorption

Using activated Fuller's Earth (LVM 16-30)

Temperature Co H D M
2200 5 gn/100 c.c. 14,9158 0.0842 2
" " L,8815 0.1185 3
" " b,8712 0,1288 L
" " L8614 0.1386 6
" " L,8488 0,1512 7
" " 4, 8592 0,1408 8
65°c 5 gn/100 coe. 14,9397 0,0603 2
" " 4,9028 0.0972 3

" " L, 8796 0,120k L
" " ly, 855 0.1466 6
" " L,8173 0.1827 7
" " L, 7752 0,2248 8

Total volume of Fructose solution used for every test = 25 c.c,

Time of contact for every test = 3 hours,



(b) Effect of Equilibrium Time

Table 9: Experimental Results of Glucose Adsorption

Using activated Fuller's Earth (LM 16-30)

Test No, Temperature Time of Co c D X
of contact contact

O
1 22 C 30 Minutes 5 gm/100 c,c. 4.8956  0,1044 0,0000363
2 " 60 " " 4,8904  0,1096 0,0000380
3 " 120 " " 4,8872  0,1128 0,0000413
b " 180 " 4,8747  0,1253 0,0000435

(o]
1 Lo ¢ 30 Minutes 5 gm/100 c.c, 4,9600  0,0400 0,0000139
2 " 60 ¢ " 4,0443  0,0557 0,0000193
3 " 120 " " 4,9388 0,0612 0,0000213
L " 180 " 54,9028 0,0972 0,0000338

o
1 65 ¢ 30 Minutes 5 gm/100 c.c. 4,8892  0.1108 0,0000385
2 " 60 " " L,8652  0,1348 0,0000468
3 " 120 " ‘ " 4,8912  0,1088 0,0000378
P " 180 " 54,8928 0,1072 0,0000373

Co = Initial concentration gm/100 c.c.

C = Equilibrium concentration gm/100 c,c,

D = Amount of Glucose adsorbed in gm/100 c,c,
X, = gm mole Glucose adsorbed/gm adsorbent

Volume of solution used for every test = 25 c.c,

Amount of sdsorbent used for every test = 4 gms,



Effect of Equilibrium Time

39

Table 10: Experimental Results of Fructose Adsorption
Test No, Temperature Time of Co c D X
contact
o
1 22 C 30 Minutes 5 gm/100 c,c, 4,9360 0,0640 0,0000222
2 " 60 " " L,934L 0,0656 0.0000226
3 " 120 " " 4,8672 0.1328 o.oooouéi'
b " 180 " " L,8712 0.1288  0,0000447
O
1 Lo ¢ 30 Minutes 5 gm/100 c.c.  4,9320 0,0680  0,0000236
2 " 60 " " 14,9493 0.0507  0,0000176
3 " 120 " " L, 9k59 0,0541 0.0000188
L " 180 " " L,9356 0.06h44  0,0000228
o)
1 65 ¢ 30 Minutes 5 gm/100 c.c.  4,9460 0.0540  0,0000187
2 " 60 " " 4,9228 0.0772  0,0000268
" 120 " " L,9208 0.0792  0,0000275
L " 180 " " L, 8796 0.1204  0,0000418




