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INTRODUCTION

Sugar was luxory for hundreds of years, but nowadays it
is one of the basic foods, because it became well known that
sugar is indispensible in the ordinary diet of a men and be-
cause the recent development cf the technology of the growing
of sugar cane and sugar beet /the two most important plants
for the production of sugar/ and of the technology of sugar-
manufacturing has made sugar the cheapest of all carbohydra-
tes. Every country all over the world has to make use of this
possibilityes to produce sugar for the benifit of it's popu~
lation,

The developing countries are not able to do at once a full~-
scale use of all recent developments, because for the producti-
on of cheapest sugar mechanical and automated, high-mass pro-
duction is necessery from the field to the bins. However they
ought to start with the production of domestic sugar as soon as
possible in order to be able to cover the national consumption.
It means that they have to produce consumption sugar in a stra-
ight way and not row sugar which is to be refined. As for con-
cerning the quantities, capacities the overall local conditions
must be taken in consideration /growing and harvesting is to be
done manualy, transporting very often by ox drown carts etc./.
S0 factory capacities are to be limited to maximum wich is still
possible to supply in this way, but which is probably lower than
the economically desired minimum capacity.

However, if the sugar industry d%uld be well established,
one could count on & rapid and successful further development,
The aim of this paper is to give the necessery informations and
to help /where it is asked/ for a good establishment and succes-

sful development of the sugar industry all over the world.




GLOSSARY OF TZRMS

absolute - Juice content of the sugar cane

after product ~ Any material obteined after the white
sugar boiling.

alkalinity - A measure of the alkaline properties of
Juice.

amaonia lines - Pipe vent lines for removal of noncon~
densable gases from steam chest.

apparent purity - The percentage proportion of sugar on
80lids, the solids being determined by refractometer.

28h —~ A measure of the inorganic constituents.

batoh method - Discontinual method.

best end - The part of the sugar factory including the
process through the evaporation.

Roet feeder - A device making uniform the flumming,

Deet pile ~ Beets stored at country stations.

beet pump ~ 3pecial pump elevating the beets whith water.

Deet glicer - Machine for slicing of the beets befor ex-
traction.

beet top - The upper part of the bret not suitable for
the extraction of sugar,

Reet Jard - Part of the factory site wher the beets are
received and discharged.

beet wiwel ~ A large wheel used to ruise the beets to a
higher plane and separate them of water.

bins for beet - Beet storege place made of concrete.

80D, - Biochemical oxygen demand - is the amomnt of oxy-
gen required to biologically oxidise the organic matter in a
sample over a period of time, usualy five days.

boiling or jet Finished massecuite of a whol pan., Mrst-,
high~ or A-boiling that from which white, consumption sugar
ils obtained. 3econd~, intermediate- or B-boiling is resolved
for the high purity syrup or standard liquor. Last, low, C-
or D~boiling is the one from which the final molasses is pur-
ged.




bon char - uaerial as an activated adsorber for color
and ash, especially in the sugar industry.
brei - Finely rasped bett particles for analitical par-
poses.
brix - Percent of solids /dry material/ in sugar solu-
tions.
bucket elevator - slevating conveyor with buckets fixed
on endless chain.
vuffor - A supstance acting to maintain en existing pH
in the solution.
bulk bin ~ Silo for crystalin sugar storage.
bundle of cane - The harvested cane stalks are bounded
in dbundles for easier transporting.
busket - Perforated steel cylinder of the centrifugals.
cake - The solid material separated by filtration.
calandria - A common type of stea chest with tube-bundle.
saloination - Burning, converting of lime ston to linme.
campaign - "he yearly period of work of & sugar factory.
gane yard - The pagrt of the factory site where cane is
received and discharged.
garamelise - conversing of sugar to colored racerials bty
heat or burning.
oarbonation - Treatment with carton dioxfdegas.
charge - Filling of a centrifugsl.
Satch-all - An entrainment or foaam separator.
~Ships - cosettes 3liced beet for the extraction.
clarification - removal of solids from the juice by set-
ling.
slump of cape - Root of cane with severel stalks grown
out trom it,
C0Dy -~ Chemical oxigen demand.
coil - Heating elemint made of a long tube.
condensate ~ pare hot water condensed in the steamchests.
condenser -~ A device to produce vacuum condensing vapours
by water injection.
crude juice - raw juics Juice extra-te froma cane /beet/
non purified.
crushing - desintaegrating o cane fioers for extraction.
curing -~ lne crystallizin  »f raw massecuite in crystal-
lizers,




cutting - Harvesting of the cane.

c¢yclone - A mechanical device used to remove solid par-
ticles from liquid or g.s streams.

desugarizing - Recovery of the sugar from final molasses.

degweeten - sweeten off To wash a material free froa sugar.

diatomaceous earth ~ Material used as filter aid.

diffuger - An equipment for the extraction of sugar from
SUgAT beet or sugar cane,

division - The lenght of V graves by beet knives.

4draft - Percentage of raw juice by wight of best proces-
sed,

dregs & filter ~ To install knew filter cloth.

S8rips - The condensates from the steam chests.

dry supstance - The moisture-free constituent of a solid
or liquid material.

entraipement - Droplets of syrup withdrown by vapour e-
vaporated froa it,

exhayst stesm - The steam leaving a turbipe.

feed water ~ Purs water used in hoilers for steam genera-
tion.

£41iLg - The rapairing of beet knives by Iraising.

Z3Aling - The wight of cosettes in the volume of 1 a° of
the diffuse. The weight of massecuite fed in the basket of the
centrifugal for one cycle.

£ilser aid - Material which precoated on the filtermem-
brane improves the clarity of the filsered liquid.

1ilter medium - 4 layer of cléth, wire or paper provi-
ding actusl initial filter surface.

£iltrete ~ Liquid after passing thrugh a filter,

£ilter pregee ~ A mnchine for filtering and desweetenuing
composed of plates and frames.

flash =~ Autoevaporation by the lowering of the pressure.

footing - A quantity of bigh-purity massecuite used to
furnish orystal surface for further crystallisation from lo-
wor-purity liquors in pan boiling.

t valys - The valve whic discharges the finished mas-

secuite, strike, froa the vacuua pan,




granulator - Rotating drum type sugar drier.

green syrup -~ The first purged syrup of a centrifugal
with lower purity.

hardness - The content of dissolved calcium an magnesik-
um salts of water or Jjuice,

higzh syrup - high purity syrup that used for the first
boiling.

interlock - A mechanical or electrical device preven-
ting independent operation of inter-conected equipments,

Jjuice - Any sugar-conteining liquid in sugar manufactu-~
ring process, up to the nelter station /sugar haouse/y

Jjuice purification - Tke process of the possible quan-
tity of impurities from the raw juice.

