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AESTRACT

"SUGAR CANE JUICE DEIONIZATION®

by
Angel L., Javellana

Submitted to the Department of Chemical Engineering

on May 24, 1954 in partial fulfillment of the requirements

for the degree of Master of Science.

Sreliminary cost estimate was pade on a plant unit

purification of sugar cane Julce by lon-exchange.

- dvilonizatlion units were designed for a sugar mill in

the Philipplires having

fe

Th

+ capacity of 3600 tons of cane per

dav ant worliliy 24 hours a day for a campaign period of

150 devs « ve

The cost figures are:

Initial investment on building and equipment

Annual income $4,034,000

3 348,000

Annual operating costs 150,000

Gross v»rofit per year

The profit will be made from the sale of white sugar

instead of brown sugar which is made possible through the

use in ' ions wrnnangc

The deicnization units offer the following advantages:

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

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

| is recommended that pilot plant work be commenced

as soon as practicable to obtain the necessary data so that

an accurate comparison could be made between th- above pro-

cess and the conventional process of sugar refining.
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SUMMARY

The demand for locally produced white sugar in the

Philippines has increased conslderably in the past few

years.

Ine M-M Sugar Mills in the Philippines, at present

producing brown sugar, asked the Chelo Chemical Corpora-

tion to investigcte the processes which may be used to

produce white sugar and to mak~ ¢ preliminary cost esti-

nate and the necessarv recommendations.

The Tirst cost figures made by the Chelo Chemical

Corporation wer¢ fcr 1

rification by Jon-c- ance

=rocess cf sugar cane Jjulce pu-

“ine the work so far will

~r~ionlzation no attempts

» the above process with the pre-

sent method of sugar refining using bonechar.

be limited to sugar coc

will be made to compar:

Amberlite IRA-410 and Amberlite IRC-50 will be used

In a reverse delonization system with sodium hydroxide

and sulfuric acld as anion and cation resin regenerants

respectively.

The present capacity of the plant, for which the de-

lonlzation 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

Annual income 84,034,000

Annual operating costs 150,000

ross profit per year

$348,000

£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 is on

the high side.

The pay-off time may however. be expected with in A

year or two.

Some of the advantages to be gained from the use of

Lhe delonlzation units are:

1) the quality of the sugar is improved;

2) the annual production of sugar will be increased

by at least 9.6% making the total production 915,000 pi-

culs (139.44 1b./picul) ner year,

The following recommendation 1s 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 Juice by ion-exchange

would depend upon the results of the above 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 exerclse strict control on the importation of certain

Items. Among these 1ltems 1s white sugar. At present there

are less than five sugar refinerles in the Philippines.

Some thirty odd sugar mills have facl lities for producing

only brown suga™

present producing only brown

suger thoueht. *+ profitable to be prepared for the forth-

increased demands for locally produced white sugar.

The M-T/ Sugar Iiills,s&amp;:

The M-. Surar [ "71e therefore. engaged the Chelo Chemical

Cornoration tr mek nt1dr of the possille processes which

nav be used tc nroduce white sugar, mek preliminary

cost estimate and to make the necescarv 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 1s being used with some suc-

cess Tor purifying sugar beet Jjulce 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 lon-exchange it would certainly be more

promising when further improvements have been made, since



it will be some time before the M=.i Sugar Mills wlll con-

sider seriously to invest in this new fleld.

Already avallable in the field of ion-exchange are

three methods of operation for delonlzation, namely, the

conventional, reverse and mixed-bed delonlzation processes.

The conventional method removes the cations 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.

[on-exchange resins can also be tailor-made for the

occasion and each day we e+ that much closer to the advent

of resins having a maximus exchange efficlency. A wilde

variety of regenerants t©

cially in localit'er-

mav bs used is an asset espe-

-— aml

4 avallebility of chemicals

evnerimental data are avall-1s a problem. Finall~ enous

able to make possible . vreliminary cost estimate on a

plant unit for the purification of sugar cane Julce by

lon=-exchsn-

Before -
’ Jlculations had been made the Chelo Che-

mical Cornorat ‘on knew that the method of oneration would

offect the amount cf sugar prodreed and thet the chemicals

used as regenerant would form
TF Ava

i nercentese of the

total oneratin~ costs. It wae therefore decided to use the

reverse delionization process since the conventional deloni-

zation caused the inversion of sucrose thus lowering the

sugar yleld. However, the mixed-bed delonizetion process

was not to be totally ignored.

