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1.0 INTRODUCTION

Durlng the pressing of apples for the productlon of apple Julce
con51derable quantltles of sugar and other soluble solidg are lost as waste
1n the pomace. One prqcedure to recover at least avportlon‘of these
sdluble solids is to second press the‘pomace.- Water is added to the
pomace and soluble solids are recovered in the second press juice. This
second press Juice has several posslble uses, for example, as a base
material for ffuit drinks. |

One of the problems with the second press juice is its low
concentratlon. The Julce obtalned in thls manner is about 6% soluble
SOlldS compared with about 12% soluble SOllds found in first press apple '
Julce.i |
‘ The use'of reverse osmosis provides one p0531ble means for
concentratlon of the & second press juice up to the 31ngle strength
concentration level of first run Julce.' |

In th;s report, the use of reverse osmosis for cqﬁé&ﬁiration
of dilute juice is‘studied. | | | | |
2. O REVIEW OF LITERATURE

Flow. through seml—permeable membranes due to osmotic pressure
differences forns the basis of osmosis. If a hydrostatic load is applied to
the high,osmotic pressure side of:the membrane, solvent can be‘induced-
to flow from a region of high osmotic pressure to a region of lower pres-
sure. This phenomena is the basis of reverse osmosis. The first synthetic
membranes were made_in 1867 by Traube, however, the major adusnces have
been made since'1960 when Loeb and Sourirajan.perfecﬁed a technique for
prepéring a very thin dense membrane on a porous substrate, thereby obtaining

high permeation rates.
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" " Research .on reverse osmosis and commercialization ot ‘thé, brocess
‘has been ,'carried .out in several areas. Among these are desallnlzatlon,
purification of brackish water and pollution comtrol (Lacey, 1972). |
Application has been found 4n the pulp and paper industry and in .:foodg'
rprocessing '-Ameng~the~food:processes are maple sap concentratiOn,ril
:(W1111ts, 1967 -and Almnn, 1969) whey proce331ng (HortOn, 1972), egg whlte
‘Merson, 1968; ‘Matsuura, 1973)

Pollutlon .control requlrements have glven 1mpetus to reverse

,osm051s studles, as it is well suited to many waste water treatment and
5pollutant recovery systems.

3 »o MAT‘EBIAIS EQUIPMENT AND METHODS

~;3nl Reverse osm051s apparatus

| The reverse osmosis unit used’ln thls study was an Osmo 3319—53
'manufactured by Osmonlcs Inc.(a). The membranes in th;s‘yn;t gre Qf @he
spiral »:taype with -approximately 33 ££.° (3.06 0°) of membranesurface The
,membranes usedeinefhis stﬁ&y were of the cellulose acetate‘type. High
;reJectlon membranes Wthh reJect about 97% sodlum cloride were used. The‘-

-hlgh regectlon mefibranes have a molecular welght cut—off for organlcs of 200,

( )Osmonlcs Inc., 2641 Loulslana Ave. South, Mlnneapolls, Mlnnesota 55h26 U Se A.



3i2-‘Pumps _

h The Osmo 3319—SS is equipped w1th a built in 3/4 HP centrlfugal
pump capable of. dellverlng 170 psi above line pressure To supplement th1s
pump and extend the pressure range up to lOOO psi a MantlnFGaulln (b), 3
cyllnder homogenlzer pump was utilized. At all times the output pressure

of th1s pump was restr1cted to 850 ps1 to prevent over pressurlng the reverse
osmos1s module.

3.3 Second Press Apple Julce _ . _ .

:p Second press apple Julce was shipped from Sun—Rype Products Ltd.,(c)
1n h5 gal polyethylene lined drums. The Juice contained 250 ppm added SO

to prevent fermentatlon during shlpment. |

: ~ The julce used had a 6% soluble SOllds content, and a pH of 3 5
_3 h Test Procedures :

| Second press Julce was reclrculated through the reverse osmosls

system untll the concentratlon was ralsed from the 1n1t1al 6% soluble

3011d8 up to the desired 12% c0ncentratlon. When the 12% level was reached,
concentrate removal was started at a rate to match the pernmate flow and
_'feed input was started at a rate to balance the over-all quantlty of liquid
~in the system and malntaln the c0ncentrate 1evel at 12% soluble sollds.
During the operation samples were taken at 1ntervals for refracto-
| meter readlngs; and volumes of feed, concentrate removal and permeate were
recorded. Pressures of operation and product temperatures'were also recordedr'

Samples of the 1nput product c0ncentrate and permeate were |

analysed for free SO, content followlng the procedure of Ruck (1).

(b).
Gaulin Corp., hh Garden St., Everett Mass. 021A9, U. S.A.
(e)gun- Rype Products. Itd., 1165 Ethel St., Kelowna, B.G. |



- 4.0, HESULTS AND DISCUSSION.

L.1 Test Results.