Juico chember - The space in an evaporator or vacuum
pan for the boiling juice and the vapour gsnerated by is,

knife ~ A splitter for slicing of beets.

known losge - Losses of sugar during processing accoun-
ted for.

lagoon -~ settling lagoon -~ A space for the storage and
setling of wast waters from the processing of sugar cane,

leg line ~ The vertical pipe comprising the barometric
column in an apparatus under vacuum,

1iaipg ~ Treating the raw juice with milk of lime,

1ise kiln ~ A cylindrical shaft-kiln for burning of
line stone. )

1ime salts - Dissolved calciua salts in a sugar suluti-
on expressed as percent Cad by total 4ry supstance.

iiguor ~ A sugsr convaining liquid used for crystallie
sation in vacuum pans.

108ge8 ~ the of sugar in cane or beet processed and odb -
tained as crystalin suzar an as sugar in molasses,

lining ~ cleading /refractory or insulating/

lixiviation - The proces of subsequent bumidification
an squaezing by the extraction of sugar Irom sugar cane.

machin syrup - mixed syrup, when the green and wash sy-
rup are not separated by purging,

magma - A mixture of crystala /sugar/ and liquid pre-
pared by mixing the components, as in affination.
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massecuite - The mixture of crystals and mother liquor
produced in the sugar boiling process.

melt - To dissolve.

@ill - A machine with 3 of 4 rollers used for the ext
traction of raw juice frum sugar cane by pressing. More units
4-6 are assembled tu a mill-plant or tandem one after the o-
ther,

mingle - To mix crystallin sugar with syrup for pumping
or second centriguging.

mixer - A large receiver for a whole boiling with slow
azitator and often with coolin elements,

molasge - The syrup from the last voiling whic is not
suitable for further crystallization. In the cane sugar ip-
dustry all the syrups are colled molasses and the final mo~
lssses as black strap molasses. To avoid aissunderstandings
it 1s recomanded to call the run of of all centrifugals sy-
rup and only that of the iast boiling molasses.

Bother l1iquor - The solution from which crystals ar for-
med /growy/,

sud -~ Jirst or second carbonation's precipitates.

auddy Juice ~ The thickemed rest /residue/ after cleri-
fication of the purified juice.

SMitiple effect - The short expression is sometizes u~
sed for the multiple effect evaporator equipmest consisting
0f 3 = 5 effects or bodies.

ponsugar - Any material present, aside water, which is
not sugar,

pucleation -~ seeding ~ graining The process and opere--
tion of forming crystal seeds.

Rerageter - A quantity or value to which may be assig-
ned arbitrary value,

peptise - To bring into colloidal solution.

RH . pH _value - A measure of acidity.

polarisatiop ~ A measure of sugar concemtration. Pol or
sinply P is often used for she sugarconten of cane or dest
and intermediate products,

plaptation white sugar - Consumption crystallin sugar
of lower qualisy obtaine directly from cane thick juice with-
out refining.

plow - Discharging device




Rlow - A discharging device of the centrifugal basket.

polyploid - multifod

precoat - A layer of filter aid.

press water - water from tke pressing of pulps.

puddle - To make fluid.

pulp - The extracted posettes leaving the difuser.

puUrge - To remov the mother liguor or syrup by centri-
fugign.

purity- The percentage of sugar on total solids.

refractometer -~ An instrument for the determination of
total dry supstance of liquids,

roller table - A roller conveyor used for dewatering
and cleaning of the heet.

sacharimeter - polaris¢opo'An instrument used for the
determination of sugar concentration in liquids.

ree - sieving The separation of oversized and u-

dersized particles from crystaline sugar.

gscrubing - The waching of gases,

8croll - A screw type conveyor.

gseal tapk - The seal on the bottom of e barometric leg
pipe.

gedimentation - The falling of solid particles in liquid.

gseed cane cuttinge - The stalks of cane pleced out for
planting.

geedling - A plant grown from seed.

shredder - A machine used for desintegrating cane beore
extraction.

sight glass - Heat-proof roung glass plate used mounted
on an apparatus for the visual control of processes.

apinping - Purging or centrifuging.

8410 - A storage bin for cristaline, greanulated sugar.

gludge —~ The setled mud from the thickener.

gmear - To produce fine crystals in massecuite, thus re-
sulting in mixed-grain sizes difficult to centrifuge.

goda ash - The technical grade of sodium carbonato,naacoa.

I i
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soft sugar - Brown sugar composed of very small crystals
and relativly high content of invert sugar, keeping the grains
slightly moist,

spindel - A hygrometer. The conecting shaft betveen the
centrifugal drive, or pulley and basket,

sprangled - having many roots.

stocam chest - heating chamber of the evaporator or similar,

gteffen house - Sugar factory using the Steffen process.

steam trap - A device for discharging condensate from a
heating chambe,

gtraight house - Sugar factory without Steffen process.

8tring proof - A method *o deteramine the consistency of
the mother liquor by vacuum pan dboiling.

Sugar beet - beta vulgaris

gugar cape - Sacharum officinarum

SUgar end - refinery The part of the sugar factory froam
vacuum pan bolioing statiom up to the sugar drier.

sucrose -~ Sacharose

sulphur burner - The sulpbur stove an equipment for the
production of sulphur dioxid gas.

gweeten - Introducing & sugar containing liquor to a
supstance or apparatus, replacing the liquid previously pre
sent if any.

2999590 off -.Deswesten, to wash the filter cake as to
TeCOVOT SUgAr.

gweet water - Dilute sugar solution from the washing of
the filter cake or gremular carbon bdeds.

$akipg stoke - The establishment, calculation of the su-
gar contained in intermediate products in the factory carried
out by periodical factory account,

Thermolabile - Unstable to heat.
$hermophilic ~ Heat loving organisas.
thickeper - A claririer, a setlling device.

$hick juice - The thickened juice leaving the evaporator.
thin Juice ~ The purified, filtered julce ready for eva-
poration

shird saturetiop - The sulphitation of thin Juice.




tilting platform - dump platform An unloading device for
tracks and cars.

tandem -~ Ao assambly of 3-6 cane mills for the extrac-
tion of raw juice from sugar cane by presing.

tranp air - ‘the air that enters a boiler in such a way,
that it does not participate in the combustion process, ther-
by lowering the voiler efficiency.

true puriby - Ihe percentage proportion of true sucrose
to total dry supstance, Jsually sucrose is determined by an
inversion method, and total dry supstance by drying.

tube_sheet — The perforated top and bottom plate of a ca-
lapdris in which the heating tubes are mounted.

twin - A compuond crystal composed of two or more cry-
stals in reverse position to each other.

wash syrup - white syrup ime second run off purged after
washing having higher purity.

water bammer - rhe stresses in steam chest and steam pi-
pes caused by mixing of steam with condensed water.

yepor - fhe stean derived frca the boiling juice.