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



nonla and sodium hydroxide as anlon resin regenerant. Am-

nonla because of its recoverabllity and sodium hydroxide

pecause of its high regeneration efficiency.

Since the investigation so far will be concentrated on

sugar cane Julce delonization no comparisons will be made

with the other processes of sugar refining, particularly,

the present conventional method using bonechar,



PROCEDURE

The first deionizatlion process to be seriously con-

sidered was the reverse delonization using ammonia as the

anion resin regenrant. The first assumption made was that

the lions present in the sugar cane juice solution were

Nat and C17. This assumption was made to simplify the cal-

culations without departing too far away from what really

naprens during the delonization process.

The reactions during the service or exhaustion cycle

are.

wnlon cell: NaCl «+ ROH ww

R'NHe =ration cell: NaOH

RC1 +

R'Na 1

NaOH

TH.0H

vnere R represents the anion resin molecule,

snd R' represents the cation resin molecule.

The ammonium hydroxide wlll come out of the system

vith the sugar cane jJjulce effluent and wlll be recoverable

from the condensate in the evavorators.

During regeneration the reactions are:

onion cell: RC1 + NH OH = ROH + NH.C1

The ammonium chloride solution coming out as effluent

from the anion cell may be utlllized to regenerate the cat-

ion bed and the reaction is:

sation cell: R'Na + NHeCl = R'NHeg + NaCl

[he second delonization process to be evaluated was

the feverse delonlization using sodium hydroxide to rege-

nerate the anion resin and sulfuric acid for the cation

resin. The same assumption as above was made in the
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calculations but to avoid confusion in the reaction equa-

tions below the anion will be desi:znated as AT and the cat-

ion as GC.

The reactions during

anion cell: Ch

cation cell: AQOH -

Ls“he nervice cycle are:

RC + ACOH

P'A 4+ HOH

The reactions during regeneration are:

snion cell: RC + NaOH = ROH + Nag

cation cell: 2R'A + HgS04 = 2R'H + ApSO4

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 1s exhausted the Julce

will be rerouted through a second pair of cells while the

first palr will be backwashed, regenerated and rinsed.

The juice leaving the deionization units will be sent to

the evaporators and the flnal 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-

nonia as the anion resin regenerant.

The results presented are those only for the "sodium

hydroxide" process since the concluslon that sugar cane

juice purification by lon-exchange will prove profitable

vas based only on these results.

Table I gives the amounts of Julce treated, resin

and regenerant used per one-hour service period.

Tavle II gives the time distribution per cycle.

Table III gives the number of pleces of major equip-

nent needed and thei coats

Table IV giver f nitial investment costs.

Table VV go! vee ~neratine costs for a campaign

period of 15C 4-7

capacity of the plev

“Tr » rrerkine 24 hours a day. The daily

~ tone of cane a day.

Table V7 glve
co - gross profit per season

to be realized fre "white sugar instead of

brown sugar throu~Ad  i deionization units in a

mill equipped to produce only brown sugar.



TABLE I

Amounts of Resin, Regenerant and dulce

Pesis: 60 minute exhaustion period per cycle

Resin

Capacity of resin

Equivalents of resin

Volume of resin

Regenerant

Amount of regenerant

Volume of regenerant

Equlvalents of Julce

Jolume of Juice

ANION CELL

Amberlite IRA410

0.0371 1b.eqg./cu.ft.

23.2 lb.eq.

372 cu.ft.

49 NaOH

16,5 1b.eq.

2140 gal.

13.8 1b.eq.

36900 gal.

CATION CELL

Amberlite IRC=50

3

0.237 1lb.eq./ft

15.2 1lb.eq.

58.2 cu.ft.

4% HaS04

14.0 1b.eq.

2050 gal

13.8 1b.eaq.

36900 gal.



TARIE II

Time Distribution per Cycle

Basis: 1 cycle

Period

service

backwash

regeneration

first rinse

second rinse

fotal

ANION CzZLL

Exhaustion Regeneration

650 .minutes

10 minutes

&gt;,

rh

EC an
-rot

=

CATION CELL

Exhaustion Regeneration

50 minutes

10 min.

o =z nb
~~

30

40

28.3
it



TABLE IIT

Plant Equipment

Number and cost

Cells (tank + resins

Pumps + motrs (Juice

Regenerant Storage
tank

Regenerant mixing
tank w/azitator

Punps + motor

(regenerant)

Pump + motor (water)

Total

1

ANTAN CELL

Total

cost

se7o-
% —

170 1CCt

1150 1150 ~

720 T20

720 720
k
"

