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ABSTRACT

"SUGAR CANE JUICE DEIONIZATION"

| by
% Angel L., Javellana

; Submitted to the Department of Chemical Engilneering
| on May 24, 1954 in partial fulfillment of the requirements
for the degree of Master of /Science,
A preliminary cost estimate was made on a plant unit
for the purification of sugar cane Juice by lon-exchange.

The delonizatlon units were designed for a sugar mill in

e . =. -

the Philippirnes having a capacity of 3600 tones of cane per

day and working 24 hours a day for a campaign period of

.
L,
% 150 days a year.
i The cost figures are:
73 Initial investment on building and equipment § 348,000
;:5 Annual income $4,034,000
ind Annuel operating costs 150,000
Gross profit per year $3,884,000

The profit will be made from the sale of white sugar

Instead of brown sugar which is made possible through the

Haﬂéhmtah””

use of lon=-exchange.
The deionlization units offer the following advantages:

1) the quality of the sugar 1s improved; 2) the sugar extrac-

tion is increased from 84% to at least 92% extraction.

It 1s recommended that pilot plant work be commenced
as soon as practicable to obtain the necessary data so that
an accurate comparlison could be made between th- above pro-
cess and the conventional process of sugar refining.

Thesls Supervisor: Raymond F. Baddour
Title: Assistant Professor of Chemical Engineering
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SUMMARY

The demand for locally produced white sugar in the
Philippines has increased conslderably in the past few
years.,

The M=M Sugar Mills in the Philippines, at present
producing brown sugar, asked the Chelo Chemical Corpora-
tion to investigate the processes which may be used to
produce white sugar and to make a preliminery cost esti-
mate and the necessary recommendations.

The first cost figures made by the Chelo Chemical
Corporation were for the process of sugar cane juice pu-
rification by lon-exchange. Since the work so far will
be limited to sugar cane Juice deionization no attempts
will be made to compare the above process with the pre-
sent method of sugar refining using bonechar.

Amberlite IRA-410 and Amberlite IRC-50 will be used
in a reverse delonization system with sodium hydroxide
and sulfuric acid as anion and cation resin regenerants
respectively.

The present capacity of the plant, for which the de-
lonization units were designed, is 3600 tons of sugar cane
per day working 24 hours a day for a campaign period of
150 days a year.

The following cost figures were arrived at:

Initial investment for building and equipment $ 348,000

Annual income $4,034,000
Annual operating costs 150,000

~Gross profit per year $3, 884,000



The gross profit to be realized from the sale of white
sugar instead of brown sugar may be considerably less than
the calculated value because the sale price taken 1s on
the high side. |

The pay-off time may, however, be expected with in a
year or two.

Some of the adventages to be gained from the use of
the delonlzation units are:

1) the quality of the sugar is improved;

2) the annual production of sugar will be increased
by at léast 9.6% making the total production 915,000 pi-
culs (139.44 1b./picul) per year, .

The followling recommendation is made: pilot plant
work should be started as soon as practicable to get the
necessary data so that an accurate comparison could be
made between sugar cane Juice delonization and the present
process of sugar refining using bonechar.

The construction and operation of a commercial unit
for the purification of sugar cane Jjuice by ion-exchange

would depend upon the results of the aboye comparison,



INTRODUCTION

Since she acquired her independence in 1946 the
Philippines has been confronted with the problem of de=-
creasing the importation of goods which may be produced
locally. One of the steps taken to help solve the problem
is to exercilse strict control on the importation of certain
items. Among these 1tems 1s white sugar. At present there
are less than five sugar refinerlies in the Philippines.
Some thirty odd sugar mills have facl lities for producing
only brown sugar.

The M~-M Sugar Mills,at present producing only brown
sugar, thought it profitable to be prepared for the forth-
coming increased demands for locally produced white sugar.
The M~-M Sugar Mills, therefore, engaged the Chelo Chemical
Corporation to make a study of the poseible processes which
may be used to produce white sugar, meke a preliminary
cost estimate and to make the necessary recommendations.