Trials: on thef-i‘e.cio.\rery' of- a‘éc,ond-' press- juice consisted of -
st,art,lng the equipment on the 6% soluble solids juice and reéycling__
until the co‘ﬁCeﬁtrate reached the: desired. 127 sol_ubie. solids. For
steady state: operation at the concentrate level of 12%, feed material
at. 6% was added: and concéntrate: femove_d- at a rate to balance the per-.
me_a-t.e” removal. |

» 7 Table 1

Summary 6f‘ trial results; for steady state o’peratioﬁ

Run %‘me) ' Pé‘_rmeate~' ) Permeation  Rate e Pfess;);r'e‘ (().oncent—.;. Energy
No.. . (min). Collected (1 o . 2 psi) - (% soluble watt hr/

SEE 13.1 T .38 . 90 13 341
130. - 1375 bl 1,24 . 850 12 378
180 - 21.05 7.0 ¢ 136 900 12.8 316

® 2 o W

129 10.85 5.05 . 0.98 550 12 1480

9 136 33.75 1.6 3.2 550 12 ] 155
| | 146
n 6L 2,0 23.6 b7 625 1 . 13

Y

10 167 | . 45.0 o 16.7 3.2l - 600




: i | |

A very marked 1mprovement is observed between runs 5 -8 and 9 -
ll in pernmatlon rate. Thls 1mprovement was due to a modlflcatlon in the
equlpment whereby two *0" rings were added to prevent juice from- belng
forced past the membrane module. Later ‘trials conducted w1th cranberry |
Julce (Tlmbers, 1973) gave somewhat hlgher permeatlon rates at similar
concentratlon levels when the "O" ring placement was changed (Flg. 3)
The preventlon of bypass around the membrane appears to be quite 1mportant
when operatlng at pressures in excess of 500 psi. The actual seal sup—
plled mdbb the module was in the form of a flat band rather than the
form shown in the company llterature whlch necessltated the use of addi-
t10nal "O" rangs.“”‘ . o . o
I

Permeatlon rates of 3 to h 5 gal/ft day at preasures of 550 to

625 psi (37 to h2 atm) would be 1ncreased by higher operatlng pressures.

vThese rates fall w1th1n the processlng capacltles of membranes for frult

Julce concentratlon gaven by Matsuura (1973). Matsuura's valies were

obtained using 1000 psi (68 atm)' with a membrane area of 9.6 cm>. The

‘prOCessing capacity as used by Matsuura is the volume 6f feed solution

that 1 ft2 of membrane can handle per day.

Durlng these trials energy inputs to the two pumps were measured

Because of the excess capacity of the Manton-Gaulin high pressure pump, at

least 2/3‘of'the liquid pagsing through the pump was recycled or bypassed

(Fig. 1). For this reason only 1/3 of the measured input energy to this

. pump was‘considered as necessary work in the energy calculatiOns; The maxi-

mim average energy innuts to the two pumps were 124 at 110V for the RO pump

and 2.0A at'SSOV for each_of'the‘three phases of the Gaulin»pump.
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A rad1cal dlfference in energy requlrements is found between runs
5.~ 8 and 9 - ll. Of these runs 9 - 11 seem realistic as_ln-the'f;rst four
'.runsna,large-portlon-of the,juicegmustnhave been,bypassing theinembrane.‘
rThe'vaiues offIOO§e,ISO watt hr per Kg .of waterﬂremoved are.cOnsiderably
loweruthan“the36A5-watt hr/Kg required for evaporatiOn.t_Thie figure for ) _
evaporation'does:not:include~any efficiencies which could be achieved |
, thnough;regeneration1orzmultlple-effect.evaporation._ o ‘]7 a
| One -important factor which carmot be assessed in short term
“tridls ie=the required'rate of membrane replacement Cost estimates for
membrane replacement vary widely. Values from $O 10 to. $1 00 per ft yr
have been given (p. 181, Lacey, 1972) |
Durlng the concentratlon of the apple julce a concentratlon
of the' SO “in- the ju;ce also occurred some of the SO ‘was lost in the
Npermeate although average SO concentratlons as determlned u31ng Ruck'

imethod (1969) were:

'}Feedpjuice 250 ppm'
Concentrate- ‘ , 390 ppm
Permeate liquid : o 95 ppm‘

If SO -13 belng used as a preservatlve prior to reverse osmosis,
1the degree of concentratlon of this material must be taken 1nto con31dera—
"tlon to keep SO ‘levels within the proper llmlts.v S
'5 0 CONCIUSIONS

JREVerBe osmosis seems to offer a viable means for‘the-recoverjv : v
- .and concentration;of second press apple juice. Concentration of the
smaterial from é%Fsoluble solids to 12% soluble solids is readily accomplished

-at reasonable pressures and flow rates. The quality of the juice is main-



_ .
'ﬁainédvduring ééncentration wiﬁh only a relatively Sm;ll amounit of
darkening oécurring. Eﬁergy requirements.to refiove water are lower
Ehan those ekpecﬁed fdr an evaporative process. EétimatiQn of the mem-
ﬁrane life ang replacement éost would require é_longé¥ term pilot plant
stﬁdy as this factor is‘a key for éSéessigg‘thé ecOnoﬁiCs of the process.
Reverse osmosis with a high.rejectién cellulose acetate
ﬁembrans proVides complete recovery of sugars.. Some acids hqy be lost in
the pérméate liquid. S0, is also qoﬁcentrated during the process which .

could’be a factor if 802 was used to preserve the feed juiCe.'
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- Fig. 1. Product flow in reverse 0smosis test system.
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Fig. 2. Osmo 3319-SS reverse osmosis unit used for the study.
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Osmo Teverse osm031s pressure vessel and module. arrangement.

Outlet from Pressure Vessel
"O" Ring for Module Center Tube
Inlet for Pressure Vessel
Anti-telescoping Stop
Pure Water Socket Cap
Down Stream Spacer
Additional "O" Rings (initial placement)
Additional "O" Rings (placement for
: later project)