£94870

CATION CELL

cost Total

mit cost

 TT $33000

4130

11CO 1100

1100 1100

300 200

720 720

540350

Total delivered equipment cost = $94,870 + $40,350

= $135,220 2 $135,000



TABLE IV

Total Investment cost

Delivered equipment

Installation

tullding

Piping

Total

$135,000

58,000

38,600

116 , 000

£347,600

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



TABLE V

Annual Operating Costs

Labor for operation

Labor for maintenance

Anion resin replacement"

SJation resin replacement®

Caustic regenerant

Acid regenerant

Water for washing

Extra sacks

Allowance for depreciction

Total

cost of production

™ 2, 250

1,875

2, T40

1,000

67, 000

28, 000

8,760

4,000

zh, 800

; Z $150,000
$150,425 = $150,

1C *G4/m1icul

* Resin replacementsare calculated at 10% of the original

~oat,



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 1s «. vtrong-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

unsatisfactorv low value. It was for this reason that sodium

hydroxide was chosen as the anlon resin regenerant. Ammonia

would prove highlv uneconomical.

The us+ ¢” 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 if the use

of a weak-base anion resin Instead of a strong one would

give the purity desired in the Julce because it would be

practical then to use ammonia as regenerant.

In using a weak-base anion resin conventional deioniza-

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 the case, studies should

2150 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 (11). The inves-

tigators should be forewarned that only a strong-base anion

resin may be used (7).

Table _

The anion resin to be used is Amberlite IRA~-410. The



 Nn

volume of resin required to handle 4940 cu.ft. cf Julce con-

taining 13.8 lb.eq. of ions is 372 cu.ft. containing 23.2

lb.eqe. of resin. The resin has a capacity of 0.0371 1lb.eq.

per cu.ft. of resin 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 rezeneration 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 1lb.eq. per cu.ft. of resin at a regeneration level of

23.24 1b.eq. of sulfuric acid per cu.ft. of resin. Work

should, therefore,be done to get accurate values for the

ration resin.

The volume c¢¥ cation resin needed to accomplish the de-

sired ion-exchange is 58.2 cu.ft., containing 15.2 lb.eq. of

resin, however

the recommends

of resin

th e value
—

 Kh ocu. ft. of resin are required to attain

haustion flow rate of 3gal./min./cu.ft.

Teulating the amount of remenerant required

-“&gt; was used since it 1s only this volume of

resin that ir exhausted. Experimental work 1s recommended

to verify this. for more acld may be required due to the

"dilution" effect of spreading out the 58.2 cu.ft. to 205

cu.ft.

Table IT

The exhaustion period of 60 minutes was chosen for the



following reasons: the regeneration and rinsing periods are

directly proportional 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 gives an ample free period of 30 minutes

between cycles for &amp; particular palr of cells. A shorter

exhaustion period would Poudre less resins but would also

give ¢ shorter free perlod between cycles and this may not

be practical should minor difficulties occur during operation

Alonger exhaustion period would require more resin and give

2 longer free period between cycles but this combination

vould prove uneconomical.

The total operating time per cycle is 148 minutes.

Table I:

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

vork be done to get better operating condltions for Amber-

lite IRA-410 and if need be to look for resins wnich would

he more economical.

Table IV

The delivered equipment cost of $135,000 may be on the

low side. 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

snd 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.



Building costs though not included may not he necessary

since the present building housing the sugar mill may have

enough space for the delonlization units. However, founda-

Lions would still have to be made for the deilonization units.

Estimating the piping costs at 86% of the delivered

equipment cost (:

will be needed. Thies item 1s,therefore. recommended for a

nore detalled evaluation. However. the overestimation made

on the pinine mav compensate for the cost of Instrumentation

which was not included in the preliminary cost estimate.

Table V

The caust”

take care of 45¢

“ee - 21 anion resin regenerant will

- ¢f the annual operating cost. Cutting down

the expense on this item would be highly desirable. The

seme recommendations are thePefore made as were made for

the anion resin: studies for better operating conditions

and/or better resins.

Table 7

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 normal 84% (without

D-I units), the annual production will be 915,000 piculs

(139.44 1b./picul). The sugar extraction estimated at 92%

ls on the conservative side since this is the present re-

covery obtained (5). And with improved Pesins and techni-

yues 1t is expected to attain a 95-96% recovery.

The initial building and equipment cost will be



£348,000 and it will be depreciated over a period of ten

years at the end of which it 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

ot $8.65 per picul (12).