The first process considered by the Chelo Chemical
Corporation was the purification of the sugar cane Juice
by lon-exchange. One of the main reasons for choosing this
process was that the process is belng used with some suc-
cess for purifying sugar beet Juice in the United States
(4). Also, big strides are being taken in the field of ion-
exchange, and should the process prove profitable at the
presént standing of 1oh-exchange it would certainly be more

promising when further improvements have been made, since



it will be some time before the M=-M Sugar Mills will con-
sider seriously to invest in this new fleld.

Already avallable in the field of lon-exchange are
three methods of operation for deionization, namely, the
conventional, reverse and mixed-bed delonizatlon processes.
The conventional method removes the catlions from solution
first while the reverse method removes the anlons before
the cations. In the mixed-bed operation the cations and
anions are removed simultaneously.

Ion-exchange resins can also be tallor-made for the
occasion and each day we are that much closer to the advent
of resins having a maximum exchange efficlency. A wide
variety of regenerants that may be used i1s an asset espe-
clally in localitles where the avallabllity of chemicals
1s a problem. Finally, enough experimental data are avail-
able to make possible a preliminary cost estimate on a
plant unit for the purification of sugar cane Jjulice by
ion~-exchange.

Before any calculations had been made the Chelo Che-
mical Corporation knew that the method of operation would
affect the amount of sugar prodﬁced end that the chemicals
used as regenerant would form a large percentage of the
total operating costs. It was therefore decided to use the
reverse deionization process since the conventional deloni-
zation caused the inversion of sucrose thus lowering the
sugar yleld. However, the mixed-bed delonlzatlion process
was not to be totally ignored.

A comparison was to be made between the costs of am-



monlia and sodium hydroxide as anlon resin regenerant. Am-
monia because of its recoverabllity and sodium hydroxide
beeause of 1its high regeneration efficiency.

Since the investigation so far will be concentrated on
‘sugar cane Juice deionization no comparisons will be made
with the other processes of sugar refining, particularly,

the present conventional method using bonechar,



PROCEDURE

The first deionizatlon process to be seriously con-
sidered was the reverse delonization using ammonia as the
anion resin regenrant. The first assumption made was that
the ions present in the sugar cane Juice solution were
Na* and €17. This assumption was made to simplify the cal-
culations without departing too far away from what really
happens during the delonization process.

The reactions during the service or exhaustion cycle
are:

anion cell: NaeCl % ROH

RC1 + NaOH
cation cell: NaOH + R'NHe = R'Na + NHgOH

where R represents the anion resin molecule,
and R' represents the cation resin molecule.

The ammonium hydroxlde will come out of the system
with the sugar cene Julce effluent and wlll be recoverable
from the condensate in the evaporators.

During regeneration the reactlions are:

anion cell: RC1 + NHqOH = ROH + NHqC1

The ammonium chlorlde solution coming out as effluent
from the anion cell may be utllized to regenerate the cat-
ion bed and the reaction is:

cation cell: R'Na + NHeCl = R'NHeq + NaCl

The second deionization process to be evaluated was
the feverse delonization using sodium hydroxide to rege-
nerate the anion. resin and sulfuric acid for the cation

resin. The same assumptlion as above was made in the
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calculations but to avold confusion 1n the reaction equa-
tions below the anion will be designated as A* and the cat-
ton &s &%

The reactions during the service cycle are:

anion cell: CA +#+ ROH = RC + AOH

cetion cell: AOH + R'H = R'A + HOH

The reactlions during regeneration are:

anion cell: RC + NaOH = ROH + Nag

cation cell: 2R'A + HgSO04 = 2R'H + 24804

After clarification and filtration the sugar cane Julce
will be passed through the anion cell and then through the
cation cell. When one palr of cells 1ls exhausted the jJjulce
will be rerouted through a second pair of cells while the
first palr will be backwashed, regenerated and rinsed.

The Juice leaving the delonization units willl be sent to

the evaporators and the final steps of sugar extraction.



