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have prompted the deveiop­
Several pH blicaliol1s, inc! uding 

Hatcher, and 
have 

can be from 
dissol ved solicls in sol ution of waste water, se'wage, and seawater 

the reverse osmosis 

Studies reported in this 
hranes of high, medium .. 
feed variables 
have on 

consider cellulose acetate mem­
low flux and the effects which 

C, and R.D.S. 
sugar, and 2.-1ife­

time of tbe membrane. 

to define exact 
reverse 
streams 

or molasses by 
white 

nonsugars from sugar conse­
queutl)" sugar production through nonsugar 
and color 

osmosis may be used to increase of process 
the future 

Theory and Discussion 

Reverse 05rn08i8 can be best understood by 
of osmosis. If a container divided into 

a partition of 
and 

an: 

solu­
membrane until the concentration of 
If a which is greater than 

the osmotic pressure is more concentrated 
concentrated solution toof solvent 

coneell trated will take we ha ve reverse 
osmosis. 

, the purification of a process stream involves a two 
of molecular 1 and 2 are 
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Figure I.-A container which is divided into two compartments a 
membrane - the theory of osmosis and reverse osmosis. 

1. a membrane which has the characteristic of 
flux and correct to pass su-

Close and other material in 
the 
material and color 

2. 	 Process the from IItil izing a tighter 
low membrane which sucrose in the 
effluent but passes lower molecular weight 

Equipment and Procedures 

Tvvo of the more common reverse osmosis 

and a membrane sheet and a 

and the tuhe type. This paper considers 


formed with a type which uses a 
outside for a middle of 

an inside layer of cellulose acetate. Some of 
the tube are: 

1. 	 Self support. 

2. 	 modules can be for 

and maintenance. 


3. 	 The IS to the entire membrane area without 
baffles. 

modules which contained seven 
D. tubes and 7 sq it of area, 

were in different planes and cOllnected in 
series by turn-arounds at the ends. End held the turn­
arounds and formed a unit 'with a shroud 
which the tubes. 



increase 
of 

rang-e. 
seem 

1, and the 

to the nonsugar curve ~while sodium forms it curve 
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As shown in 2, the feed juice was 

At the outlet of the last 
series of modules pressure, variable volume pump. 

a loaded pressure 

I-PUI;otP 

2- PRESSURE INDICATOR 

3-TEMP INDICATOR 

4 - TEMP. iNDICATOR 

5-PRE$SURE INDICATOR 

6-PRES$URE REGULATOR 

2.-Flow scheme o[ n;versc osmosis syslcm. 

maintained a constant 

and derived 

the and allowed 
a volume of solution, out of the The 
terms feed. from water treat­
mellt. Dissolved solids are the tuhe as effluent while 
water with a lOll' amount of dissolved solids pass through the 
membrane 'wall as product. 

The analyses used for this are common 
to the . and will not be 

Results 

In 
mediate 

011 j nler­
~Modllle char­

acteristics were pressure 
levels by maintaining a constant feed of dilute molasses."' Feed 

45" R.D.S. II 7.1,constants were: 
and 

:3 illustrates the net effect or the contents at 
the three pressure levels. This results from the di rect Il1crease 
in product flow with increase in feed pressure, 
decrease in product R.D.S. with the 

illustrated in 2. The ratio 
the increases from 200 to 400 

constant in the 400 to 600 
and 4, and 

to the sugar curve. Since the maximum amount of nonsugars 
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3.-Pressure characteristic of membrane - feed pressure cor· 
relation to product flow ralC, product R.D.S., product solids, and 
nonsugar-so 

the module in the 400 to 600 
was chosen as standard 

of the module "hen subjected 
R.D.S. and feed 

The effects of changing the teed R.D.S. on the product 
shown in 'I. Feed juices were elil 

;')9.7 purity molasses to 11.2 
the tests. The main­

tained at 45°C and 

7 shows the results of the increase of products R.D.S. 
with increase in feed R.D.S.,· 5, and the decrease of 
How with increase in feed as shown in G. 
increases of total nonsugar and total in the product were 
noted as the feed R.D.S. was increased 1l.2 to .lS.7 
whereas small 'were seen as the feed R.D.S. was 
increased from 18.7 Total sugar in the in­
creased at a faster rate than the total nonsugar as in­
dicated by the purity. 

7 indicates that wilh a Lj R.D.S. feed the module 
removes the maximum amount of while sac-

the least amount of sugar. R.D.S. values 
of more sugar while removing the same amount of 

nonsugars. 