36014t - A hydrous ion-exange material,
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2e00 PION 3zl OF SUGAR PRODUCIION

2.0.1:Growinz of sugar cane /sugar beet/

fhe main features of the zrowin; will be discussed in de-
tails in the section 3.l.1 and 3.2.1. so taere is nototning ad-
ditional to be discussed. rhe cane and beet are received and
unloaded at the"factory site" the place is"named"cane yard" or
"beet yard".

2.0.,2, Processing of suger cane /sugzar beet/

’he processing of sugar cane and of sugar beet are in ge-
neral very similar /differi-; only in some technological deta-
118/ so it will be possible to discuss the flow sheet of proces—
sing for both simultaneously on the Dasis of sugar cane proces-
sing and markirz the dirferences of the sugar beet processing.

2.,022.1. Extraction station

Preparation of the cane /beet/ = The cane is supplied to
the factory mechanically by means of carriers and "feecin; tab-
les" oein; washed and freed from extrancous materials. [he be-
ets are commonly supplied hydraulically, oy “flunips" with a
water flow through the "fluming cenals" or “flums".

‘fo maka possiple a rapid and efficient extraction ol the
sugar the cane is cut into pleces by means of revolving "cane
knives" and desintez.,ated by means of "shredders™. {he beets
are sliced into "cosettes" or "chipps" by means of different
types of "beet slicers".

sxtraction of sugar - [he desintegrated cane i3 extra~ved
by repeated "sqeezing" apd"imbibition" /"lixiviation"/ oy means
of a set of “crushing mill" called "mill tanden”" of "tundea" or
by diffusion i.e. countercurrent leaching by water in a conti-
nuous "diffuser”. ihe beets, cosettes are extracted exclusive-
1y by “diffusion™.

8y the extraction are oovtained nrow juice" /crude juice/
look by weight of cane /1154 by weight of beet/, and axhiusted
"bagacilo” look by weight of the processed cane /“Ireshb pulp"
or "exhausted pulp™ 704 by weight of the processed beet/
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Z,0.cece Juice purification srtation

Mne row juice ouzht to oe purified as to eliminate the po-
asiole quartity of "impurities® "nonsugars" /dissoved inorganic
salts and orsanic aostly colloid matters/ as to make possible
the nroduction of a"%hite suga’ at the later crystalization,

fne cane row juice is "purified" by sulphure dioxid gas
"sulpidtation process" or by lime milk and carbon dioxid-gas
/carbonation process/. Sugar beet row juice is purified only by
ncarbonation method". Ime nrecipitated mus /containing crysta-
lized JaSQ, or CaOO3 and a part of the impurities/ is"thickened"
to nmuddy Jjuice and separated from the '"clear juice" for easier
filtration and "sweetening off".

"Dhickeners" /"clarifiers", "settlers” or '"decanteurs'/
and "vacuum drum filters” are used for this operations.

Finely, after filtration "fine filtration by a"precoat
type filter" /Yleat pressure filter", "candle filter","filter
press"/ the clear, brilliant "thin juice" 1s obbained 1lo5% by
weight of cane, 1300 by weight of beet.

7.0.2.5. divaporation and thick juice sulphitation

To obtain crystaline sugar from the purified thin juice it
ig necessery to evaporate water from it. This evaporation is do-
ne in two stepss by "evaporation" and by "crystalization'". AC
the evaporation the thin juice of 11-14°8x density is concentra-
ted in the "multiple-effect evaporatcr" or simply "multiple-ef-
fect" to "thick juice" of 60-66°Bx density.uIn the cane sugar in-
dustry the obtained "thick julce" is called "syrup" wat is mis-
leadiny, therefor not recomanded. lhe quantity of thick juice is
about 24% by weight of cane, 31% by weight of beet.

The subseguent thick juice"sulphitation"/treatment with
30,-pas is very important as to obtain sugar of "high whiteness"”
and to make easier the pan boiling and centrifuging process.

#ithe the evaporation station ends the first part of the
sugar factory called "cane end" /beet end/. The second part is
called suwmor end /or sometimes refinery/
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3,0.2.4, Crytalization station

3y this term is understod not only the process of crysta-
lization of sujar, out the whole proces o. the producticn of
white,consumption sugar from the thick juice i.e. the whole su-
gar end. It consists of the"pan-boiling station" and of tne "cen-
trifugal station which can't ve strictly devided concerrign the
technolo;ic sequence, o obtain a white suzar of a ¥ood quality,
and hihest guantity the "syrups", '"run oifs" or "molagsse" se-
parated from the "massecuite" /mixture of suar crystals and
nother liyuor obtained oy "boilinz", crystalizasion in che "va-
cuun pans"/ oy centrifuging, "pur ;ing" is used for voiling of a
"lower product" /lower boilin;, lower vgtrike"/ i.e. masseculte
with lower purity. on the other nand,"intermediate suzar" ousht
to be recrystallized by melting with condensate or thin julce
and renewed boiling of the obtained "high purity liguor". All
thic processes are carried out following a more or less compli-
cated "poiling scheme" depending on the purity of the thick ju-
jce and on the desired quality of the''consumption”, 'shite su-
sar".

The syrup purged from the last "ow row boilin" massecuite
i3 of such a lowv purity, that it is not suitable for further
crystalization, and it is called molasses /blackstrap molasses
by cane/ and it van be used for different purposes. 3y beet su-
zar manufachurinsg a desuzarization is supposed and presenteu,
by cane sugar manufacturing eslcohol prodaction from molasses
ig presented, Ihe use of the expression "molasses" for the run
offs from the centrifugals is misleadin;, confusing and very in-
convenient, it would e avoide.

It is difficult to quote strictly the dates for the inter-
mediate products of the sugar nouse without sthorough calculua-
tions on the basis of stated 1pcal conditions and parameters.
However the main datas are given in the cgraphic flow sheet e-—
stimated on the basis of experiance. 30 for cane sugar manufac—
turing the yield on white sugar is eatimated to be ll.4h by the
weisht of the processed cane and the same for beet procesing by
wgteffen house" 14,84 depending on the Pol of the cane /beet/




3.0.2%5. Pulp drying station

As the cxtractad "coasettes","pulp"from sogar beet is very
valuable cattle feed it 18 to be dried to preserve its feed va-
lue.