RESULTS

The process chosen was that using sodium hydroxide as
the anion resin regenerant since it was found to be econo=-
mically profitable and cheaper than the process using am-
monia as the anion resin regenerant.

The results presented are those only for the “"sodium
hydroxide" process since the concluslon that sugar.cane
Julce purification by iog-exchange will prove profitable
was based only on these results.

Table I gives tﬁe amounts of Juice treated, resin
and regenerant used per one-hour service period.

Table II gives the time distribution per cycle.

Table III gives the number of pleces 6f major equip-
ment needed and thelr costs,

Table IV gives the initlal investment costs.

Table V gilves the operating costs for a campalign
period of 150 days a year working 24 hours a day. The daily
capacity of the plant is 3600 tons of cane a day.

Table VI gives the sales and gross profit per season
to be realized from the sale of white sugar instead of
brown sugar through the use of deionization units in a

mill eguipped to produce only brown sugar.



Amounts of Resin, Regenerant and Juice

TABLE I

Pasis: 60 minute exhaustion period per cycle

Resin

Capacity of resin
Equilvalents of resin
Volume of resin
Regenerant

Amount of regenerant
Volume of regenerant
Equivalents of Juice

Volume of Juice

ANION CELL

Amberlite IRA410
0.0371 1b.eqg./cu.ft.

23.2 1lb.eq.
5272 cu.ft.
4% NaOH
16,5 1b.eq.
2140 gal.
13.8 1lb.eq.
36900 gal.

CATION CELL
Amberlite IRC=50
0.237 1b.eq./fts
15.2 1b.eq.

58.2 cu.rt.

4% HaSO4

14.0 1b.eq.

2050 gal

13.8 1b.eq.
36900 gal.



TABLE I

Time Distribution per Cycle
Basis: 1 cycle
Period ANION CELL CATION CELL

Exhaustion Regeneration Exhaustion Regeneration

service 60 .minutes 60 minutes

backwash 10 minutes | 10 min.
regeneration 8.4 " 8.%5"
first rinse 30 " 30 "
second rinse 40 " bo "

Total 60 88.4 " o o



TABLE III

Plant Equipment

Number and cost

ANION CELL CATION CELL

cost Total cost Total
No.  Jnit eost TO¢ wmit ecost

Cells (tank + resins) 3 $29000 $87000 3 $11000 $33000

Pumps + motrs (Juice) 5 672 3360 T 590 4130
Regenerant Storage 1 1920 1920 1 1100 1100
tank

Regenerant mixing 1 1150 1150 1 1100 1100
tank w/agitator

Punps + motor B 720 720 1 300 300
(regenerant) _

Pump + motor (water) 1 720 70 1 720 720

Total $94870 $40350

Total delivered equipment cost = $94,870 + $40,350
= $135,220 £ $135,000



TABLE IV

Total Investment cost

Delivered equipment $135,000
Installation 58,000
Puilding 38,600
Piping 116,000
Total $347,600

The total investment cost 1s approximately $348,000.



TABLE V

Annual Operating Costs

Labor for operation

Labor for maintenance
Anion resin replacement®
Cation resin replacement®
Caustic regenerant

Acld regenerant

Water for washing

Extra sacks

Allowance for depreclation

Total
Cost of production

® Resin replacementsare calculated at

cost

$§ 2,250
1,875

2, T40
1,000
67,000
28, 000
8,760
4,000

34,800
$150, 425

~N

$150, 000
$0,164/picul

10% of the original



TABLE VI

Sales and Gross Profit

Income from increased quality of sugar
Income from extra suger produced

Total income

Cost of production

Gross profit

$3,050,000

984,000
4,034,000

150,000
$3, 884,000



DISCUSSION OF RESULTS

The anion resin used in this design is a strong-base
anion resin and, therefore, needs a strong base as regene-
rant. Use of ammonia, a weak base, requires a high regene-
ration level while the capacity of the resin remains at an
unsatisfactory low value. It was for thls reason that sodium
hydroxide was chosen as the anlion resin regenerant. Ammonia
would prove highly uneconomical.