The effects of feed on the module were evaluated 
at 37' and 45°C. Feed juice was by elil 
51).8 apparent purity, 7.1 pH molasses to R.D.S. 
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MG. SOliDS 

}'igure 4.-Effects of feed R.D.S. on the membrane feed R.D.S. cor­
relation to R.D.S., flow rate, and solids. 

As indicated In Graph 8, the flow 
35 as the increased hom 28°C to 

H temperatures were not recommended because of 
destruction of the membrane. 

Graphs 9 and 10 indicate increases in total sol ids and R .D.S. 
with increase in temperature. the memo 
brane at a higher rate with the 
Increase in temperature as indicated lIlcrease III 

The diluted molasses tests can be best the 
theoretical material balance derived from 
diagnmed in G. This four 
series with the from the first acting as 
second, etc. Product is the membrane in each 

It is assumed that the feed has a of a 
pressure of (jOO R.D.S., rate 
val nes Iisted in 'J assumed to have 
a constant is taken from 
the graphs or calculated information. 

Each consecutive feed has a 

and less How than the 


,,,,eTC val UC$ used 



31 VOL. 16, No. I, APRIL 1970 

/ 
I I 

200 300 400 '00 
PRODUCT FLOW RATE (Ml, / "'N) 

.000 
MO . SOl.IDS IN PRODUCT I IoIIN . 

/ I 

' .0 35 <40 ., 
PRCIllICT R.O.S . PRODUCT PURITY 

Figure 5.-Effects of feed 
temperature on the memo 
brane . correlation of feed 
temperature to product flow 
rate, product solids, product 
R.D.S., and product purity. 

Figure 6.-A four stage 
system which passes smaller 
molecules than sucrose in 
the product. Effluent from 
each stage is the feed for the 
next. Note the inCl'eased 
quality of the each effluent 
as compared to the original 
feed. 

FEED 
R. D. S . 10 . 115 

A. P. &9.83 1ST. STAGE 

FLOW RATE 4450 ML.l MIN. 

R.O. S. LI 

A.P. 36.5 

FL OW RATE '" 
260 ML. I MIN . 

2ND. STAGE 

R.D,S.1. 2 
R.O.S. 11.3 

A.P. 3S.!!! 
A. P. 80.' FLOW RATE ­

25 0 ML.lM.N .FLOW RATE 
394 0 ML . 'hUN . 

:5 RD . STAGE 

R.0 .S.I .315 

A. P. 36 . 5 

FLOW RATE '" 
245 NL./ MIN . 

EFFLUENT 
R. D. S. 12 . 60 

R.0. S.I .60
A. P. 60.4 9 
FLOW RATE A. P. 38 . 5 

3460 	IIIl../MIN. FLOW RATE 
235 NL .I MIN. 

% SUGAR LOST - 1.68°/" 
% NONSUGAR ELiMINATED-4 .36% 
%WATER ELIMINATED-22.3% 

R.O. S. 10.7 

A. P. 60 .0 

FLOW RATE'· 
4190 Ml. /MI N. 

R,0.S . 11.9 

A. P. 60.29 

FLOW RATE ··· 
3695 ML . / MIN. 

http:ELiMINATED-4.36
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established that cellulose acetate membranes will 
exnosed to hot alkaline solutions. An eleven 
Hu'x cellulose acetate modules and feed j )()-l 

OF TilE A. S. S. B. T. 

product R.n.S. and less flow than the previous 
product. the sucrose is lost in the product. while 
4.36% of the nonsugars and of the water are eliminated. 

Studies of the lifetime and irreversible of cellulose 
acetate membranes were considered diluted 
10-11 R.D.S. ravv pan stock, and 

Havens and and Merten have 

raw pan stock and thin 

acetate at the end of 


The mem brane became soft and decrease In 

product flmv due to irreversible noted. 

600 
C:"EANED MODULE 

11 12 

flow 
of 

rate per minute per module (7 square feet of 

24 hours to 
foam 'which was pum ped through the 

remove the colloidal builduD on the 
tube wall. no effect on tbe How rate of the product'. At the 
end of the 9th day, a 2 Hel solution was through the 

the fouling material but no in flow 

feed" and low fJ ux modules were evaluated for 
II How rate from modules which were cleaned 

polyurethane each 24 8, showed a 
decrease in flow period. Product flow rates taken 

to remove 
was 

before each remained constant. 
Raw intermediate nux as illus­

trated in Figure !J, flow at the end of 4 clays 
on modules ~which were every 24 hours with the polyure­
thane 

. j I'll GOO psig· . 
c. pH. C for 3 days and 

50' C. 

(I l>ressure - 600 psig, kmperat tIre 
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Figure How rate per minut::: per module (7 feet Ot 
membrane area) is plotted versus of operation, using \'aw as feed. 

Reverse 	 sucrose 
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