
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

The Development and Applications of Preparative-Scale Continuous
Chromatography
P. E. Barkera; G. Ganetsosa

a Department of Chemical Engineering, Aston University, Birmingham, United Kingdom

To cite this Article Barker, P. E. and Ganetsos, G.(1987) 'The Development and Applications of Preparative-Scale
Continuous Chromatography', Separation Science and Technology, 22: 8, 2011 — 2035
To link to this Article: DOI: 10.1080/01496398708057625
URL: http://dx.doi.org/10.1080/01496398708057625

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496398708057625
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 22(8-lo), pp. 201 1-2035, 1987 

The Development and Applications of Preparative-Scale 
Continuous Chromatography 

P. E. BARKER and G. GANETSOS 
DEPARTMENT OF CHEMICAL ENGINEERING 
ASTON UNIVERSITY 
BIRMINGHAM. UNITED KINGDOM 

Abstract 

The scaling up  of continuous chromatography to production scale is con- 
sidered. The various continuous countercurrent and crosscurrent chromato- 
graphic techniques have been reviewed and judged according to their merits. The 
latest developments on a preparative/production scale semicontinuous chroma- 
tographic refiner (SCCR), consisting of 12 columns each of 5.4 cm i.d. X 75 cm 
long and packed with calcium charged resin, are reported. When the production 
of high fructrose corn syrup was carried out using industrial barley syrup, product 
throughputs of 32.3 kg sugar solids/m3 resin/h were obtained, the fructose-rich 
product purity was over 90% with a concentration of 12.96% w/v, and glucose-rich 
product contained only 6.69% fructose and had a concentration of 25.4% w/v. The 
computer simulation of the SCCRs operation is reported, and a good fit with 
experimental data was obtained. 

INTRODUCTION 

Chromatography can be defined as the unit operation where the 
separation of solutes occurs due to their differential migration rates 
through a system of two phases, the mobile and the stationary phase. 
Chromatography has gained extensive recognition and applications as a 
powerful analytical tool. Over the last 20 years or so, its separating 
capabilities have been appreciated by industry, and a number of 
alternative production scale processes have been developed and have 
found applications in the sugar, petrochemical, and essential oil 
industries. 
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201 2 BARKER AND GANETSOS 

Although the chromatographic processes are low energy intensive, 
offer practically no heat generation, and possess very high separation 
efficiency, they have not yet made the great industrial impact that might 
be expeckd from these benefits. This is attributed to the conservatism of 
the chemical and biochemical industries to employ new, novel tech- 
niques. 

It is believed that most of the major industrial establishments are now 
involved or show an increased interest in chromatographic develop- 
ments, and it is now only a matter of time before we will see many more 
large-scale applications of chromatography. This belief has arisen from 
the great secrecy associated with the development of this separation 
process. 

Production-scale chromatography already enjoys important applica- 
tions in the desugarization of molasses, the production of high fructose 
corn syrups (HFCS), and other applications described later. Barker and 
co-workers, among others, have been involved with the scaling-up and 
development of various batch and continuous chromatographic con- 
figurations over the last 25 years (2-5). A brief review of the various 
chromatographic systems and some of their applications are now given 
with special emphasis on the development of the semicontinuous 
chromatographic refiner (SCCR) systems which are believed to offer a 
promising scaling-up potential. 

CONTINUOUS CHROMATOGRAPHY 

The large-scale development of chromatographic processes was biased 
toward the batch mode during the 1960s and 70s, although recently a 
number of alternative continuous systems have been introduced. The 
term “continuous” refers to any configuration which employs the 
continuous introduction of the feed stream to be separated and differs in 
design from the traditional batch column. 

A comparison of the solute concentration profiles obtained from a 
binary mixture being separated by (a) a batch process and (b) a 
countercurrent continuous process is shown in Fig. 1. 

The continuous chromatographic systems fully utilize the available 
mass transfer area, offer constant product quality, and usually do not 
require any product recycling, thus resulting in higher throughputs for a 
given quantity of packing. They fall into two broad categories, the 
crosscurrent and countercurrent flow processes, defined according to the 
relative movements of the mobile and “stationary” phases. 