The income to be realized from the use of the deioni-

zation units would come from two sources: the increase in

quality of the brown sugar ordinarily produced and the ex-

zess sugar produced by the use of the delonlzation 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%,

300.

Sine the sale prices of the sugar taken are on the

nigh side the gross profit to be realized may be conside-

rably less than the calculated value. A more accurate sale

price should therefore be used in future work because a

small difference in the unit price is 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

willl 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 is because

less sucrose goes with the molasses than what usually goes

In the case of undelonized sugar cane Juice.

It 1s therefore recommended that pilot plant work be

commenced as soon as practicable to get all the necessary

lata so that the deionization process may be compared with



the present process of sugar refining using bonechar.

Feneral

The first attraction of the deionizatlion process 1s

the production of white sugar wilthout going through the

conventional refining process using bonechar. Added to this

1s the fact that more sugar ls recoverable with a corres-

ponding decrease of molasses. The molasses ls also l1lm-

proved in taste and color giving it more edible qualitles.

The deionization process also removes from the sugar

cane Juice those impurities which normally would form boll-

or gcaleg in the evaporators. This, of course effects a

savings in time, labor and chemicals which would have to

be utilized to maintain proper operating conditions in the

svaporators. However, the absence of the lmpurities pre-

sent other problems (fF). The Juice of higher purity will

require new overating technigues in the bolling process.

Also the imourities 7 21 not be present to offer a buffer-

ing action and thus »revent or minimize the inversion of the

the resi, 0f the process, Studies are thereforesucrose curin-

recommendedt Setermine the exact nature of the absence of

the impurities removed by deilonization.

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 breakdown of the resins

ond inefficlent exhaustion and/or regeneration due to the

covering of the resin particles by sludge brought In by the



Julce. The exact nature of these problems could not be de=-

termined untill at least pilot plant work is done.



”~

CONCLUSIONS

The total initial investment will be §348,CCO.

The annuel opsrating cost of $150,000 will give a

mit cost of production ~™ {C "54 per picul.

3a The gross profit to be realized from the sale of white

sugar instead of brown sugar bv the use of the delonlzation

mits will be £7.884,000 giving

bh. For &amp; plant witl ¢ cnvacit-

£7 time of one year.

2, dev. workin “LY hours Gav IRD dsvs a year and attain-

ing &amp; 92% suea extraction with th» detonization units the

onnual production will be 915.070 picules (139.44 1b./picul).

De Three pal-- of cells using the reverse delonizatlion

process w

found to Iv

he used. ! 60-minute exhaustion period was

t». practical one giving a total of 148 minutes

per cvele per palr of cells.

5 Sodium hydroxide is cheaper and more efficient than

ymmonia in regenerating a strong-base anion resin.

7. The anion resin cost was found to be 64.5% of the

total plant equipment cost; while the anion resin regene-

rant formed 45% of the annual operating costs.



RECOMMENDATIONS

3

I

h1¢

Pilot plant work should be started as soon as practica-

get the necessarv data so that sn accurate comparison

could be made between sugar cane juice delonization and the

present. sugar refinina process using bone clar,

2 o
- “ature work the £ 1lowing cost items willl need more

data for &amp; mor accurate evaluation: delivered ecuipment

cost anion resin, caustic regenerant, and the sale prices

of th.

Be

~~ I

During the pllot plant work special attention should be

riven 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

possible changes in the technique of evaporating the high-

ourity Juice.

I It is recommended that the use ¢. a mixed-bed deioni-

zation unit be investigated.

Se The use of a weak~base anion resin is recommended for

study, special attention being given to the degree of pu-

rity of the Jjulce being attained.
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APPENDIX



DETATLS OF PROCEDURE

The process to be used will be the reverse method. The

advantage to be gained from this 1s that in no time during

the process 1s the Julce acidic, as in the case of the con-

ventional method, thus the inversion of the sucrose is mini-

nized if not completely eliminated.

The plant will make use of 3 palrs of anion and cation

cells and the necessary accesories that go with them. The

accesories consist of: 1) the valve assembly with adsquate

headers to direct the flow of fluids during various phases

of the operation; 2) common to 211 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, specific gravity recorders, positive displacement

meters, recording thermometers, etc.; 5) bulk handling

equipment for the unloading and storing of carload lots

of concentrated acti nd alkali; It should be noted that

21ll the plecer « eruloment that come in contact with acid,

liquor and Jju’-~" are to be rubber-lined.

To overate this section of the mill only one man and a

helver wlll be needed per shift.