The pulp from the diffuser is conveyed and fed into the"pulp
presses'", The obtaine "press water" is returned into the diffu-
ser as to obtained somewhat more suzar and to avoide serious wast
water proolems, fte 'pressed pulp" is conveyea and fed into the
rotary drying drum. The "dried pulp" is weighed and conveyed /u-
sually pneumatically/ to the "dry pulp" store house, where it
can be sacked by hand or mechanicaly.

fhe Common quantities are : Fresh pulp 7o» by weight of the
processed beet, pressed pulp 3o0% by weitgh of beet, dried pulp
5,6% by wei ht of beet,

%e0e206¢ Lima kiln station

the necessery lime and Coz-gas for the julce purification
/by beet processing{ snd sometimes by cane processini/ is ~ro-
duced in a "lime kiln" at the factory site.

I'he limestone and coke are conveyed into the bunker. lhe ac-
curate "feed misture" is weizhed and mixed automaticaly by f£illing
the bucket of the skip. Lhe discharged lime /quick-lime/ is con-
veyed /sometimes after weighing/ to the"lime-slaker” and the ob-
tained "lime milk" is passed to a large "ripening tenk", Irom
ther it is pumped to the rake classifier and/or to the hydroci-
clons for the separation of "sand" i.e, unslaked particles. The
gand-free lime milk is passed to the factory storing tank.

Ine 002-5“ generated by lime-burning is passed through a
wet gas washer "scruber”,befor the vacuum compressors, to the
dewatering receivers.

3.0.267. Utilization of the molasses

Sterfen proces for beet molasses - he produced molasse 4m»
on beet is diluited in amixing tank by addition of 3om /on beet/
aweet water and passed to the "reactor™ for the precipitation of
calcium sacharate by addition of 2,7% CeO "botd precipitation”.
The mismture is filtered by a vacuum drum filter and the"sacha-

i
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rate cake" is washed simultaneously. Lfhe filtrate is heated and
treated again with powdered quicklime /hot precipitation/. ihe
precipitate is separated by "thickenins" in a "clarifier" and
£iltered on a vacuum drum filter and washed. rhe "wo saccaara-
te cakes are diluited and/mixed /e6% vacuunm filtrate is a.ded
by weizht of beet/ and the obtained %aacharate milk™ %1s by re-
ight of beet is pumped info the"defecocarbonator" replacing the
necessery addition of lime milk.

3
k.
A
§
b
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3, UNID OP.rAlION3 AN UNIZ P CESImd

5ele Boel 3UGAR

A.1.1. 3J3AR BESD FRUWING

5.1.1.1., seneralities - Jugar peet is a member of the spe-
cies seta vulzaris, familiue ghenopodiaceae /gonsefoots/.

‘he 3ugarveet plant 1s gro.m very successfully in the nor-
then latitudes, out there are wany sorts of it adapted to dif-
terent soil conditions, like fhe cold climate of 3wceden, of the
Ca:iadian provinces of uebdec and xinolta or the hot climavic
conditions of ltaly, 3pain ard of Arizona or Imperial Valley in
the U.d. voncerning the temperature a day-time maxioum average
of 21°C and & night minimum avera-e of 10°C are optimal for the
production of sugar in the sugar beet. ihe Jyearly quantity of
precipitates needed i3 aovout 500-660 mm. 30ils above a pH 6,5
are most favorable for the sugarbeet growing, and those belcw
5,2 are ato sultabdle.

Ihe average root yield has reached a quantity of 17 tons
per acre oy & moderm technology of rowing. At the bezining one
can court on lo-12 tons per acre and on a suzar content Pol of
15,5-10,5.

3,..1.2, Jeed production - For developing of a home grown
seed production many jyears of systematic work are necessery. Jn-
zi1 than seed material 1is to be purchased from a well known Te-
liable rirm. lhere are sugarbeet sorts with high yleld of roots
per acrz and low sugar content and sorts with low yield of roots
per acre but high sugar content and middle sorts also. vtherwise
some sorts are more resistant to diseases /cercospora-resistent
sorts/ and the others less, ‘nere is one more very important
characteristic of the seed: the common sorts are multigerm ie.
each seed after planted results in several sedlings, which are
later to be eliminatea exept a single plant. dut there are pro=
cesased anonogerm seeds &nd new genetic mopogerm sorts which ere
ased to reduce labor and costs of production.
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3,1.1.3, Planting - [lhe successfull growins anu the yielad
of sugarbeet depends in great part from the preparation of the
30il ie. of the seed bed, The most important factors tnerby ares
crop segquence, depth of plowing, time o plosing, rertilizer
practice and herblcid usage.

wultiple-row drills are used for plarting, which space out
the seeds three or four inches apart iron each other. lhe depth
of seeding depends of the soil quality and varies {rom 0,5-1,5
inche.

Concerning fertilizers the addition of animal manure is ve-
ry important, but in case of limited supply, additional mineral
putrients should be used. vare must be taken ol the balance be-
tween the amount of nitrozen ana other minerals.

5elsle4. Chemical and mechanical control of weeds ~ [0 re-
duce the costs of suzarbeet production 1t is very inportant to
ainimize or eliminat labor and vo do all works by chemical and
nechanical methods. A very important factor is the proper Crop
sequence ie. alter cem certain crops the numvers 1f weed seed-
1inzs is lower than after others.

By using pre- and post-emerjence nerbicides it is possible
to raplace the machine cultivation and hand hoeins. Mechanical
and chemical tools can be cosbined tozether oy different methods
depending cn : the kind of machipery, the weather conditions,
the need of irrigation, the nature of soil, herbicide applica-
thin etc.

3.1.1,5. Qoptrol of insects epd diseaseg - There is & 1ot
of insects and diseases capadble to destroy partly or totaly the
sugarbeet plants. The most isportant soil insects are: cutworas,
wireworms, white grudbs, root lices, garden centipedes, flea de-
etles and root maggots. The follar ipsectes: soworas, leaf mi-
ners, yellow bear camterpillars, Army WOrms, spider mites slfa
loopes and others.

Proam the diseases some virus diseases are carried by ip-
sects like: curly top, beet savoy and various mosaics. Fungal
bacteria cap cause root-, foliar- and seed-borne diseases like:
black root, and the vary dangerous cercospora beticola.
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'ne chemical control of insects a:d aigseagses is cerried
out by diiferent macnires and tools, tae simplier being carried
and actioneu b .ian power and tae visgest oy tractors. inere
are wany canenical agents /plant proteciives, insecticides, fumi-
gants and growtn regalants/ on the zarket under various cowmer-
cial names. Cercospora 1is controllad in humid sections oy preven-
tive spraying at l-2 woek intervals with tribasic cooper fortvi=-
fied witn special cihemical azents. lhere were developed by dif-
rerent sea3d hreeders cercospora resistent varieties of sugarbe-
et what is to de reguarded by purchassing toe seed material.