Some of the continuous configurations judged to offer scaling-up 
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(a )  Batch  Chromatography 

2013 

I n j e c t i o n  

(b) Cont inuous  C o u n t e r c u r r e n t  Chromatography 

S t a t i o n a r y  phase  movement 

Component A Component B ----- 
E l u e n t  

Flow’ 

P roduc t  A Cont inuous 
f e e d  (A+B) 

P roduc t  B 

FIG. 1.  Solute concentration profiles of a binary mixture (A and B). 
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2014 BARKER AND GANETSOS 

potential are reviewed below, and their relative merits and shortcomings 
are commented upon. 

Crosscurrent Continuous Chromatography 

In crosscurrent systems the mobile phase moves almost perpendicu- 
larly to the direction of the “stationary” phase. This configuration was 
first suggested by Martin (6) who proposed the use of a packed annulus 
rotating past a fixed inlet point. The mobile phase is introduced 
continuously at the top of the annulus and leaves at the bottom. The 
components travel in helical paths around the annulus at different angles 
according to their relative affinities for the “stationary” phase and are 
eluted at different points from the bottom of the packing, with the 
strongly retarded components traveling along a longer helical path. 
Theoretically, this arrangement can provide continuous separation of a 
multicomponent mixture. A number of small systems have been 
constructed (7,8), but further development is needed to bring this type of 
processing to the tonnage scale. 

Continuous Countercurrent Chromatography 

A number of countercurrent processes have been developed and can be 
classified according to the principle they employ to obtain the counter- 
current movement of the two phases. 

Moving Bed Systems 

In moving bed systems, the packing flows under gravity countercurrent 
to a stream of mobile phase flowing upward in a column. When the feed 
mixture is introduced into the center of the column, the least strongly 
absorbed component is carried upward and exits from the top, and the 
retarded component is carried-with the packing and is stripped at the 
bottom column outlet. Moving bed systems (9 ,ZO)  were the results of the 
first attempts in the 1950s and 1960s to achieve a continuous counter- 
current movement but they have been found to suffer from the following 
disadvantages: 

Difficulties in achieving packing flow control 
Low mass transfer efficiencies due to uneven column packing 
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PREPARATIVE-SCALE CONTINUOUS CHROMATOGRAPHY 2015 

Packing attrition due to the increased shear forces, and packing 

Relatively low mobile phase velocities to prevent fluidization of the 
entrainment in the stationary phase recycling system 

chromatographic bed 

Moving Column Systems 

To overcome the above problems, various alternative schemes have 
been proposed which employ a circular array of parallel columns 
interconnected to each other. The system rotates past fixed inlet and 
outlet ports. A number of such systems have been developed and there 
has been considerable success in the analytical field ( I ,  2 , I I ) .  Scaling-up, 
however, is difficult because as with the annular cross-flow systems there 
are difficulties in achieving a reliable seal between the static ports and the 
moving columns. 

Moving Feed Point Systems 

This technique is an intermediate development between conventional 
batch and simulated countercurrent systems. Wankat and Oritz (12) used 
such a process to separate dextran 2000 from cobalt chloride in water. 
The system consisted of a series of fixed columns. The mobile phase was 
pumped continuously through the inlet in the top column and the feed 
was introduced as a long pulse. The first feed pulse was introduced into 
the first column, then after a predetermined time period into the second 
column, and so on. The switching period was chosen so that the average 
velocity of the feed ports advancement was between the migration 
velocities of the least and the most strongly adsorbed components. This 
technique has been found to be more efficient than the batch processes, 
but less than the simulated countercurrent systems, since it utilizes only 
part of the available packing at any time. 

Simulated Moving Bed Systems 

These systems offer the greatest scaling-up potential since they make 
better use of the available mass transfer area, and are therefore capable of 
achieving better separation efficiencies and throughputs. Also, they are 
free of the mechanical difficulties associated with the moving bed, 
moving column, and crosscurrent systems. They consist of a number of 
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static interlinked columns or compartments, and the countercurrent 
movement is effectively achieved by sequentially moving the inlet and 
outlet ports in the direction of the mobile phase. 