The use of ammonia as regenerant should not , however,
be disregarded, for the mere fact that it 1s recoverable is
an offer for economic possibilities if properly utilized.
Studies should, therefore, be made to find out 1f the use
of a weak-base anion resin instead of a strong one would
give the purity desired in the jJulce because it would be
practical then to use ammonla as regenerant.

In using a weak-base anion resin conventional deloniza-
tion may have to be resorted to since the weak-base resin
exhibits a low exchange Potential"” in reacting with the
salt of a strong base. If this be ﬁhe case, studles should
also be made to compare losses due to the inversion of
sucrose with the gain from the recovery of ammonia.

Investigations should also be carried out to determine
the possible use of mixed-bed delonization (11l). The inves-
tigators should be forewarned that only a strong-base anion
resin may be used (7).

Table I
The anion resin to be used is Amberlite IRA-410. The
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volume of resin required to handle 4940 cu.ft. of Julce con=-
taining 13.8 lb.eq. of ions 1is 372 cu.ft. containing 23.2
lb.eq. of resin. The resin has a capacity of 0.0371 l1lb.eq.
per cu.ft. of resln at a regeneration level of 0.05 1lb.eq.
of sodium hydroxide per cu.ft. of resin; this would give a
leakage of 5%.

Amberlite IRC-50 will be the cation resin. Not enough

experimental work has been done on this resin to give exact

values of capaclty and regeneration level, however, the
range of values are given and the figures used 1n this de-
sign are on the conservative side. The capacity was taken as
0.237 lb.eq. per cu.ft. of resin at a regeneration level of
0.24 1b.eq. of sulfuric acid per cu.ft. of resin. Work
should, therefore,be done to get accurate values for the
cation resin.

The volume of catlon resln needed to accomplish the de-
sired ion-exchange is 58.2 cu.ft., containing 15.2 1lb.eq. of
resin, however, 205 cu.ft. of resin are required to attain
the recommended exhaustion flow rate of 3gal./min./cu.ft.
of resin. In calculating the amount of regenerant required
the value of 58,2 was used since it is only this volume of
resin that 1s exhausted. Experimental work 1s recommended
to verify this, for more acid may be required due to the
"d1lution" effect of spreading out the 58.2 cu.ft., to 205
6u.ft. ”

Table II

The exhaustion period of 60 minutes was chosen for the
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following reasons: the regeneration and rinsing perlods are
directly proportionai to the exhaustion period due to the
volume of resin involved; three palrs of cells would be the
minimum requirement for a continous operation; a 60-minute
exhaustion period glves an ample free period of 30 minutes
between cycles for a particular pair of cells., A shorter
exhaustion perlod would reguire less resins but would also

give a shorter free period between cycles and this may not

be practical should minor difficulties occur during operation.

Alonger exhaustion period would require more resin and gilve
a longer free period between cycles but this combination
would prove uneconomical,

The total operating time per cycle is 148 minutes.
Table III

About 64.,5% of the total equipment cost will be for the
anion resin (including cell). This item would certainly de-
serve more attention. It is, therefore, recommended that
work be done to get better operating condltions for Amber-
lite IRA-410 and if need be to look for resins which would
be more economical.
Teble IV

The delivered equlipment cost of $135,000 may be on the
low slide. Several factors have not been included in the cal-
culations which may increase the delivered equipment cost
by a substantial amount. Extra freight and handling charges
and taxes have not been included due to lack of information.
In future work it is recommended that a proper evaluation

of the unaccounted for items be made.
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Building costs though not included may not he necessary
since the present building housing the sugar mill may have
enough space for the delonization units. However, founda-
tions would still have to be made for the delonization units,

Estimating the piping costs at 86% of the delivered
equipment cost (13) may be too high as not too much piping
will be needed. This item is,therefore, recommended for a
more detailed evaluation. However, the overestimation made
on the piping may compensate for the cost of .instrumentation
which was not included in the preliminary cost estimate.
Table ¥

The caustic to be used as anion resin regenerant will

. take care of 45% of the annual operating cost. Cutting down
the expénse on this iiem would be highly desirable. The
same recommendations are thefefore made as were made for
the anlon resin: studles for better operating conditions
and/or beﬁter resins.