3,1.1.5, - Beet thinninz - for the optinal growth and the
niznest yield it 1s neceasery to assure a plant pupulation of
50.000 - /5.000 deets per hectare /25~_,0.,000 per acre/, with u-
niform aistances detweszn single bests. As 1O obtain such a desi-
rad "finul stand" it is commonly practiced to plant excess seed

and to thin later to tne wanted final stand. [he methods of

trinning are aifrerent, such ass hand thinning and hoeingy cross
blocking followed DY hand thinning} spring-tine tools used seve-
ral times at an angle %o the beet rowj and fipaly the labor sa-
ving ana 108t acurate clectronmic gelective thinning. .

’ne newly developed mono jera saeds can eliminatie the thin-
ning, out it requires precise soip preparation, precise seed
arills combined witn nerbicice and insecticide distribution.

5.1.1,7. = Irrigation - Jhe need and method for irrigation
of sugarteets 1is aiffarent from producing area to producing area
dependi~ - mostly on temperauture, type of soil, smmount of slope,
anount of rainfall and lenth of growing seasol. Freequent, light
irrigations are mor useful than haevy, infreequct waterinis. Dew
ficiapt moisture in soil decreases the crop growth and finaly the
suzarbeet yiela, ouf overirrigation can De narmful .awell aireved
s0il is also necessery for the normal growth of sugarbeet. The

+xcess of soil water must pve Grained.

Irrization with furrows between the rows is common. Pump ir-
rigation systems with rotary sprinkles are also used, to avoid
the expenditure 10T leveling the field. Une of this systems will
cover 40 - 70 hars.

1}
|
|
|
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».1.1.8, darvestigs and transporting - unly the clean roos
of the sugarbeet are suitable for processing. Pherefor not only
the soil particles and weeds as cast off ought to be separated
from the beets befor delivery, but the leaves and beet tops al-
ag. / seet tops are not suitabple for the extraction because of the
low sugar content ard high noansugar content, put they are very
useful livestock feed/.

he harvest can pe done "by hend" prougning out the rows
of sugarveets and the gin;le beets are afterwards vaken in hand
cleaned and the tops are cut off with s special knife, scalper.

Now-a-day there are many typ2s of 3004 root harvesters. One
averaze—-sized machiv. can replace 25-55 workers in the hand ope—
ration. ihe types cf harvesters vary from the single-row machine
fitting the needs of a small “fanily sized" operation, the gro-—
wer doing only the narwesting of his own not extended acrage,
through the two-, three-row machines up to the bigzest six-row
narvesters suitable for the largest size operation. At the pre~
sent time the two-row harvesters adaptable from 50 to 795 cm row
space are in wide use.

A good harvester ousht to have the following features: To
do /cause/ little damage to the beet roots dy & satisfactory top-
ping of them. - 7o take miniman of extraneous materials with the
beetroots. - To be cpable to load the harveated roots into trucks
or to collect them in a tank and to unload afterwards in trukcs.
Yo be simple in construction and easy to handle and maintain.

The method of transporting depends on local conditionn. Apni-
mal drown carts are suitable only to supply small factoriea. Though
even if the harvestiny is done by hand pechanized transporv is re-
comanded.

For direct transporting of the beets to The factory tractors
with carts or special trailors are used, which can enter in the
fields in wet weather. ror larger distances co.ntry piles are for-
ned at tLe intermediate receiving stations and from there the be-
eps are transported by large transporting units camions with trei-
lors up to 25 ¢ capacity each.

Railroad transporting if not the most asuitable, can be used
but water-way trapsporting is not to be recomanded.
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5.1.1.9. Receiving and storage of sugar beets

3,1.1.9.1, Generalities - lhe beets are received and paid
on the basis of net weight /the roots free of extraneous mate-
rials and properly topped/ and very often on the basis of suzar-
content too. Lhe physical and physiologycal condition of the be-
ets ought to be controled by sight at receiving and discharging.
Sugarbeets are very oft stored for a longer or shorter period
depending on the local conditions. In the northen latitudes /Ca-
nada, sermany, Sweeden/ the procersing of the beets is not to Dbe
commenced until the sugarcontent of the beets has not achieved
its maximum /its technological maturity/, until the frost perios.
A great part of fhe crop is therefor stored in long-term stara-
ges for a period of 60-90 days. In mild climate areas the beets
are stored only for 3-5 days, as a buffer quantity, to avold tem—
porary shutdowns of the processing in case of longer rains. The
narvest is carrisd out paralel with the processing in this case.
Under hot climatic corditiona the harvested beets get so rapidly
damaged, that they have to De processed not later as 24 hours af-
ter harvesting.

2,1.,1.9.2. Weighing + [wo balances of adequate capacity are
pecessery capable to weight two transport units each /50-60 t/
By the first the loaded cars Junits/ are weighed and by the se-
cond the empty units eventualy with the geparated dirt and trash.
The first dirt is determined by the difference of the two weights.

%2.1.1.9,.. Sampling and antlysing - Though the sampling can
be done by hand, for more accurate and more reliable sampling a
mechanical sampler is needed. By dry unlcading it is a pan moun-
ted on an arm so that it passes through the stream of falling be-
ets and takes the necessery quantity of sample. By wet unloading
a separate machine s needed with a sounding tube which is forced
into the besets /mass of beets/ befor unloading as to teks the ne-
cessery quantity of beets and dirts.

As to determine the second dirt the beets from the sampler
¢re weighed, cleaned, derowned /tcoped if necessery/ and weighed
again. The difference of these two weighings gives the second
dirt.
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ihe determination of sugar content of the beets is carried
out by a completly automated Tare Laboratory Lquepment which re-
quires high first costs. It can be done also by classic non au-
tonated equipment wkich provides mor labor and the capacity is
limited on a fewer number of samples.

3.1.1.,9.4, Dry unloading and piling - vischarching of the
transportinz vehicles ouzht to be mechanized as to be able to
supply any larger factory and to deliperate the venicles as so-
on as possivle. iMovaole and stationary tilting systems are used
for dry discharging and piling, consisting of one or more til-
ting platform, receiving hoppers, elevating conveyors, dirt scre-
ens, samplers, a horizontal conveyor and a movable piling boom,
stocking the beets into the pile, uMovable dry pilers are very
suitable for discharging and piling the beets at "country piles?
Stationary dry piling systems are in wide use for factory site
storages. [he beets are less cleaned and less gently handled by
dry methods. The shapes of the piles depend on climatic and o-
ther conditions. Usualy the pile has & base width of oo-40 m,
e top width of 40-20 m, and a hight of &~8m. The method is sui-
teble also for discharging railcarts.

