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The Rever s e Osmosis (RO) process nnd its fo od ir,d.u8try 

Because most of t he work published 

in the li t eraturc on the concentration of f rui i; jvih!:~ L,y RO wa::: 

empirical , it wns decided t o sel ect one f r uit juice (apple juice) 

and study the retention of certain comJionents (nume ly sugur s and 

aci ds) whc·n that juice was concentrn Led by RO . 

A method wus developed for the an&lysis of sugars and 

non-volat-ile organic acids in ap1Jl 8 jLti ce . In thi s me thod , 

acids wert· pr c-cipi t a t cd as t heir l e:ud salts from fruit ethanoli c 

extra cts , and t he sugars i n the r ema.i.ning supernatant and washinUJ 

were pa r t:i.cir.a tcu into aqueow; m1; th1 ,nol. 'l'hese preparations with 

ii. 

internal ::; ta.ndards were then dried :rnd converted to their 

trimethyl::: ilyl de1·ivat ives for anaJ y f-;i.:1 by ,~as- l iqui d chromatogr a phy. 

The me th(!)d provi<.kd n rupid and :::;j in1,.Lo procedure for tl1u concurren L 

separa tion , i dentification and qwint:i.tativo s naly:::,.·i s of suear s and 

non- volatile ac i ds in appl e j uice . 

A pilot- plant sca l e Abcor '['M5- 1tl- RO rr.oclule was used in 

this stud.y so that the r esults obtui ncd could be appli ed. to 

indus trial processing . Preliminary CXT,'2l'iments we re conducted 

with dilu te sul t solu Lion~~ to en,;u rt' tha t the membrane performed 

satis f actorily, and to monitor any chhngcs in the operating 

characteristics of the membrane ns the experimental work progre:::::ied. 

These data provide the common means fo r comparing different RO 

sys terns . The results obtained es i,;_wlished that the membrane 

performed satisfactorily, and that the membrane characteristics 

(Permeat e flux and% Rej ection) r es ponded a s expec t ed to changes 

in the operating parameters of pressur e , temper atur e, f low rate, 

concentration and operating t i me . The membrane characteristics 

did not alter s i gnificantly over the time during which the 

experiments reported her e were carried out . 



A cv.rr cn t t heory ( the Kimura- Sourirajan analysis) ,vru:, 

used in an a ttempt t o p ·edie; t the membrane performance of the 

i i i . 

RO modu:tc i·:hen t he system sodium chl oride- water was used as t est 

solution. Tlie Kimura- Sourirajan analys is had previ ously led t o 

t he development of a s e t of basic t r ans port equations which, 

together with t he correlations of the RO experimental data , 

enabled t he predic tion of membrane performance from a minimum 

of experimental dat::i. . The application of this analysis to 

the RO sys tem under study did not es t abl i sh nny s i gnificant 

correlations between the solute transport par ameter (D AM/K~), 

and f eed c oncentra tion and operating pr essure ; nei ther were the 

average UJa ss- trans f er coeffici ent vulues (k) significantly 

correl ated wi th f eed fl ow rate . Experimen tal results obtained 

suggested a more corr.plex rela tionship between these parame t ers , 

and the narrow r ange of f eed flow ra tes under which the RO 

system was abl e to be operated rwan l. that tho Kimura- Sourirajan 

ana lysis could not be used t o meanini fully predi ct t he performance 

of the membrane . 

A further a t t empt wa n ma de to prt~d.ic t membrane performance 

from a knowledge of t he 'l'af t number.~ of the sugurs ancl aci ds 

pr esent in t he juice. Expe rimen t s carr i ed out on model solutions 

of sugurs and acids prHsent a s sinc l e components or as complex 

mixtures confirmed the Taft number us li cr j t erion f or predic ting 

the organic r ej ection of the RO membrane . It was a l so 

establis hed that molecul ar weight wa s indjcative of solute 

rejection, higher molecular wei ghts gave higher r e j ection by 

the membrane. Results ol, t:t i ned furthe r confirmed the fact that 

the mechanism of solute r ejections by RO cellulose acetate 

membranes involved both prefe r entia l absorpt i on a nd capillary f low 

of solutes through the membranes . 