Teble VI

For a mill working 24 hours a day, 150 days a year
with a capacity of 3600 tons of cane a day and attaining a
sugar extraction of 92%, instead of the normel 84% (without
D-I unite), the annual production will be 915,000 piculs
(139.44 1b./picul). The sugar extraction estimated at 92%
is on the conservative side since this 1is the present re-
covery obtained (5). And with improved Pesins and techni-

-ques 1t 1s expected to attain a 95-96% recovery.

The initial building and equipment cost will be ey

Pl
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$348,000 and it willl be depreciated over a period of ten
years at the end of which 1t will have no value.

The sale price of the white sugar was taken at $12.30
per picul and for comparison the brown sugar was to be sold
at $8.65 per picul (12).

The income to be realized from the use of the deloni-
zation units would come from two sources: the increase in
guality of the brown sugar ordinarily produced and the ex-
cess sugar produced by the use of the Qeionization units.
The sales from the former would amount to §3,050,000 and
from the latter $984,000. The gross profit will be $3,884,
000. ’

Since the sale prices of the sugar taken are on the
high side the gross proflit to be realized may be conside-
rably less than the calculeted value. A more accurate sale
price ghould therefore be used in future work because a
small difference in the unit price 1s amplified in the gross
profit due to the large amount of sugar involved.

The cost of production based on the total output of
915,000 piculs per campaign will be $0.164 per picul.

It should be noted that the increase: in sugar production
will not increase the cost of evaporating and centrifuging
the sugar solution since the bulk of material to be handled
will not increase. The increase in production 1s because
less sucrose goes with the molasses than what usually goes
in the case of undeionized sugar cane Juice.

It is therefore recommended that pilot plant work be
commenced as soon as practicable to get all the necessary

data so that the delonization process may be compared with
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the present process of sugar refining using bonechar.
General

The first attraction of the delonization process 1s
the production of white sugar without going through the
conventional refining process using bonechar. Added to this
is the fact that more sugar ls recoverable wlth a corres-
ponding decrease of molasses. The molasses 1ls also im-
proved in taste and color giving it more edible qualitiles.

The deionization process also removes from the sugar
cane juice those impurities which normally would form boll-
er scales in the evaporators. Thls, of course effects a
savings in time, labor and chemicals which would have to
be utlilized to maintain proper operating conditions in the
evaporators. However, the absence of the lmpurities pre-
sent other problems (5). The julce of higher purity will
require new operating techniques in the boiling process.
Also the impurities wlill not be present to offer a buffer-
ing actlion and thus prevent or minimize the 1lnversion of the
sucrose during the rest of the process., Studies are therefore
recommended -to determine the exsct nature of the absence of
the ilmpurities removed by deionization.
* Other problems which may be anticipated and for good
reasons are: loss of resins during washing; channeling
through the bed thus causing incomplete regeneration and/or
exhaustion; physical and/or chemical breskdown of the resins
and Inefficient exhaustion and/or regeneration due to the

covering of the resin particles by sludge brought in by the
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Juice. The exact nature of these problems could not be de-

termined untll at least pilot plant work 1is done.
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CONCLUSIONS

1. The total initlal investment will be $348,000.

2 The annuel operating cost of §$150,000 will give a

unit cost of production of $0.164 per picul.

e 3% The gross profit to be realized from the sale of white
sugar instead of brown sugar by the use of the delonlzation
units will be $3,884,000 giving a pay-off time of one year.
4, For a plant with a capacity of 3600 tons of sugar cane
a day, working 24 hours a day, 150 days a year and attain-
ing a 92% sugar extraction with the deionization units the
annual production will be 915,000 piculs (139.44 1b./picul).
D Three palrs of cells using the reverse delonlzatilon
process will be used. A 60-minute exhaustion period was
found to be the practical one giving a total of 148 minutes
per cycle per palr of cells.