The deionization cycle will consist of: 1) sweetening

on period; 2) service cycle; 3) sweetening off period; 4)

backwash; 5) regeneration;6)rinse.

At the start both of the anion and cation cells will

have thelr voids full of water and when the-juice is allow=-
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ad to flow through both sells the first effluent 1s pure

deionized water, The effluent gradually Increases in sugar

content until it reaches full sugar strength. Up to this

point has been the"sweetening on" period. The flow of julce

ig continued for the "service cycle” until the anticipated

break-through point is reached. It has been found preferable

to anticipate the break-through rather than walt for it. At

the end of the service cycle the Julce 1s shunted off to the

next unit while pure water 1s run through the unit under

1iscussion. The effluent will still contaln sugar which will

rradually decrease in concentration. The effluent 1s added

on to the other Juice until the sugar content 1s too low

for an economical evaporation. Whatever effluent follows 1s

sent to the sewer. This is the "sweetening off"period. When

the bachwash no longer contains sugar the "backwash" 1s s

started with hot water (which has been found better than

201d water). The purpose of this is to remove the colloidal

natter and sediment that have collected on the beds and to

reclassify the resins in the cells. The cells er~ backwashed

individually. The cells are now ready for regeneration and

the regenerants are pumped into the c2lls separately. Af-

ter the desired resencration level has been reached both

cellr are rinsed independently with pure water to remove ex-

cess regenerant. I’ must be remembered that the economics of

the process and nol thie completeness of the regeneration

letermines the degree ¢7 regeneration. After all these the

mit is all set for another round.



CALCULATIONS

The ion-exchange unit willl be designed to handle the

total capacity of the M-M Sugar Mills, The mill operates on

2, 150-day campaign period.

dailv capacity=

sugar in cane = 3600 x 0.14 = 504 tons

= 464 tonssuger extrected= 504 x 0.922

sugar sol'n. to beds = 46 4x5 rs x2000

Jensity of Julce = 62.4 x 1.0465

vol. rate of flow = T74C000/65.2

4940 x 7.48/60 = 615 gpm

= 7,740,000 1b.

=65,2 1b./cu.Tt.

- = 4940 cu.ft./hr.

It will be assumed that the present sugar recovery of

347% will be increased to 92% using ion-exchange purification

of the sugar cane Julce. This 1s a conservative estimate

since present operations (5) give a 92% recovery and with

better resins and technicues it 1s expected that a 95-96%

recovery would be possible.

Extra sugar produced/year=464=2000(0.92 = 0.84) x 150/139.44

= 80,000 piculs

Total sugar vproduced/year= 464 x 0.92 x 2000 x 150/139.44

= 015,000 piculs

there, 129.44 = 1t./picul

The plant equipment cost figures will be calculated

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

multiplied by the Marshall and Stevens index ratio 1 22

to get the prices for 1953.



The composition of the Julce varies for every type of

cane and may also vary from year to year for one type of

rane, Due to the unavailabilitv of the desired data, the

composition ¢* &amp; Louisiana sugar cane will be used (10).

Basis: loo lb. of sugar cane

water

ash

Fiber

sugars

Nitrogenous bodles

fat and wax

pectin (gums’

free ccids

~ombined acids

74 F 1h,

5.5 1b.

10.0

14.0

C,4

O.2

0.2

0.08

"xz

100.00 1b.

+

The ash which contains the ions to be removed has the

Following composition (based on 100 1b. of cane):

silica,3510- 0.25 1b.

De 1°

soda, Nas

lime, Cal

0.01

0.02

Magnesia, MgO

iron, Feg0a trace

phosphoric acid.P=0;0.07

sulfuric acid, SOs 0.02

~hlorine, Cl trace



The amount of minerals removed during clarification

are calculated from results obtained by R.H.King (G6).

According to him the amount of ninerals removed after de-

Fecation at pH8 are:

PeOc

silicates

nagnesium

80-85%

35%

naximum at pH 9, small at lower

pH's

iron

raleium

nearly completely removed (95%)

increases by 200%

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

ore

3i0n = 0.%~ |.

a

- ¢c-
- deYur"725 1b.

P20. = 0.07 (1 - C.&amp;3

a0 = 0.02 (3.00) = 0.C%

5,014

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 129 by weight.

Basis: 100 1b. of solution

ca0 = 0,Ch X I X 53.08

KeO = 0.12 x oh X SITS

Naz0 = 0.01 x 1% x zr5535

cotal= = 0.00429 1lbv.eq.

volume of sol'n. = 100/65.2 = 1.535 cu.ft.

mineral salts per hour = fea x 4940 = 13,8 1lb.eqa./hr.