Finally, actual apple juice was concentr a t ed by RO and 

the results obtained on permeate flux and solute rejection 

confirmed those found previously wi t h model solutions of sugars 

and acids. I t was es t a blished that apple juice (initial 

concentration 11 °Brix) could be concentrated to 35°Brix at 7C 



and 99 atm pr essur e withou t any nir;nificant los~, of suea r s and 

or gan i c nei.ds . Expe r iments wer e also carr ied out to as:Jcss 

the advantage of opr:rat::.r:g :., t a high0r t emper a t ur e ( 20 C) , 

s i nce a ny i ncrease i n f l ux would b 0 des i r::tb l (:: f r om a comnwrcial 

point of vt.ew. The end- to- end flux or the TM5- 14 modul e wa s 

found to te 16 . '1- 1/1/hr a t 20 C c ompared to 11. 7 1/n/lir at 7 C 

when sint;~.e s treng th appl e Juice was concc-:ntr<l t ed to ~;5° •,r·i. x 

under maximum pressur e ( 99 a tm) , an incrc1a:~(i in flux of ;W%. 

1'h<" r i l ot pLmt data thus obt&i.n0d for t he RO modul e 

we r e .:.i.ppl:i.cd to a study of the reasj !Jili t y of us i ng no us a 

pre- conc en tration s t ei, prior t o ,1 v1.Lporation. 

compriain:: of 296 modules (mE-mbrane are,, :-508 

An HO plan t 

m2) with a permeat e 
'> 

f lux of 20. 7 1/m' hr was f ound Lo be: J"c[,si.bl e for concent:rc1ting 

t he juic1 · f r om 11°Br i x to 20°Brix i n 7 . 5 hours . 

'l'hc economy of :;uch ;, proc-G:;s 1-.aG a l so assessed , und 

compa r ed wi th that obtained by us:i.n1~ ,t t ri pl e 0 f' f cct AT'V plate 

eva po1·a l OJ' • 

i v . 

A comparison of the concen t 1~tion costs ($ /to1me of wate r 

r emov e d) of t J,e t wo sys toms r e:vc; ,l..:d that HO w.::tG mor e t ha n t wic.;,.J as 

expen sive than evapor c.tion ($1 22 comparecl t o $51) fo l'.' 900 ope r ationAl 

h ours pr- r ycn.r , tlius cun1·irn1ing r c:.iul b-: l' .rom t he r,ubli . .;hed literatur e , 

which also sue-t~estcd th1d. t h e cu~, L of IW was compe Li tive with pla to 

evapora t ion when oper a t ed year r our,cl ( 6 , 300 hour s/ y ear) . The 

r esults f ound in this s tudy i ndicated that t he annua l oper ating 

cos t s f or RO ( $142 , 200) we r e a lmos t t wi ce as hi gh a s the e quivalent 

for plate eva poration ( $71 , 500) . An we ll , the capita l inves t ment 

for RO was s ubs t an tially h i gher than that f or the equiva l ent pl ate 

evaporator ($700 , 000 compar ed t o $282 , 300), t hus makine RO very 

unattractive for s hort seasonal operation. 

Thus i t i s c oncluded that t he us e of RO a s a preconcentrat i on 

t echnique in apple juice processi ng will nev er be r ealised unle ss 

capital c os t s are r educed cons i derably a nd operating hours are 



incr0ascd substnnt i.alJy. On the basis of this study, it i s not 

financially economical for thl Apple and Pear Board in Hastings 

to consider RO for the p:rcconcentration of apple juice when the 

capacity of their present cvapontor is no longer adequate o 

v. 
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