6. Sodium hydroxide is cheaper and more efficlient than
ammonia in regenerating a strong-base anlon resin.

T The anion resin cost was found to be 64.5% of the
total plant equipment cost; while the anlon resin regene-

rant formed 45% of the annual operating costs.
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RECOMMENDAT IONS

1. Pilot plant work shouild be started as soon as practica-
ble to ge£ the necessary data so that an accurate comparison
could be made between sugar cane Juide deionization and the
present sugar refining process using bone char,

24 In future work the following'cost items wlll need more
data for a more accurate evaluation: delivered equipment
cost, anion resin, caustic regenerant, and the sale prices
of the sugar.

Be During the pllot plant work specilal attention should be
given to the following: amount of cation resin regenerant
required, operating conditions to get the optimum volumes
for the anion resin and its regenerant, behaviour of the
resin beds during operation under different conditions and
pogsible changes in the technique of evaporating the high-
purity Julce.

4, It is recommended that the use of a mixed-bed deioni-
zation unit be investigated.

5 The use of a weak-base anion resin is recommended for
study, special attention being gilven to the degree of pu-
rity of the Jjulce being attained.
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DETAILS OF PROCEDURE

The process to be used wlll be the reverse method. The
advantage to be galined from this is that in no time during
the process 1s the Juice aclidic, as in the case of the con-
ventional method, thus the inversion of the sucrose is mini-
mized if not completély eliminated.

- The plant will make use of 3 pairs of anion and cation
cells and the ﬁecesséry accesories that go with them. The
accesories consist of: 1) the valve assembly with adequate
headers to direct the flow of flulds during various phsases
of the operation; 2) common to all the units will be a set
of tanks to store and dilute the regenerants; 3) pumps for
pushing the regenerants through the beds; 4) a set of con-
trols including: rate of flow indicators, conductivity me-
ters, speciflic gravity recorders, positive displacement
meters, recording thermometers, etc.; 5) bulk handling
equipment for the unloading and storing of carload lots
of concentrated acid and alkall; It should be noted that
all the pieces of equipment that come in contact with acid,
liquor and Jjulice are to be rubber-lined.

To operate this section of the mill only one man and a
helper will be needed per shift.

The deionization cycle will consist of: 1) sweetening
on period; 2) service ecycle; 3) sweetenihg off period; 4)
backwash; 5) regeneration; 6) rinse.

At the start both of the anion and cation cells will

have their volds full of water and when thenjuice is allow-



DETAILS OF OPERATION
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A2
ed to flow £hrough both esells the first effluent 1s pure
deionized water. The effluent gradually lncreases in sugar
content until it reaches full sugar strength. Up to this
point has been the"sweetening on" period. The flow of Juice
is continued for the "service cycle" until the anticipated
break-through point ié reached., It has been found preferable
to anticipate the break-through rather than wait for 1it. At
the end of the service cycle the Julce 1s shunted off to the
next unit while pure water is run through the unit under
discussion. The efflﬁent will still contain sugar which will
gradually decrease in concentration. The effluent 1s added
on to the other Julce until the sugar content 1s too low
fo; an economical evaporation. Whatever effluent follows 1is
gent to the sewer. This is the "sweetening off"period. When
the bachwash no longer contains.sugar the "backwash" 1is s
started with hot water (which has been found be.tt.er-t.han
cold water). The purpose of this is to remove the colloidal
metter and sediment that have collected on the beds and to
reclassify the resins in the cells. The cells are backwashed
individually. The cells are now ready for regeneration and
the regeneranﬁs are pumped into the cells separately., Af-
ter the desired regeneration level has been reached both
cells are rinsed independently with pure water to remove ex-
cess regenerant., It must be remembered that the economics of
the process.and not the completeness of the regeneration

determines the degree of regeneration. After all these the

uynit ig ali set for another round,
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CALCULATIONS

The ilon-exchange unit will be designed to handle the
total capacity of the M-M Bugar Mills. The mill operates on

a 150-day campaign period.

daily capacity= 3600 tons of cane

sugar in cane = 3600 x 0,14 = 504 tons -
suger extracted= 504 x 0.922 | = 464 tons

sugar sol'n. to beds = 464x5%i§ x2000 = 7,740,000 1b.
density of Jjulce = 62.4 x 1.0465 =65.2 1b./cu.ft.

vol. rate of flow = TT740000/65.2 x 24 = 4940 cu.ft./hr.