2,1.1.9.5., Wet unloading and piling - [he beets are unloa-
ded trom trucks, trailers or railcarts by water Jjets directed
by nozzles with electromotoric drive /sometimes by band opera-
tion/. ©They fall with the water in a wet hopper and are flumed
/carried away by the water/. Ihe flumes /fluming canals/ are ve-
ry suitable for mounting more efficient cleaning devices on them
than used by dry unloading, as:

The beet feeder

e stone catgher

I'he trash cachers /the nececsery number depending on the
quantity and quality of trash/.

Dewatering screen

All this devices will be discussed later, at the prepara-
tion of the beets for extraction /3.1.2.1.1./

Phe elevation of the beets froa the dewantering screen lo-
cated often deep in the ground is carried out by inclined drag-




chain conveyors and the furthsr transportation by suitable belt
conveyors., i‘he pilinz of the beets can be done by a movable bo-
om mnounted on a reloadinz car moving zlong the central belt con-
veyor, receivin; the beets from it and passing thea to the pi-
ling boom. ‘he beets are stocked in tlat slab storages ooth si-
des along tne central conveyor to a hight of 5-lo m depending on
weatner conditions.,

A more suitaole equipment is the pilin; bridge especialy
for lonz term storage. un the bricge moving over a larze flat
slap storass of So0-70 m width and 150-500 m lensth are mounted
the "central belt conveyor" witn the movable raloading car car-
rying the piling boom wich ¢ 2 be inclinea close to the "ground"
and elevated up to & maximun piling hight of lo-11 a,

By wet discharzing asnd pilingz the boets are far better cle-
aned and somewhat sentlier hiundled, therefor it is mor suitable
for a long term storage if not irdispensable. rhe methoa is su-
itable for discharging railcarts but the beariugs of them are
to be protected therebdy,

3,1.1,9.6. 3hort term storaze - It serves for the contiu-
ous supply of the factory. iormaly it is a flst slab storage bu-
iit of concrete, lLocated at the factory site, [itted sith the
necessery equipment for unloading;, cleaning, transporting amnd
piling of the beets and with fluming canals for for supplying
them to the factory. lhe flume canals ought to have a smooth
surface, adequate descent /fall/, and ouzht not to be covered
with steel-, wooden— or plastic plutes., sach part of the stored
beets ought to be possible to supply to the factory independan-
tly of the piling sequence. rlat slab storages with independent
compartments and with larje free surfaces of the plles expoaed
to natural ventilation are therefor mor suitable than the long
beet-flumes built qesp in the ground. Country piles are simpli-
er, loaded with movable ary pilers and by emptying frontloaders
are usea for loading the transportingz units.

5.1.1.9.7. Lonz term storage - The large flat slab storaze
pluce,ougnt to ve located at the factory site as to make possi-
ble an easy anu constant control of the larze quantity of stor-
cd beets and s direct supplying ot them to the factory by flu-
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uing instead of a mechanical transporting ~ith a lar;e nunber

of loading and transporting units, It is rittea with reliable
unloaaing, cleaning, piling and conditionins equipment tor the
peets. the later is indispensable as to save the gJood handle-
ability and processability or the beets ana to oring down the
sugar losses durirg the lon:; tize of storage. 3ystems of blo=-
wers with ventilation ducts /of steel tubes or concrete/ are
used to blow cool night air thouzh the beets in pile as to co-
ol them down near to 1°C. For an efficient coolin: overnight
tenperatures lower than 6~8°C are needed. Cool vater is injec-
ted sometimes befor the blowers as to keep the relativ humidi-
ty at a necessery hizh level to avoid the draining of the beets,
1n very cool climates it is useful to cover t:ie sides of che pi-
les with plastic foils or similar to protect the veets froa fre-
ezing. riowever by a very big unic pils the relativ surface expo~
sed to freezing is small and the demages caused by freezing are
not so dangerous as oy saall or thin piles.




Zelece PROCS,LIN: UF 3UZARBuaTS

Selec.ls axtraction of suzar

2eleceles 5pplyirng the neets to the factory

fne coamon ard most econonic method for supplyinz the be-
ets to ine factory is by {lumin;. i he beets are tearea down from
the nile by casy to handle nozzles producing a water jet of abe-
at ¢ kp/crnd pressure, into the tlumin; cnals conducting the mass
of heets ard water to the factory by :ravity. 4oo-600» of water
by weight of the bests are necessery for this transportinz. The-
re are other methods for transporting the beets to the factory,
‘hicn can all be treated as a solution for special local condi-
tions. un the way to the factory, along the flume are located
the folowing devices:

Cut off gate - sServes to stop the stream of fluming water
and beets in a case of emergency.

dseet feeder ~ Serves to secure the uniform stream of flu-
ming. Jne verticul oscilutin, gute is preferable to the radial
3poke teeder,

{frasih ‘:atchers - [his devices are nec:ssery in sufiicient
/aboundant/ number and capscity. nake type devices, with coun-
tercurrent moving rakes mounted on endless chains, catching and
carrying leaves, weeds end grass from the fluming mass and dis-
charsing them over the ground .

rnock catchers - Une or more devices are necessery depen-
nding on the cuantity of stones brought with the beets. There
are different typee ¢f rock catchwer.  tl'+ wiparaticr of stones
and other extranecus pieces is udone by all of them by annupward
water stream of regulable velocity;. rhe chain rock conveyor bu-
ilt in ousht to pe relizble and safe in operation.

jister zute - serves to stop suplying of beets without sto-
ping the stream of wster.

deet pump - jerves tfor elevating the beets with the flume

water which arriv~s to the factory at a deep point under the
coundto tae suvseyent wasning and slicing. Lne wost suitable way
i3 to carry out this in one operation by means of a beet pump.
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viftiug and uewatering weels comoined with bucket elevators a-
re not recomanded. i

vewatering screen - after the beet pump the beets are se-
parated from the flum water and dirt by on: of the diftersn ty-
pie of C¢vatering screens like: multiple cicker-, multiple 3. ue-
re foll-, spiral nip roll- or viorating sitter scresn. Jhe vip-
rating screens have some advantages demajing less the beets wund
retainin. more beet pieces. all this devices car be suppl¥ed
with a system of nozzles to rinse the beets as finzl wasning.