There are two main approaches. The Sorbex technique, Universal Oil 
Products, USA (13, 14), and the Semi-Continuous-Chromatographic- 
Refiners (SCCR), Department of Chemical Engineering, Aston Univer- 
sity, UK (5, 15). 

In a typical Sorbex process the stationary phase is packed into a 
number of compartments in a static vertical column. Each compartment 
is connected to a specially designed rotary valve operating on the 
principle of a multiport stopcock. This technique has been applied for 
over 15 years in hydrocarbon separations. Because of its design, extra 
care must be taken to overcome the problems associated with packing 
compressibility. It requires a very precise design of the main rotary valve 
and does not offer the flexibility of repacking part of the system. 

Experience gained during the employment of some of the above 
chromatographic techniques, the unreliability of large flat face moving 
seals, and the awareness of the limitations associated with the various 
alternative techniques mentioned above led Barker and co-workers to 
develop an alternative technique to simulate the countercurrent move- 
ment of the two phases. They developed the “moving port” multicolumn 
semicontinuous chromatographic refiners (SCCR’s) whereby all moving 
parts were eliminated by using valves of proven commercial reliability. 
The systems have been scaled up to total lengths of over 7.5 m and 
column diameters of 10.8 cm (16). 

SOME INDUSTRIAL CHROMATOGRAPHIC SEPARATION 
PROCESSES 

The Finnish Sugar Engineering Company, Finland, has achieved 
much in terms of large-scale batch chromatographic separations in the 
carbohydrate field. Seven columns of 3.6 m diameter X 12 m high have 
been used for the desugarization of molasses at a throughput of 60,000 
ton/year (17). Elf-Aquainte, France (18), markets six preparative gas 
chromatographs using 10 mm to 500 mm diameter batch columns. It also 
markets liquid batch chromatographs of up to 30 cm diameter which are 
used in the pharmaceutical, fine chemicals, fragrance and flavors, and 
biotechnology industries. 

Universal Oil Products (UOP) has developed simulated moving bed 
processes and over 40 plants are believed to operate worldwide using the 
Sorbex principle, with a total capacity of over 3.5 X lo6 tondyear. 
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Other companies such as Abcor Inc and Illinois Water Treatment Co. 
(USA) have also contributed to the scaling up of chromatographic 
processes, although Abcor is understood to be no longer active in this 
field. 

Crosscurrent chromatography has been employed to a great extent on 
the analytical scale, and several workers (8) have built small scale units. 
The Oak Ridge National Chemical Division, Tennessee, USA (7), has 
had the most notable success in applying this principle to the separation 
of metal ions in solution. Barker and co-workers atAston, in cooperation 
with British Sugar plc, have constructed a 30 cm diameter X 1.5 m high 
annular chromatograph for carbohydrate separations. 

PRINCIPLE OF OPERATION OF THE SCCR SYSTEM 

A schematic representation of the operating principle is shown in Fig. 2 
where the whole system is illustrated as a closed loop. The mixture to be 
separated is fed continuously at Port F, and the mobile phase (usually 
deionized water) flows continuously through Port M. The less strongly 
adsorbed Component B moves preferentially with the mobile phase 
toward the product offtake P1. A section of the loop is isolated at any time 
by the two Valves V1 and V2, and an independent purge fluid stream 
(usually deionized water) enters at Port PU, strips the adsorbed Com- 
ponent A, and exits from Port P2. Figure 2(a) shows the component 
distribution within the system soon after “start up.” In Fig. 2(b) all the 
port functions have been advanced by one position in the direction of the 
mobile phase flow. This port advancement results in a simulated 
movement of the stationary phase countercurrent to the direction of the 
mobile phase, To achieve separation and hence two enriched products, 
the rate of port advancement must be greater than the migration velocity 
of Component A through the bed and lower than the migration velocity 
of B (see Fig. 2c). The frequency with which this port advancement occurs 
represents the “switch time.” The countercurrent mode of operation is 
shown in Fig. 3. 

