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ABSTRACT

The Reverse Osmosis (RO) process and its food industry

applications were reviewed. Because most of the work published
in the literature on the concentration of fruit juices Ly RO was

empirical, it was decided to select one fruit juice (apple juice)
and study the retention of certain components (namely sugars and

acids) when that juice was concentraled by RO.

A method was developed for the analysis of sugars and
non-volatile organic acids in apple juice. In this method,
acids were precipitated as their lead salts from fruit ethanolic
extracts, and the sugars in the remaining supernatant and washings
were partficipated into aqueous methenol. These preparations with
internal standards were then dried :nd converted to their
trimethylsilyl derivatives for anulysisn by sus-liquid chromatography.
The method provided a rapid and simple procedure for the concurrent
separation, identification and quantitative snalysis of sugars and

non-volatile acids in apple juice,

A pilot-plant scale Abcor THS=14 RO module was used in
this study so that the results obtained coﬁld be applied to
industrial processing, Preliminary cxperiments were conducted
with dilute salt solutions to ensure that the membrane performed
satisfactorily, and to monitor any changes in the operating
characteristics of the membrane as the experimental work progrecsed.
These data provide the common means {or comparing different RO
gystems. The results obtained eslanlished that the membrane
performed satisfactorily, and that the membrane characteristics
(Permeate flux and % Rejection) responded as expected to changes
in the operating parameters of pressure, temperature, flow rate,
concentration and operating time. The membrane characteristics
did not alter significantly over the time during which the

experiments reported here were carried out.
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A current theory (the Kimura-Sourirajan analysis) was
used in an attempt to predict the membrane performance of the
RO modulc when the system sodium chloride-water was used as test

solution. The Kimura-Sourirajan analysis had previously led to
the development of @ sct of basic transport equations which,
together with the correlations of the RO experimental data,
enabled the prediction of membrane performance from a minimum

of experimental data. The application of this analysis to

the RO system under study did not establish any significant
correlations between the solute transport parameter (DhM/Ks)’
and feed concentration and operating pressure; neither were the
average mass-—transfer coefficient values (k) significantly
correlated with feed flow rate. Experimental results obtained
suggested a more complex relationship between these parameters,
and the narrow range of feed flow rates under which the RO
system was able to be operated weant that the Kimura-Sourirajan
analysis could not be used to meaningfully predict the performance

of the membrane.

A further attempt was made to predict membrane performance
from a knowledge of the Taft numbers of the sugars and acids
present in the juice. Experiments carried out on model solutions
of sugarg and acids present as single components or as complex
mixtures confirmed the Taft number as & criterion for predicting
the organic rejecction of the RO membrane. It was also
established that molecular weight was indicative of solute
rejection, higher molecular weights gave higher rejection by
the membrane. Results oltrined further confirmed the fact that
the mechanism of solute rejections by RO cellulose acetate
membranes involved both preferential absorption and capillary flow

of solutes through the membranes.

Finally, actual apple juice was concentrated by RO and
the results obtained on permeate flux and solute rejection
confirmed those found previously with model solutions of sugars
and acids. It was established that apple juice (initial

concentration 11°Brix) could be concentrated to 35°Brix at 7C
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and 99 atm precsure without any significant loss of sugars and
organic acids, Experiments were also carried out to assess
the advantage of operating st a higher temperature (20 C),
since any increase in flux would be desirable from a commercial
point of view. The end-to-end flux of the TM5-14 module was
found to te 16.4 1/m2hr at 20 C compared to 11.7 .'!fmpi:r' at 7 C
when single strength apple juice was concentrated to 35 firix

under maximum pressure (99 atm), an inerease in flux of 40%.

The pilot plunt data thus obtained for the RO module
were applied to a study of ihe feasibility of using RO as a
pre-=concentration step prior to c¢vaporation.  An IO plant
comprisiry: of 296 modules (membrane arca 308 mg) with a permeate
flux of 20.7 l/m”hr was found Lo be feasible for concentrating

the juicc {from 11°Brix to 20°Brix in 7.5 hours.

The economy of such & process was also assessed, and
compared with that obtained by using o triple effect APV plate

evaporalor.

A comparison of the concentration costs ($ /tonne of water
removed) of' the two systems revealoed that RO was more than twico as
expensive than evaporation ($122 compared to $51) for 900 operational
hours per year, thus confirming results Crom the published literature,
which also suggested that the cust of RO was competitive with plate
evaporation wnen operated year round (6,%00 houru/year). The
results found in this study indicated that the annual operating
costs for RO ($142,200) were almost twice as high as the equivalent
for plate evaporation ($71,500). As well, the capital investment
for RO was substantially higher than that for the equivalent plate
evaporator ($700,000 ccmpared to $282,300), thus making RO very

unattractive for short seasonal operation.

Thus it is concluded that the use of RO as a preconcentration
technique in apple juice processing will never be realised unless

capital costs are reduced considerably and operating hours are
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increased substantially. On the basis of this study, it is not
financially economical for the Apple and Pear Board in Hastings
to consider RO for the preconcentration of apple juice when the

capacity of their present evaporator is ro longer adequates
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