4940 x 7.48/60 = 615 gpm

1}

It will be assumed that the present sugar recovery of
84% will be increased to 92% using ion-exchange purification
of the sugar cane Julce. This is a conservative estimate
since present operations (5) give a 92% recovery and with
better resins and techniques it 1s expected that a 95-96%
recovery would be possible.
Extra sugar produced/year=-464 x 2000 (0.92 - 0.84) x 150/139.44
= 80,000 piculs
Total sugar produced/year= 464 x 0.92 x 2000 x 150/139.44
= 915,000 piculs
where, 139.44 = 1b,/picul
The plant equlipment cost figures will be calculated

first based on the 1949 prices. These figures will then be

183.1

multiplied by the Marshall and Stevens index ratilo T 5

to get the prices for 1953.
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The composition of the Julce varles for every type of
cane and may also vary from year to year for one type of
cane, Due to the unavallablility of the desired data, the
composition of a Louisiana sugar cane will be used (;g).

Basis: loo lb. of sugar cane

water 74.5 1b.
ash 0.5 1lb.,
fiber 10.0
sugars 14,0

Nitrogenous bodies 0.4

fat and wax 0.2
pectin (gums) 0.2
free acids 0.08
combined acids 012
100,00 1b.

The ash which contains the lons to be removed has the

following composition (based on 100 1lb. of cane):

silica,510¢ 025 1B«
potash, Kg0 B2
soda,NagQ 0.01
lime,Cal 0,02
Magnesia, MgO 0.01
iron, FegOs trace

phosphoric'acid,?co50.07
sulfuric acid,S0s 0.02

¢ehlorine, Cl trace
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The amount of minerals removed during clerification
are calculated from results obtalned by R.H.King (6).
According to him the amount of minerals removed after de-

fecation at pH8 are:

P20g 80-85%

silicates 35%

magnesium maximum at pH 9, small at lower
pH's

iron nearly completely removed (95%)

calcium increases by 200%

The amount of minerals left, based on 100 1lb. of cane

are:

8102 = 0.25 (1 - 0.35) 0.1625 1b.

P20y = 0.07 (1 - 0.80) = 0.014

Ca0 = 0.02 (3.00) = 0.06

The sugar Juice that will be pushed through the beds w
will be diluted to 12° Brix., The sugar in the solution will
then be 127 by welght.,

Basis: 100 1b. of solution
2

Ca0 = 0.06 x %%-x 55 = 0.00183 1b.eq.
Ks0 = 0.12 x 17 X 5I-75 = 0,00218

NasO = 0.01 x 3% X z7-55 = 0.000276

total= = 0.00429 1lb.eq.
volume of sol'n, = 100/65.2 = 1.535 cu.ft.

mineral salts per hour = %4%%%22 x 4940 = 13.8 1lb.eq./hr,
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Anion Cell

resin - Ambéflite IRA-410

capacity - 0.0371 1b. eg./ cu.ft. of resin

exhaustion perliod - 1 hour per cycle

juice - 4940 cu.ft. containing 13.8 1lb.eq. of mineral salts
resin - 372 cu.ft. containing 23.2 lb.eq.

cost of resin - 372 x $66 x 1.11 = §$27,400

where, 1l.l1l is the Marshall and Stevens 1index ratlo 18 '%.
exhaustion flow rate = gg4g %72‘48 = 1.65 gal./cu.ft./min.

Therefore, the flow rate is good since it 1s below the
maximum of 2-3 gal./cu{ft/min. recommended for a satisfacto-
ry operation (8).
bed dimensions - the helght of the resin bed 1s taken at

one-half the diameter

diameter = 10 ft.
height of bed = 4.T4
wt. of regenerant = 372 x 2 = T44 1b.

where 2 1s the welght of sodium hydroxide required to
regenerate the resin back to a capecity of 0.0371 lb.eq.f
cu.ft. of resin.
equivalents éf regenerant = T44/40 = 16.5 1b. eq.