The SCCR7 system used for the work reported in this paper consisted 
of twelve 5.4 cm id. X 75 cm long stainless steel columns connected at the 
top and bottom to form a closed loop (19). Six pneumatic poppet valves 
were associated with each column, the feed, eluent, and purge inlet valves, 
the top product valves, and the transfer valve to the next column. Figure 
3(a) represents the first switch period where Column 1 is isolated and 
purged to give the product rich in A. Feed and eluent enter Columns 7 
and 2, respectively, and the product rich in B is eluted from Column 12. 
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Direction of port 
rotation and mobile 
phase movement 

F 

FIG. 2. Principle of operation of the SCCR system. M = mobile phase inlet; PU = purge 
inlet; F = feed inlet; PI = glucose-rich product; P2 = fructose-rich product; V1, V2 = 

transfer valves; (*) fructose; (0) glucose. 
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(a) SWITCH ONE 

Purge  E l u e n t  

I 

Feed 

(b) SWITCH TWO 

I 

FRP 

Feed 

FIG. 3. Sequential operation of the SCCR7 system. FRP = fructose-rich product; GRP = 
glucose-rich product. 
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In the next switch period (Fig. 3b) all ports are advanced by one position 
and so on. After twelve such advancements a “cycle” is completed. After 
approximately six cycles the concentration profiles in the system become 
reproducible and a “pseudo-equilibrium’’ state is reached. Typically in 
the example given the columns were packed with a crosslinked poly- 
styrene resin in the Ca2+ form. The fructose forms a chemical complex 
with the CaZ+ ions and is preferentially retarded. 

A THEORETICAL APPROACH TO THE SCCR PRINCIPLE 

An idealized model can be constructed relating mobile and stationary 
phase flow rates and component separation. A material balance on the 
less retarded component, Component B, about the feed point (Fig. 4) 
gives 

L 2 f B  = LeYB +pxB 

For a B molecule to move preferentially with the mobile phase: 

> p x B  

Rearranging, 

L J P  x B I Y B  

and since by definition the distribution coefficient of B is 

KdB = X B I Y B  

Substituting Eq. (4) into Eq. (3):  

L,/P > KdB 

Similarly, for Component A to move with the stationary phase, 

L J P  < KdA 

The theoretical limits of mobile and stationary phase to give separation 
of the two components are obtained by combining Eqs. (5) and (6), i.e., 
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movement \ \  

FEED 

L2 

Direction of mobile 
phase movement 

Le= 4 - vo/s 

Effective mobile 
phase rate 

Effective mobile 
phase rate Direction of 

stationary phase 

PRE-FEED 
SECTION 

SECTION 

Glucose 

product 
Fructose Purge rich 
rich 
product 

FIG. 4. Diagrammatic representation of the semicontinuous principle of operation. 

As each column contains the eluent phase in the void volume, V,, the 
effective mobile phase flow rate is reduced to 

Because of the feed flow rate L,, the effective mobile phase rate in the 
postfeed section L: becomes 

L: = L, + L ,  = L ,  + L* - (V, /s)  (9) 

Therefore Eq. (7) becomes 
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and this equation now gives the true theoretical limits for a separation to 
be obtained provided the chromatographic column is of sufficient length. 

The purging flow rate L, in the isolated column is also governed by 

A detailed theoretical approach for designing a SCCR system from the 
minimum of experimental data has been reported (20). 

PREPARATIVE SCALE SEPARATIONS USING THE SCCR SYSTEM 

The separation of carbohydrate mixtures and the production of high 
fructose corn syrups (HFCS) in particular is one of the major fields where 
chromatography has been applied. Although the first SCCR system was 
operating in the gas-liquid mode (24, the subsequent development of the 
SCCR systems were carried out in the liquid-liquid form using various 
carbohydrate multicomponent feedstocks. Size exclusion and ion-ex- 
change principles have been employed in the development of the SCCR 
system. England and Vlachogiannis (22) used such an SCCR system 
consisting of 10 columns each of 5.4 cm id.  X 70 cm long and operating 
with the size exclusion principle for polymer fractionation. The con- 
tinuous fractionation of the macromolecular dextran was carried out. 

In more recent work the ion-exchange principle was used where the 
columns were packed with crosslinked polystyrene resin in the calcium 
form. The fructose present in the feedstock forms a loose chemical 
complex with the Ca2+ ions and is retarded while the other carbohydrates 
travel with the mobile phase. 