Table 11: Experimental Results of Glucose Adsorption

40

Temperature Co - c X Y Y/X
2200 2.5 gn/100 c.c, 2,37184 0.0000445 0.002500 56,2
" 5 gm/100 c,c, L, 87472 0,0000435 0,004994 114,8
" 7.5 gn/100 c,c, 7. 34820 0,0000527 0,007620 144,6
" 10 gn/100 c.c, 9.87200 0. 0000445 0.010350 232.6
" 15 gn/100 c.c. 14.63520 0.0001267 0.015725 124,2
o
40 ¢ 2.5 gn/100 c.c, 2.41212 0.0000305 0.002442 80,07
" 5 gn/100 c.c, 1+, 90280 0.0000338 0.005030 148,8
" 7.5 gmn/100 c.c. 7.34232 0,0000548 0,007190 131.3
" 10 gm/100 c.c. 9,88520 0.0000398 0.010380 260,00
" 15 gm/100 c.c 14,96372 0,0000128 0.016180 1260.7
o]
65 C 2.5 gn/100 c.c, 2,30320 0,0000683 0.002333 34.1
" 5 gm/100 c,c, ., 89280 0.0000373 0.005020 134.6
" 7.5 gm/100 c.c. 7.22400 0,0000958 0,007573 79,1
n 10 gn/100 c.c. 9. 57040 '~ 0,0001490 0.010046 67.1
" 15 gm/100 c.c, 14,61400 0.0001338 0.015820 112,00
Co = gm Glucose/100 c,c. before the test,
C = gm Glucose/100 c,c. after the test,
X = gm mole Glucose adsorbed/gm adsorbent
Y = gm mole Glucose remaining/gm mole solution,



Table 12: Experimental Results of Fructose Adsorption.,

Temperature Co C X Y Y/X
o

22 ¢ 2,5 en/100 c.c, 2.4482 0.0000180  0,002478  137.8
" 5 gm/100 c.c. 4,8712 0,0000448  0,005000 111.6
" 7.5 gn/100 c,c. 7.3728 0,0000441  0,007650 173.5
" 10 gn/100 c.c, 9.8072 0.0000670  0,010310  153.9
" 15 gn/100 c.c. 14,5252 0.0001645  0,015750 95,7

40 G 2.5 gm/100 c.c, 2,45288  0,0000163 0,002490 152,7
" 5 gm/100 c.c. 4,93560 0.0000223  0,004992  224,1
" 7.5 gn/100 c.c, 742240 0,0000269  0,007776  288,4
" 10 em/100 c.c. 9,88920 0,0000385  0,010375  269.5
" 15 gm/100 c.c, 14,9770k 0,000008  0,016250 2206
o]

65 G 2.5 gn/100 c.c. 2.44320 0.0000198  0,002476 125,00
" 5 gn/100 c,c. 4,87960  0,0000418  0,005001 119.6
" 7.5 gn/100 c.c, 7.26880  0,0000805 0,007620 94,7
" 10 gn/100 c.c, 9.73400  0,0000923 0,010220 110,6
" 15 gn/100 c,c, 14,60080  0,0001388  0,015850  114,2




Table 13: Calculation of Langmuir's Adsorption Isotherm Constants,

(a) Constants for Glucose Isotherms,

Temperature N 1/¥K X
(o]
Lo~ ¢ 0, 00004441 25 905,6
22° ¢ 0.0000441 5 1528
(b) Constants for Fructose Isotherms,
Temperature N 1/NK K
40° @ 0,00006 132 126.2
o
22" ¢ 0, 00006 - 50 333




Table (14)  Parametric Pumping Experiment Observations 43

Pump type Semi continuous Top feed
System . Glucose + Water
Q%§ : Approx, 40 c,c,
< 20 Minutes
w
o
Ty, 3337k
o
TC 295K

Adsorbent Activated Carbon

Jyele No,  Position of Position of Bottom Top Feed EIE. YBP
Top Reservoir Bot, Reservoir  Product  Product  amount Yp Yo

1-UP L3 L —— - —~—— mmemme cmeee
1 ~-DOWN Ly 38 -— 12.3 14 0,720 e
2-UP b2 L — —— ——— mmeem e
2-DOYN 3 L2 2 13.5 16 0.858 0,510
3-UP 4o 5 -—- - e
3-DOWN 6 38 1.8 14 16 0,888 0.325
L-UP Lo 3 — —— ——— e e
L -DOWN 5 40 1.9 14 16 0.961 0,274
5-UP 38 6 -—- — S
5-DOWN L 39 2 14 15 1,010 0,206
6~UP Ly 3 —— - ——— e e
6-DOUN L 38 2 b 16 1,061 0,167
7-UP 37 6 - -— ——— em——— e
7-DOWN ly 438 2.1 1l 16 1,095 0,151




Table (14) ( continued )