Beet wasner - To remove adherent dirt and extraneous mate-
rials from t.e beets befor slicing and procesing they ouzht to
be washed, ie most common device for this is a paddle washer,
consisting ¢f a horizontal lons tank with double conic bottom
/The inner perforated/ and with a lonje horizontal shart, eqip-
ped #ith propeller paddles of steel which azitate snd move the
mass of beets to the outlet end, wher the beets ar lifted and
moved /discharged/ fron the washer. An efficient stone catcher
is the integral and essential part of tae washer.

Jewaterirg screen - 3inilar type as beior washing is used
for devatering and final washing what is very important to re-
move the bacterials of the soil.

3.1e2.1s2. 3licing of beets

Yo make possible the sxtraction of sugar the beets are sli-
ced into "cosettes /or chi, pps/. Knives with V-coruzated edzes
are commonly used for slicing with different "division”" to ob-
tain finer or thicker eosettes, [here are left and right knives
after the sense of rotation of the slicing tnble, and also A and
B knives, iwo knives are fixed in a "block" for an easy and ra-
pid change of them. There are beet slicers with revolving sli-
cing table with the bloks and slicers with stationary slicing
table /knives/ and revolving drum /beets/. 3oth pypes can Sive
a Zood performance. [he slicer ousht t%to have a reliable safety
acceasory for self stopping when an extraneous body arrives to
the knives, ‘ith adequate doors and auxiliesry smell motor tor
low speed =t cleanin; and changing of the knives, lhe knives
oy a rotary drum slicer can be chanzed in march. At least half




of the slicers ousnt %o o5e with variaci: irive /revolatiorn/ i.s.
variuole capicity. ['h=» capacities uf 3licers ur of 750-5000 tons
0of osetl er da;.

i‘he auxiliary wacnines stool/ tor restoring the kuivess

otraigntening macnipe

nouting macunine

rilinz machine

5.1.2.1. 5. Veignin: of cosettes

as to waintsin a contipuous ana unitora [low ol processing
belt-conveyor scales are usea with measurin;, registrating and
countin; davices, 'ne scales ouzht tc have & lar er capacity
than the muxizaum of processing.

30 1 020 3, . “o .a)‘:traction
5slecelewel, aoneralities - ne suzar is extracteu from the

cosettes by leachin; with hot water in countercurrent process ca-

lled "diffusion” by e uipment calleu "ditiuser",

[ne main requireanerts on a Jdiffuser ar2: to extract the pos-
sinle maximur: of 3uzar and tShe possiovle ni-tamu~ of other sudstan-
ces “"impurities" or "non sugars" as t, oovtain a row juice of high

purity. o do it with few water audad "lo. draft", securinz un-
favorable conditions for microbiological activity oy suitable
coustruction, operuting vempereture and ef iciant desinfecting
device, vitnout demaging the extracted cosettes '"pulps" oy over-
neating. short retention tiane ooth for cosettes and juice i3 re-
quired., The pres; water from tne pulp presses ought to be recu-
;erated, reneated und reused in the difiuser. rhe diffuser ouzht
to be capabla ior processing oeets of different quality /fresh,
alterated or even frozen baets/,

'he patch type diff.ser the classical "Robart battery" 1
10t suitable or a modern processing pacause ol the hizgh amount
of laoor needed and hbecause of the hizh azmount of wast water it
oroduces and can not rake back.

vele2.le4eds 'he xols urum Diffuser - It consists of a re-
volving aruz sevidea in compartmeuts with couveying elements of
cosettes., rhe main characteristics of this equipment are: short
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retention tize OI tne Juice, there are no 4OVin; parts insiae
“he drum, easy o eratiou and repair. aizh adaptability to vary-
ing extraction capacities, low drat of the diftfusion Juice, he-
atir.; of the cosetres by reheated juice, large dimensions of

i tne drum lzrge space for location. Unit capacities froam 8oo -
4800 touns of beet per day.

s RN -t

TR

5¢1l.21l.4.%, [he D.d.3. 3lope Ditrfuser - It _.on3ists of
an inclined trouzh with two intermeshing scrolls for the tran-
sport orf the cosettes /which enter tha diffuser at the lowver
end/ in countercurent with the fresh water and the press water
wnich enter at the upper end . nd flow uown through the mass of
cosettes., vThe main characteristics ot this eyuipment are: soar-
3e cosettes needed, lonyg retention time or the juice and coset-
tes, & tull or forced capacity processing is required for goed
performances and troubl:zlss overation, simple construction and
operation, easy maintenaince. neating of the cosettes by steanm
jackets, unit capcities from 1500 - %00 t b / day.

EE—

5.1.241.4.4, The V.de3.-311lver 3lope viffuser - It is in
general mecnanical construction very similar to the v.d.s5 diffu-
sion mentioned affore. aowever from the technological wiew it is
airferent. The main characteristics are: very fine cogsettes are
neede /well trained operator/, very short retention time of the
Juice and of the cosettes, low draft of row juice, cocl diftu-
sion juice, full ore forced capcity operatin is required for a
good performance, simple construction end easy maintenance and
operation. neatinz of the cosettes by steam jackets., unit capa-
cities from 1500 - %000 t b / day.

3ele2s1ls4,5, ihe iower viffuser - It consists of a horizon-
tal cosettes mixer /closed trouszh with transporting and mixing
scrol/ in which the cosettes are "scalded" with hot juice and
pumped into the bottom of the diffuser-tower in which the lea-
chinz out of cosettes takes place. The fresh water and press
water are introduced at the upper pert of the tower. he main
characteristics are: good adaptability to cosettes of differsnt
guality and to aifferent capacities of extraction /operation/, low
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draft o the diffusion juice. ror the heauting ol cosetes rehea-
ted juice is used., Unit capacities from 1500-6000 t 0 / day.

Phe ve 3met viffuser - Lt consists of a horizontal screen-
belt conveyor on which the preheated cosettes /in an inclined
trouzh/ are moved in a layer and are simultaneously sprayed
wtih reheated juice by a system of juice distribution pumps.
The couled row juice is drown from the scalding trov . Fresh
water is sprayed on the cosettes at the end of the leaching and
press water a bit later. The velocity of the scren conveyor can
be varied., For a good efficiency fire cosettes are required and
not a low draft.

Auxiliary equipment for the extraction:

Fresh water sulphurer is the most suitable device for a~-
cidifying the fresh water using liquid sulphur dioxid. culphu
dioxid can be produced at the factory by burning sulphur in sul-
prur burners descrived later /..2.2.2.7. Preparation of the sul-
phur cioxid gas /. Sulphuric acid and hydrocloric acid are less
suitatle.