An alternative approach is to operate in the anion-exchange principle 
where strongly basic resins in the bisulfite form are used and the complex 
is now formed between the glucose and the anions. Glucose is the 
retarded component and fructose the component traveling with the 
mobile phase. Abusabah (23) employed this approach on a twelve 
column, 5.4 cm i.d. X 75 cm long SCCR system to separate glucose- 
fructose mixtures. The SCCR anion exchangers are capable of giving 
high fructose products of concentrations higher than the corresponding 
cationic SCCR's. Anion-exchange resins, however, are less stable, and in 
multicomponent carbohydrate separation the maximum obtainable 
fructose purity is lower because fructose is not eluted last from such a 
chromatographic system. 
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A number of feedstocks have been used ranging from synthetic 
equimolar glucose-fructose to industrial multicomponent mixtures. 
When a synthetic glucose-fructose feed was used at 18.6% w/v feed 
concentration (run: 18.6-9-30-30-20), both product purities were 99.9%. 

In the latest work an industrial glucose isomerose syrup was used 
consisting of 52% glucose, 42% fructose, and 6% maltose and oligosac- 
charides. The objectives were to produce a 90% fructose-rich product and 
a glucose-rich product containing no more than 7% fructose at a feed 
throughput of at least 30 kg sugar solids/m3 resin/h with products having 
total sugar solid concentrations of over 20% w/v. Because of the low 
fructose content of the feed and its multicomponent nature, the separa- 
tion difficulty was increased. The results of some key experimental runs 
are summarized in Tables 1 and 2. Each run is defined with a set of five 
figures; for example, the set 54-13-39-24.5-60 corresponds to feed con- 
centration (% w/v), feed flow rate (cm3/min), eluent flow rate (cm’/min), 
switch time (min), and operating temperature (“C), respectively. The 
following results refer mainly to the work carried out on the twelve 75 
cm X 5.4 cm diameter column SCCR7 system unless it is stated other- 
wise. Calcium charged crosslinked polystyrene resins were used. 

An examination of the criterion of separation (Relationship 10 and 
Eqs. 8 and 9) reveals that the switch time is one of the main operating 
parameters. As it is shown from Figs. 5,6, and 7 (Runs 37-13-40-21-60,36- 
13-40-23-60, and 37-13-40-25-60) and the corresponding results in Table 2, 
the switch time was found to be the controlling parameter, and its 
selection must be very accurate to obtain the specified separation (24). In 
fact, the equipment’s performance was found to be sensitive to switch 
time variations as low as 10 s (Runs 45.7-13-39-24-60,45.7-13-39-24.33-60, 
and 46-13-39-24.17-60). 

The production throughput and hence the equipment’s utilization 
increases by increasing the feed concentration. This, however, has a 
detrimental effect on the separation efficiency since the sugar concentra- 
tion increases and leads eventually to an equipment overload. The drop 
in separation efficiency is a direct result of the increasing background 
sugar concentration on the distribution coefficients which has been 
described in Refs. 19 and 25. As the feed concentration was increased 
(Runs 36-13-40-23-60, 46-1 3-39-24.17-60, and 66-14.6-40-25-60), the prod- 
uct purities were kept within specification by increasing appropriately the 
corresponding switch times. These feed concentration increases, however, 
resulted in an increasing deterioration of the product purities, i.e., as the 
concentration increased from 18.6 to 66% w/v the FRP purity decreased 
from 99.9 to 90.1% and the GRP fructose content increased from 0.1 to 
6.9%. By comparing the ratio of switch time to feed concentration it is 
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(A) maltose and oligosaccharides. Cycle 7. 

R G .  5. On-column concentration profile for Run 37-13-40-21-60. (0) Fructose; (0) glucose; 
(A) maltose and oligosaccharides. Cycle 7. 
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FIG. 7. On-column concentration profile for Run 37-1 3-40-25-60. (0) Fructose; (0) glucose; 
(A) maltose and oligosaccharides. Cycle 7. 

apparent that at 45% w/v a “critical” feed concentration is reached, after 
which the operation is carried out at overloaded conditions. 