44

8-UP 36 Vi —— —— T e

8-DOWN 5 36 2 14 16 1,040 0,132

9-UP : 35 7 —— — — emmme meeee

9-DOWN 5 37 2 1h 16 ‘ 1,090 0.123

10-UP 32 8 — _— — emmee e

10-DOWN 6 35 2 14 15,8 1,092 0.118
YTP =  Concentration of Top product in

em/100 c,c, solution ,
YBP =  Concentration of Bottom product in
| gm/100 c.c. solution ,
YF =  Concentration of Feed in
gn/100 c,c, solution

=2,5%

¥ Concentrations of feed and products have been determined by using

Polarimeter methods,
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Table (15) Parametric Pumping Experiment Observation
Pump type Semi-continuous Top feed
System Fructose + Water
Q 7’(5 Approximately 40 c.c,
I 20 Minutes
w
o
T, 333 K
0
T, 295K
AMsorbent Activated carbon
Cycle No, Position of Position of Bottom Top Feed Y Y’I‘P
Top Reservoir Bot, Reservoir  Product Product Amount E o
Yg YF
1-UP h2 6 - — — — —_
1-DOWN 5 L2 - 12 11 - 0.180
2-UP Lo 5 _ - . . .
2-DOWN Iy 4o 2 14 16 0.620 0,198
3-UP 38 6 ____ . _ . .
3-DOWN 3 ) 1.8 14 16 0. 500 0.332
L-yp 38 b M_ — — — —
L-DOWN 3 38 1.9 13.6 16 0.400 0,405
5-UP 39 Ly . . . _ .
5-DOWN 2 Lo 1,9 13 15 0.323 0,510
6-UP 36 by . L . . .
6-DOWN 3 38 1.9 14 16 0,253 0.675
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Table (Continued)  (15)

7-UP 36 L . . . _ .
7-DOWN 3 38 2 1L 16 0,214 0.813
8-UP 35 b . — — — —
8-DOUN 2.5 37 1.9 13 16 0,177 0,910
9-UP 37 b _ _ — — -
9-DOWN 2.5 36 1.9 14 16 0,146 1,010
1.0-UP 35 6 — — — _— —
10-DOWN 2 39 2 1L 16 0,136 1,070
11-UP 37 5 . . — — —
11-DOWN 3 38 1.9 1L 16 0,131 1.110
12-UP 3k 6 - — — _ —
12-DOWN 3 38 1.8 14 15.9 0.123 1,095




Table (16)

Parametric Pumping Experiment Observations

Pump Type

Systen

Feed Concentration

Adsorbent Used

Semi-continuous Top Feed

Glucose + Fructose + Water

Approximately 40 c,c,

30 Minutes
333°K

o
293 K

2 gms, Glucose + 2 gms, Fructose

+ 96 gms, Water

Activated Carbon

47

Cycle Yo, Position of Position of Top Botton Feed
Top Resexrvoir Bot., Reservoir Product Product Amount
1 Up g Iy — —_— -—
1 DOWE 5 Ll 7 1.8 10
2 UP s 5 - — —
2 DOWN Ly Ly 8 2 10
3 UP 45 5 _— — —
3 DOWN 5 L5 8 2.1 10
L Up g 5 —— — ——
v DOWN 5 L5 8 1.9 10
5 UP Ls 5 -—- -—- -—-
5 DOWN Iy 46 7.5 1.9 10




Table (16) continued,

48

6 up Iy 5 —— — ——

6 DOWN I s 7 1.9 10

7 UP Iy 5 ——- — —

7 DOWN L Lsg 7.6 1.9 10

8 UP uly 5 — — _—
8 DOUN L L5 5.5 2 9

9 up Ly 5 ——— — —
9 DOWN L L5 7.6 2 10

10 UP s 5 — — _—
10 DOWN 5 Ls Vi 1.8 10
11 UP 6 5 —_— _— ——
11 DOWN 5 L6 8 1.9 10
12 UP L6 5 —— —— —
12 DOWH 5 L6 8.1 1.9 10
13 UP L6 5 —— — —_—
13 DOWN 5 Ls 6 2 9