A 4% solution of NaOH will be used as regenerant.
4% sol'n, = 2,6 1b. NaOH/cu.ft. of sol'n.
vol., of regenerant = T44 x T7.48/2.6 = 2140 gal.
regeneration time = 2140/372 x 0.5 = 8.4 min,

cost of regenerant = 744 x 24 x 150 x %6%9 = $67,000



"“_

AT

Cells and Tanks

Cells were designed for twice the volume of the
resin bed -to allow for the expansion of the bed during
backwashing.'

Storage tanks were designed to hold a week's supply
of concentrated alkali.

Mixing tanks were deslgned to hold enough solution
for one cycle.

The costs for the cells and tanks were based on the
welght of steel required using L1/4 in., steel plates,
Washing

Backwashing will be done for lo minutes (before re-
generation) at a flow rate of 3 gal./ft.®/min. to accom-
plish a 61% bed expansion.

Vol. of backwash water = 3 x 78.5 x 10 = 2360 gal.

After regeneration the resin beds are to be rinsed
with 75 gal. of water per cu.ft. of resin. Due to the
large volume of water needed studies should be made to
see 1f some of it could not be used more than once,

The first 1/5 of the rinse water will be pushed
through at a rate of 0.5 gal./cu.ft./min. while the last
4/5 will be pushed through at a rate of 1.5 gal/cu.ft./
min.

Volume of wash water = 372 x 75 = 27900 gal.
First rinse time = 27900 (1/5)/0.5 x 372 = 30 min.
Second rinse time = 27900 (4/5)/1.5 x 372 = 40 min.

The cost of the water was caleculated at $0.05

per 1000 gal.

Similar calculations were made for the cation cells
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the results of which are found in Tables I,II and III.

Building and Equlpment Costs

From Table III the total delivered plant equipment
cost = $135,000
Installation costs= 43% of the delivered equipment cost (13)

135,000 (0.43) = $58,000

Installed equipment cost = 135,000 + 58,000 = $193,000
Bullding cost = 20% of the installed equipment cost (13)
= 193,000 (0.20) = $38,600
Piping cost = 86% of the delivered equipment cost (13)
Total Bullding end Equioment cost = 135,000 + 58,000
: 38,600 + 116,000

= § 347,600 or 348,000
The bullding and equlpment will be depreciated over a pe-
riod of 10 years at the end of which it will have no value.
Allowance for depreciation = 348,000 (0.10) = $34,800/yr.

Operating costs

" Labor for operation: 2 men per shift at $2.50 per men

per day
= 2 X3 x2.50 x 150 =: §2250
Labor for meintenance: 3 men working one shift a day for
250 days a year at $2.50 per man per day
Lebor for maintenance = 3 x 1 x 2.50 x 250 = $1875

Anion resin replacement: 10% of the resin volume are assumed



to be added each season.
cost of anion resin replacement = 24600 x 0.10 = $2460

cost of cation resin replacement = 8950 x 0.10 = $895

(both costs are at the 1949 price level)
The 1953 prices are §2740 and §$1000 respectively.

Cost of caustic per season = 67,000

Gost of acid per season = §28,000

cost of water for washing = $8760

cost of extra sacks = $0.05 x 80,000 = §4,000
Allowance for depreciation = §34,800

Total operating costs = $150,000

Sales and Gross profit
Cost of sugar, refined = $12.30 per picul

Cost of sugar, raw = §8.65 per picul

AS

The actual income attributable to the delonizatlon

units would be the increase in quality of the first 84%
extracted plus the extra 8% extracted due to the use of
the deionization units.
Income = 835,000 (12.30 - 8.65) + 80,000 (12.30)

= $4,034,000
Gross profit = §4,034,000 - $150,000 = §3, 884,000



(2)
(3)
(4)

(5)

(6)

(7)
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(2)
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