In most of the experiments the eluent to feed ratio was maintained at 3 
to 1, except for Run 66-14.6-40-25-60 where it was reduced to 2.74 to 1. By 
reducing this eluent to feed ratio and also the purge flow rate, the product 
concentrations increase but at the expense of the separation efficiency. 
The minimum recommended eluent to feed ratio is 2.75 to 1 and purge to 
eluent ratio 1.5 to 1. 

By increasing the feed concentration and flow rate the product 
concentrations will be increased but at the expense of product purities. 
When an effluent of a Dextran plant (Fisons Pharmaceuticals plc, 
Cheshire, UK), containing over 68% fructose, was used on a 10 column 
(10.8 cm i.d. X 75 cm long) SCCR system, the maximum throughput 
obtained was 39.5 kg solids/m3 resin/h (26). 

Operating the SCCR7 at the conditions of Run 66-14.6-40-25-60, a 
throughput of 0.578 kg/h of sugar solids or 32. I kg sugar solids/m3 resin/h 
was achieved; the bulk GRP contained 6.4% fructose and had a 
concentration of 11.6% w/v, and the FRP was over 90% and had a 
concentration of 5.84% w/v. An analysis of the GRP and FRP elution 
products over a switch has shown that most of the glucose in the GRP is 
eluted approximately over the second half of the switch and the fructose 
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contaminant over the first half. During the elution of the FRP, however, 
the fructose is eluted over the first half of the switch and the glucose 
present toward the end of the switch. Therefore, by splitting the FRP and 
GRP elutions into two and collecting the two splits separately, the 
product concentrations will be increased and the purities of the 
concentrated fractions will also be improved. When this technique was 
applied on Run 66-14.6-40-25-60, the FRP purity increased to 94.8% and 
the concentration of the concentrated FRP split to 1 1.29% w/v, where over 
95.7% of the fructose entering the system was recovered (Tables 1, 3, and 
4). The concentration of the concentrated GRP was increased to 22.65% 
w/v, over 94.2% of the glucose entering the system was recovered, while 
the fructose content was less than 4.5%. 

In the above experiment the dilute and contaminanted GRP and FRP 
splits were discarded. To minimize the eluent requirements, however, and 
recover all the sugar solids entering the system, these splits could be 
recycled as eluent and purge water. This approach was followed in Run 
66.3-14.6-40-26.5-60 (Tables, 1, 5, and 6) and the FRP concentration 
increased to almost 13% w/v and the GRP to 25.4% w/v. Over 84% of the 
glucose in the feed was recovered in the GRP and its fructose content was 
6.69%. The FRP fructose recovery was 87.8% and the product was over 
90% pure. An examination of the results shows that the selection of the 
right splitting periods is critical and also that the product purities were 
affected due to the mixing together of the dilute GRP and FRP splits. It is 
therefore recommended to use only the dilute FRP fraction for purging 
and the dilute GRP fraction for diluting the industrial feedstock to the 
required concentration levels. The FRP product Concentration could be 
increased further if the fructose concentration in the eluent entry column 
is kept artificially high. It is therefore proposed that only the very 
concentrated FRP fraction is retained and the rest is recycled in the purge 
and eluent streams. This will reduce the fructose recovery per pass but it 
should increase the product concentration to the specified level. An 
economic evaluation should determine the exact lengths of the collection 
and recycling periods. 

COMPUTER SIMULATION OF THE SEMICONTINUOUS 
OPERATION OF THE SCCR7 

The equilibrium stage or plate model was employed in the computer 
simulation. The system’s length is considered to consist of a number of 
theoretical plates, each containing a volume of mobile phase and a 
volume of stationary phase. The mobile phase leaving each plate is 
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TABLE 5 
GRP Results after Recycling the Dilute Fraction, Run 66.3-14.6-40-26.5-60. Collection 

Period from 18.25 to 5 min 

Impurities 
Glucose Percent of glucose 
Purity in feed Total product 
(%) recovered concentrated (% w/v) F M + 0s 
86.22 84.1 25.4 6.69 7.19 

considered to be at equilibrium with the stationary phase in the plate. 
Therefore, considering a mobile phase flow rate, L, passing through a 
plate n having an initial solute concentration of C,, the conditions around 
the plate n may be represented by 