il UP L 5 _— — —
14 DOWNH 5 g 8 2 10
15 UP s 5 _— _— —
15 DOWN 5 s 6 1.9 9

16 UP L5 5 —- ——— —
16 DOWN 5 g 8 1.9 10



Table (16) Continued,

49

Glucose Fructose
Cycle Ho, fﬁf‘ »EEE_ Cycle No, fff_ “p
Yi In Tp Ip
1 0,7200 0.2820 1 0.5980 0.1500
2 0, 5400 0.3810 2 0,5211 0,1530
3 0.4291 0. 5601 3 0,4320 0, 3800
L 0,73260 0,6622 L 0,3203 0,601
5 0,2582 0.7140 5 0,2700 0.5822
6 0,1982 0.9301 6 0,2771 0,6420
7 0,1750 1,0201 7 0,150k 0,8051
8 0,1587 1,1120 8 0,1240 0.8920
9 0.1331 1,1600 9 0,0905 0,9382
10 0,1360 1.2720 10 0,072l 1,0581
11 0,1334 1,3501 11 0.0320 1,0850
12 0.1301 1,3610 12 0,0556 1,0790
13 0.1270 1.3330 13 0,0251 1,1301
14 0,1261 1, 3800 14 0.0250 1,1021
15 0,1182 1.3800 15 0,0261 1,1500
16 0.1111 1,3801 16 0,0139 1,1101




Table (17)

Parametric Pumping Experiment Observations

Pump Type
System

r
VG

Vi
w
Ty

TC

Feed Concentration

Adsorbent Used

Continuous Top Feed
Glucose + Fructose + Water
Approximately 4O c.c,

30 Minutes

333°K

293°K

2¢gms,Glucose + 2gms,Fructose
+ Z2gms,Water

Activated Carbon

Cycle No, Position of Position of Top Bottom Fee
Top Reservoir Bot, Reservoir Product Product Amour
1 UP ls 5 3¢5 3.8 9
1 DOWN .5 ué L 2,7 o
2 UP Ls 5 5.5 L,6 8
2 DOWN 5 Lo 5.2 L7 1C
3 UP L0 5 5.2 b6 10
3 DOWN 5 4o 3.5 3.5
L yp 1o 5 5.3 L,3 10
Ly DOWN 5 L0 5 .5 10
5 UP bi,5 b,5 5.5 b3 10
5 DOWN 5 L1 1C

5.4 h,5




Table (17) Continued, 51
6 UP e 5 5.5 b5 10
6 DOWN 5 L1 5.3 L,6 10
7 UP b2 b5 5.2 v 10
7 DOWN 5 1 5,1 L,8 10
8 UP L1 5 5.5 L,6 10
8 DOWN 5 40 5 h,7 10
9 UP Lo, 5 L,5 5 L,6 9.5
9 DOWN ‘5 Lo L L,6 10
10 UP 4o 5 5 b,9 10
10 DOWN " 50 b, s b5 10
11 UP Lo L L7 4,7 9.5
11 DOWN h,s 1o L,2 L,5 10
12 UP 40,5 b,s 5.5 L,6 10
12 DOWN 4,5 L0, 5 L,8 L,5 9.5
13 UP 1o h,s 5.3 L,6 9.5
13 DOWN I 39 5 b,5 10
14 UP 39 b 5.3 b7 9

14 DOWN 3.5 39 5 L,6 10




Table (17) Continued,

52

Glucose Fructose
Cycle No, *f?f_ *fzi Cycle No, _f?i ifz
Yy Y Yo pén

1 0.7360 0,1690 1. 0,7410 0.1038
2 0,4540 0.4182 2 0. 5890 0. L4671
3 0.3251 0.5590 3 0,3675 0.5152
L 0,2522 0,7600 L 0,3093 0.6690
5 0,1812 0.9220 5 0.2033 0, 8200
6 0.1285 1.1251 6 0,168 0,9371
7 0.1132 1.1621 7 0,1497 1,0620
8 0,0875 1,2720 8 0,1145 1.1450
9 0,0845 1,4000 9 0,1064 1.2021
10 0,0861 1.4922 10 0,0877 1,2110
11 0.0755 1,L565 11 0,0877 1.,2662
12 0,0831 1,5020 12 0,0835 1,2815
13 0,0861 1,6020 13 0.,1102 1,3400
1 0,08k5 1,5830 1Ly 0,0746 1.3401
B2 = Bottom product of cold half cycle .,