Anion Cell

resin - Amberlite IRA-410

sepacity - 0.0371 1b. eq./ cu.ft. of resin

axhaustion period - 1 hour per cycle

juice - 4940 cu.ft. containing 13.8 1lb.eg. of mineral salts

resin - 372 cu.ft. containing 23.2 1lb.eq.

sost of resin - 372 x 466 x 1.11 = $27,400

ny 7 i + 18 WL

ynere, l.ll is the Marshall and Stevens index ratio a

exhaustion flow rate = HA Tet = 1,65 gal./cu.ft./min.

Therefore, the flow rate is sood since 1t 1s below the

naximum of 2-% gal,/cudft/min. recommended for a satisfacto-

ry operation (&amp;°

bed dimensions - the height of the resin bed 1s taken at

one-half the dilameter

liameter :

height ¢* bel = J

whe C°
-

rent = 272 x 0 =. 74h 1b,

Sig!er §
2

the weight of sodium hydroxide required to

regenerate the resin back to a capacity of 0.0371 1lb.eq.f

su.ft. Of resin

~quivalents of regenerant = T44/40 = 16.5 1b. eq.

A 4% solution of NaOH will be used as regenerant.le

47 sol'n. = 2.6 1b. NaOH/cu.ft. of sol'n.

vol. of regenerant = Thy x T7.48/2.6 = 2140 gal.

regeneration time = 2140/372 x 0.5 = 8.4 min.

sost of regenerant = T44 x 24 x 150 x £2.20 = $67,000



Sells and Tanks

sells were designed for twice the volume of the

resin bed ‘to allow for the expansion of the bed during

packwasiing.

Jtorage tanks were designed to hold a week's supply

of concentrated alkali.

Mixing tanks were desisned to hold enough solution

for one cycle.

The costs for the cells and tanks were based on the

welght of steel required using 1/4 in. steel plates,

jashing

Dackwashineg w 1" be done for lo minutes (before re-

seneratlion

plish ¢ 61% »~-

flow rate of % cal./ft.2/nin. to accom-

expansion.

701. of berk:i= 1 water = 7%
— TY, Am

10 = 2360 gal.

A mr | neration the resin beds are to be rinsed

with 7°

large = Tum

* water per cu.ft. of resin. Due to the

water needed studies should be made to

see 17 som  23d not be used more than once.

The T° rs: "Me rinse water will be pushed

mal ‘cu.ft./min. while the lastthrough =

4/5 will be pushed through at a rate of 1.5 zal/cueftt./

nin,

7olume of wash water = 272 = 7H = 27900 gal.

First rinse time = 27900 (1/5)/0.5 x 372 = 30 min.

SJzcond rinse time = 27900 (4/5)/1.5 x 372 = 40 min.

The cost of the water was calculsot=2 at $0.05

rer 1000 gal,

3imilar calculations were made for the cation cells



he results of which are found in Tebles I,II and III.

Building and Equipment Costs

From Table III the total delivered nlant equipment

cost = $135,000

Thaetallation costs= 4%: &amp;&gt;livered equipment cost (13

~ 135,000 (0.4%) = £58.000

Installed eculpment cost = 135,000 « 58,000 = 193,000

Building cost = 20% of the installed equipment cost (13)

= 10%2.0n0 (rr, 20) = $38,600

Piping cost = 86% of the delivered equipment cost (13)

Total Bullding and Eguioment cost = 135,000 + 58,000
. ;

+ 38,600 + 116,000

347,600 or $348,000

Tne bullding and eculpment wil_ tb 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) = 534,800/vyr.

Overating costs

.2ebor for overation: 2 men per shift at $2.50 per men

per day

TT x 2,50 x 150 = $2250

Labor for maintenance: ~ men working one shift a day for

50 days a year at $2.50 per man per day

Labor 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.

“ost of caustic ner season = 567.000

Jost of acid per season = {28,000

cost of water for washing = $8760

cost of extra sacks = $0.05 x 80,000

Allowance for depreciation = 434,800

Total operating costs = $150,000

{4,000

Sales and Gross ~rofit

Jost of sugar. refined — $12.30 per picul

Jost of sugar. raw - ©8.65 per picul

The actual income attributable to the delonization

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 (.2.30)

= &amp;4,034,000

ross profit = $4,034,000 - $150,000 = $3,884,000
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