Plate n 

A mass balance over the plate n for the solute gives 

LC,- ,  = LC, + v, dC" ~ + v, 1 dP 
dt dt  

TABLE 6 

Period from 0 to 13.25 min 
FRP Results after Recycling the Dilute Fraction Run 66.3-14.6-40-26.5-60. Collection 

Impurities 
Fructose Percent of fructose ("/.I 
Purity in feed Total product 
(%) recovered concentrated PO w/v) G M + 0s 
90.2 87.8 12.96 8.87 0.93 
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2032 BARKER AND GANETSOS 

Equilibrium on the plate is represented by the distribution coefficient Kd, 
where by definition 

K d  = p , / C ,  (13) 

Hence: 

This equation can be integrated provided Ar is sufficiently small to allow 
en-, to be considered constant to give 

C , = C n - l [ l - e x p (  V1 + V2Kd ) ]+C:exp(  Vl + V2Kd ) (15) 

For multicomponent feedstocks, similar concentration profile equa- 
tions can be derived for each component by assuming no interaction 
between the components. When this equation is applied for the postfeed 
section, it is modified to account for the component feed concentration C, 
and feed flow rate F, hence the term Cn-l is replaced by the ratio 

LC,- ,  + FC, 
L + F  

The model predicts the solute concentration in the mobile phase 
leaving each theoretical plate over a small time increment At, and the 
calculations are repeated over the total number of increments. When this 
predetermined total number of increments, which is equal to the switch 
period, has been reached, the sequencing countercurrent action is 
simulated by stepping the concentration calculations by one column. 
When this approach has been carried out over the total predetermined 
number of cycles, the concentrations of the various components in each 
column are calculated and printed. A plot of these concentrations 
corresponds to the purging concentration profile. 

The model is particularly flexible and can be applied easily to any 
SCCR system of any configuration. The effects of background concentra- 
tion, liquid flow rates, and temperature on the distribution coefficients 
have also been incorporated in the program. Figure 8 shows a typical 
concentration profile (i.e., Run 54-1 3-39-24.5-60). The solid lines represent 
the experimentally obtained results while the broken lines represent the 
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FIG. 8. Concentration profiles for Run 54-13-39-24.5-60. (0) Fructose; (0) glucose; (A) 
maltose and oligosaccharides; (-) experimental profiles; (- -) simulated profiles. 

BED ILENGTH CH XI02 

results obtained from the simulation program. The accuracy of the 
computer program is illustrated by the good agreement obtained. 

CONCLUSIONS 

The experimental results have shown that the semicontinuous chroma- 
tographic refiners can be used effectively as separators to give products 
meeting the strictest of industrial specifications. When used in the 
separation of industrial barley syrups as throughputs of 32.3 kg sugar 
solids/m3 resin/h, FRP purities of over 90% were obtained at 12.96% w/v 
product concentrations. The GRP contained less than 6.69% fructose and 
had a concentration of 25.4% w/v. 

It is believed that all the main chromatographic separators mentioned 
here, including the batch, will be used increasingly in industry in the 
future not only for carbohydrate and biotechnological applications but as 
an alternative to other more traditional energy-intensive separation 
processes. 
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SYMBOLS 

C 
C0 
c/ 
F 

Ji’ 
GRP 
HFCS 
Kdi 
L 
L,  
L2 
L3 
Le 
P 
P 

SCCR 
VO 
vt 
v2 

S 

xi 
Yi 

solute concentration in the mobile phase (g/cm3) 
initial concentration of solute in the plate (g/cm3) 
feed concentration (dcm’) 
fructose rich product 
component i concentration in feed (g/cm3) 
glucose rich product 
high fructose corn syrup 
distribution coefficient of component i 
mobile phase flow rate (cm’lmin) 
eluent flow rate (cm3/min) 
feed flow rate (cm’/min) 
purge flow rate (cm3/min) 
mobile phase flow rate (cm3/min) 
stationary phase effective flow rate (cm3/min) 
solute concentration in the stationary phase (g/cm3) 
switch time (min) 
semicontinuous chromatographic refiner 
void volume (cm3) 
mobile phase plate volume (cm’) 
stationary phase plate volume (cm’) 
component i concentration in the mobile phase (dcm’) 
component i concentration in the stationary phase (g/cm3) 
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