T2

i

Top product of cold half cycle .,
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GRAPH (8) ADSORPTION ISOTHERMS OF GLUCOSE
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n=NUMBER OF CYCLES

GRAPH (11)
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n= NUMBER OF CYCLES

GRAPH (13)
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GRAPH (14)
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APPENDIX (A)

THEORY
(A) Adsorption Isotherms for Aqueous solution

The ability of certain solids preferentially to concentrate specific
substances from solutions onto their surfaces is called adsorption,

Adsorption has for some time been recognized in the chemical industries
as an effective process for a wide range of solute-solvent separation,

There are two types of adsorption, (a) Physical adsorption which is
reversible phenomena and it is a result of intermolecular forces of attraction
" between molecules of solid and substance adsorbed, (b) Chemisorption which is
a result of chemical interaction between the solid and substance adsorbed,

The amount adsorbed in an adsorption process is a function of many
factors, some of which are interrelated. Some of these are: (a) The number of
adsorbable molecules (i.e, the concentration in the solution), (b) The number
of layers of adsorbed molecules, (c)‘The total area-of the solid surface,

(d) The time required to reach the equilibrium between the solute and the
adsorbent, (e) The temperature under which the process is carried out; (f) The
viscosity of the solution,

One of the oldest attempted explanations of adsorption is that known

as the exponential equation by Freundlich and can be expressed as

1
X = xc"
X = +the amount adsorbed per the amount of adsorbent used,
C = The equilibrium concentration of solute.

n and K are constants,
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Magnus OS)_proposed a theory of unimolecular adsorption on the assumption
that the forces of interaction between the surface of adsorbent and solute were
electrostatic in nature. De Boer proposed the polarization theory,

Langmuir §6) produced the first theoretical treatment of an isothermal
adsorption equilibrium, According to Langmuir, the rate of adsorption u is
proportional to: (a) The number of molecules that strike 1 cm? of surface
per second, (b) To the fraction fl of that number that remain on the surface
long enough for an exchange of kinetic energy to take place, (c¢) To the fraction
of the 1 cm? of surface not already occupied by adsorbed molecules,

This can be expressed in the form,

u = (PN/27 MRT) £, (1-60) (1)
M = molecular weight of adsorbate gm/mole,
P = equilibrium pressure,
© = fraction of the adsorbent surface covered with adsorbate,

N = Avogadro's number (6,02 X 1023)

On the other hand the rate of adsorption v is proportional to the
fraction of the surface occupied by adsorbate and to the fraction of the
total number of adsorbed molecules that have enough energy to leave the
attractive forces of the surface which are expressed as a uniform adsorption

energy of U cal/mole,

Hence,
-U/RT :
v = ke (2)
at equilibrium u = v, i,e, from equation (1) and (2) we obtain
6
Po= KgZs)

k = ( _;f.;l ) (2 = MR‘I‘/N)e-U/RT
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\ -U/RT
k- = Ae

A 1is constant for any given temperature,
fl = fraction of molecules striking a surface that remain long enough -
to change their kinetic energy.

The concept underlying the use of 6 which has defined before implies

that when 8 = 1, the whole surface of the solid is covered with a monomolecular
£ilm, , ‘
Let 6 = % where V 1is the amount of gas adsorbed at an equilibrium
n .

_pressure P and_Vm is the amount adsorbed at surface saturation,

\']
Then P = k( 77— ) (4)

m

v = PV

P+ k

i.e
¢ Gy _ PVmK .
VoS v (5)
= 1
Where K = I -

For solid-liquid adsorption equation (5) is written as

s NfYKY - (6)

in which the experimentally measured quantities are X and Y, and K and

N are constants that can be evaluated if the experimental data are capable of
being described by the previous equation, |

The goal of this part of the present work is to examine fuller's earth

(rv1 16-30 Mesh) and to determine its capacity for adsorping Glucose and

Fructose from their binary mixtures, solvent in both cases is water.
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APPENDIX (A)
Adsorption Isotherms and its Applications,

Previous work (3) indicated that fuller's earth (RVM 30-60 Mesh) adsorbed
glucose more than fructose, but when used as an adsorbent in tge parametric pump
experiments to separate glucose from fructose it brokedown after 6 cycles (36 hours)
'and created a high back pressure inside the column, From this the need to look
for another kind of fuller’s earth which can stand up under the parametric pumping
operation was obvious. Fuller’s earth (LVM 16-30 Mesh) was exa;ined_to determine
its capacity for glucose and fructose adsorption and to examine its ability to
ﬁithstand the tendency to breakdown in the parametric pumping operation, The results
obtained for the adsorption process using fuller’s earth (LVM 16-30 Mesh) asxpur-
chased and after special treatment were compared, It was found (as Tables 1, 2 and
3 for glucose and 4, 5 and 6 for fructose indicated) that activating this kind of
fuller’s earth by washing and then heating for 6 hours at 150°C increased its
capacity for adsorption, A series of experiments weré made to determine the equi-

librium time and the concentration of adsorbent necessary to reach equilibrium,

Aqueous solutions of 5 grams glucose / 100 c.c, solution were placed in
Erlenmeyer flasks and different amounts of activated fuller’s earth were added,
The flasks were sealed and immersed in a mechanical shaker constant temperature
water bath, After 3 hours of constant shaking (the time needed to reach equilibrium)
y the slurries were centrifuged and then filtered and the amounts of glucose
adsorbed were determined by comparing the concentration of the solution before
and after adsorption, An automatic polarimeter was used to determine the concen-

trations in each case, The same procedure was carried out for fructose, It was
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found (as shown in Table 7 and Graph 1) that 4 grams of fuller’s earth for a
25 m,1, solution containing 1.25 grams of glucose gave the highest amount of
adsorption, For comparison, the same dosage was used for the subsequent series
of fructose experiments despite the fact (shown in Table 8 and Graph 2) that

higher amounts of adsorbent would increase the amounts of fructose adsorbed,

Series of experiments were carried out to establish the time needed to
reach equilibrium between the adsorbent and adsorbate, hence determining thé time
needed for the half cycle period in the parametric pumping runs for separating
glucose and fructose from their binary solutions, Tables 9 and 10 and Graphs 3
and 4 indicated that two and half hours would be adequate, On this basis 3 hours
was selected as the time period and used for the rest of the experiments , Those
remaining experiments were carried oﬁt using the previously described procedure
to obtain equilibrium data at concentrations of 2.5, 5 7.5, 10 and 15 % and at
temperatures of ZZOC, QOOC and65oc. From these experiments the X-Y data were cal-
culated (Tables 11 and 12), From Graphs 5 and 6 it was clear that data at 65°C
did not fit the Langmuir’s isotherms because of the 6pposing effects of high
temperatures and resulting lower viscosities on the adsorption process, Therefore

0 o) :
only the data at 22 C and 40 C were applied to the Langmuir equation:-

Yy 1 Y
...=..b+_
X ¥ X
Y
Values of -~ were plotted against Y in Graphs 7 and 9, The best straicht
X ‘ 1
lines were drawn through the points, and their slope ( - ) was calculated, Values
N 1
of K were determined at both temperatures from the intercept - which was the

RK
same procedure used by previous investigator(lj)amd repeated here for the reader
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convenience, Table 13 shows the different values of N and X, From the values of
K and N at 22°C and &OOC, calculated isotherms were plotted (Graphs 8 and 10),

Experimental data appear to be close to the calculated data,

Recent research at Newark College of Engineering under the supervision of
Dr, H.T.Chen, indicated that the capacity of activated carbon for aﬂsoiption of
glucose and fructose from their aqueous solutions is greater than that of
fullers’earth (LVI 16-30 Mesh), Also the equilibrium time is lesser, Based on the
values of the equilibrium parameter b obtained from the activated carbon isotherms,
the parametric pumping experiments were carried out for the two pseudo glucose-
waﬁer system and fructose-water system separately, and then for the ternary system

glucose + fructose + water,

How to calculate the equilibrium parameter b ?
The average slopes of adsorption isotherms ( M& ) at the cold temperature Tq
and the hot temperature Th were determined and applied to the following equation

for calculating (m;) .
_S5st1- e

5 e (tip)
The values of (mp) at the mean temperature was determined by interpolation and
set equal to ( my ) .
Parameter a = my - mTh

Dimensionless equilibrium parameter b was determined from the relation :-

* The two b values for glucose and fructose were computed separately,

* % = Fluid density f; = S50l1id density € = 50lid porosity
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APPENDIX (B)

Parametric Pumping Experiments

A parametric pumping system (Fig. 1) consists of a jacketed glass column
of 1 em, internal diameter and 90 cms, height ., Two infusion-withdrawal pumps, -
each with two syringes, each syringe can contain a volume of 50 ml, were used
as reservoir and feed pumps. A magnetic stirrer was pléced in each of the
reservoir pump syringes to assure homogenéous mixing. The action of the reservoir
pump was automatically reversed at the end of each half cycle by means of micro-
switch stops wired to the pump circuit, The sources of hot and cold water for
the jacket supply were constant temperature water baths with programed cycle
timer which cycle the Jacket temperature by means of two solenoid wvalves attached
to the baths, Product streams were taken off by means of two micrometer capillary

valves, Rotometers were used in the feed and product lines,

Prior to each run, the column was packed with activated carbon (400 Filter-
asorb, manufactured-by The Calgon Co, Pa,) and the entire systenm including the
column, the bottom reservoir and the feed syringes were filled with feed mixture

at ambient temperature, The reservoir syringes were adjusted to deliver about

40 c.c, per each half cycle with a dead volume of -approximately 4 c.c, in each syringe.

At the beginning of a run, the reservoir pump was switched on and the timer

was activated, Hot water at 60°C was circulated through the jacket., At the end

of this 20 minutes hot up flow half cycle, the reservoir pump reversed its direction,

the feed pump switched on and the jacket was switched to cold water bath of 22°¢,

During this twinty minutes cold down flow half cycle, samples for purpose of
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analyses were taken from the product streams and analysed by an automatic
polarimeter to determine concentration, The concentrations of the top and bottom

products were compared with that of the feed and the ratios of the two concentra-

oY Y
P
tions were put in the form == and BF .
YF Yp
Yrp gp
Graphs of log =—— and log -—  versus number of cycles n were plotted.
Y. Y.
F F

Dimensionless concentrations greater than one are top product concentrations, while

Ypp
those less than one are bottom product concentrations, The slope (<) of log -——
Y

I
versus n was determined and the computed b value was obtained from the relation” :- *

L oC
(1-10) + C, (1-10)

b= = = (see reference 8)
(1410) - ¢, (1-10)

L
The ratio for —1- was calculated from the relation :-
. LZ
L (1 + 1)
L, (1 -%) (1+ ¢B)

L .
- Tor the glucose-water system and for the fructose-water system were found to
L
b% more than one, this indicated that the operating region in the first and the

second runs was region 1 (see Fig 2), Experessions for region { can be obtained

from the equations derived by Chen et al (6),
rp T3P
The concentration transients — and ~—— were computed from these
Y. Y
F F

experessions and plotted versus n , The computed results were compared with the
experimental and are shown in Graphs 11 and 12,
Based on these results a third run for the mixture (glucose + fructose +

water) was carried out to separate fructose and glucose, The ¢B chosed was
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2b
less than == for both components to assure their removal from the bottom

1 -0
product stream, This third run was followed by fourth one , that one was contin-
uous ( feed on during both hot and cold half cycles) and products were collected

during both half cycles and analysed, Results and calculations for these four

runs are shown in Tables 14, 15, 16 and 17 and Graphs 11, 12, 13, and 14 ,
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