Press water depulping devices - the commonly used device
now a day is an arch screer so called D.3.M. screen simple in
construction /nc moving parts/ easy to operate and maintain.
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S5¢1l.2.2. Julce purification

3¢l1e2.2.1. Generalities

There are several methods of juice purification all based
on treatening the juice with lime /liming, defecation/ and on
treatening with Uoz-gas /carbonation, saturation/. lhe main de-
mands on a good purification method are: to produce a thin jui-
ce of high purity and good thermostability i.e. a juice which
will not change its colour and pid-value during the subseguent
evaporation, to produce a mud, muddy juice easy to setle and e-
asy to filtrate. The method and the equipment for the juice pu-
rification ought to be suitable for processing alterated, dete-

riorated and frozen beets eventually with some mcdifications of
the standard operation.

2¢1.2.2.2. Preliming

the elevation of alcalinity, pn value of the Jjuice ought
to De executed progressivly, without local over-alkalizations,
as to make the dissolved colloid materials ready for precipita-
tion and adsorption on the surface of carbonat particles which
returned by recicling a part of the precipitated calcium carbo~
nat i.e. thickened juice /sludie/. A very suitable stepless pre-
limer is the "brieghel wiiller" type, a horizontal u-shaped trough
with six or more compartments and a horizontal paddle agitator.
The alcalizing agents milk of lime and thickened sludse are in-
troduced at the opposit end to the row juice input. A desired
amount of it is conveyed backwards in countercurrent to the ju-
ice by means of adjustable deflecting baffles. iequired retenti-
on time 15 - 20 minuts.

3¢le2.2+3. Defecocarbonation |
By this method both agents lime milk and CO,-gas are added %

simultaneously. A Vvery suitable equipment is the one consisting

of two vertical sylindrical tanks. The gasing takes place in the

bigzer one with the additon of sacharate milk, the smaller one

| serves for mixing of the heated prelimed juice with the recircu-

lated gased juice by means of a recirculation pump with a rate

of 80o% by weight of the row juice. The carbon dioxide gas is




- 28 -

intpoduced by a control valv:z actuated by the automatic pd con-
troller. lo obtaoin 1 good utilization of Joa-gas a carbonation
coloan /juice level over the gas distributor/ of 5 m or more is
required. i part of the carbonated juice is taken befor the re-
circul-tion pumpm and sent To the sudbseguent thickening.

3,1,2.2.4, ihickening /Clarrifyirz/

dechanical thickeners /clarifiers, setlers/ are the most
suitable types, corsisting of -4 cylindric compartments one up-
pon the other separated with conic bottoms. szack compartment
works as a separate unit type thickener receixing the juice from
a common distribuiting tank, and discharging the thickened mud
and clarified juice by two pipes common for all compartaents.
fhe precipitated mud is moved to the center of each conic bot-
tom by raking mechanisms mounted on & common shaft. 'he reten-
tion time of the juice in the thickenmer ouzht to be as short as
possible , not longer than 60 minuts. 1t can be shortened prity
well by using floculating agents /carefull preparation and fee-
ainzg of them is essential/

3,1,2.2.5. 3ludge filtration

It is carried out mostly on vacuum filters, rotary drum :
filters, removing the juice and sweetening of the lilter cake in |
continuous operation. 'he drum ought to be covered with a sui-
table filter cloth. The sugar content of the wast cake should
not be higher than 0,8%. The necessery vacuum for this filters
is obtained with special vacuum pumps of the water-ring type,
coabined with a barometric condenser. A direct filtering of the
first carbonation juice on filter presses i3 not recomanded be-
cause of the high amount of labor required and difficulties by
sweetening otf the filter cake.

3,1.2.2.6. Liming

The liming is carried out in a cylindric tank fitted with
an efficient stirrer /impeller type/ as to secure & upiform al-
calinity which is indispensable for a trouble free work. Liming
ought to be fitted with a by-pass pipe as to be excluded alter-
nativly. hecessery retention time 3 - 15 minuts,
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5¢le242.7. Second and intermediate carbonation

luey are carried out in cylindrical tenks /carvonators/
with countercurrent Cuz-gas distributor and automatic pH con-
trol regulating the irntroduced gas quantity. It is advantageous
to remove the sludge by = clarifier after the intermediate or
adsorption-carbonation as to obtain a thin juice with light co-
lour and good thermostability. For & good utiljzation of the
Coa-gas & carbonation colomn of about 5 m is required.

>+1.2.2.8, Thickening

The sludge of the intermediate or second caroonation jui-
ce setles very rapidly, therefor a clarifier, thickener of ve-
ry small sizes, with a retention time of 20 min is sufficient
to remove the sludge wich is recycled to the preliming and to
obtain a clear juice.

3.1.2.2,9. Filtration of second caroonation juice

this filtration must be carried out very carefuly oecause
the obtained thin juice is passed to the evaporators. ror this
operation "plate and frame presses" can be used, but because
of the discontinual method, necessery amount of labour they requi-
re and high cost of filter closhes, pressure leaf filters are
prefairable giving also more clear juice. fhis type of filter
consists of a tank, horizontal or vertical, with screened disck
"leaves" which ought to be cowered also with a filter close of
feliable quality especially when vertical "lemves" are used,
. The discs are precoated with a thip layer of filter aid befor
evry cycle., It is very important that the filter has a relialbe
and efficient internal oscilating sluicing mechanisme. The slud-
ge from this filters can be returned to the vacuum filters %o
desweetening.

-

Auxiliary equipment for juice purification

Juice pumps ~ centrifugal pumps of suitable typs.

sMuddy juice pumps - pumps of special type are nesded as not
to destroy the large flocs /centrirugal pums with large canal im
pellers and variable revolution or volumetric pumps/.

lime milk feeder or a suitable and reliable type.

Prefoat preparing equipment for the pressure leaf filters




5.1.2.2. wvaporation and thick juice sulphitation

5¢1.2.5.1, ieneralities
sy evaporation the thin Jjuice of 1l-14 Bx density is con-
centrated to thick julce of 58-66 Bx density in a multiple~ef-
rect evaporator. A quadrouple-effect evaporator consists of fo-
ur anit evaporator oodies /effects/ and only the first efiect
neated with c<¢xhaust steam from the turbine, the second boay
is heated with the vapour evasorated in the first body, the >rd
voay with the vapour evaporated in the second body and so on,
other heating qevices like preheaters /heatexchangers/ for wa-
ter and juice, are heated with vapour of an adequate effect.
The last body is operated commonly under vacuum the vapour o=
uttut beinz conjuncted with e barcmetric condenser. The thin
juice is preheated befor entering the first body.

[
[¢]

2.1e2.5.2. The Robert evaporator

The main requirements on a multiple-effect evaporator are:
short retention time of the Jjuice, small temperatur differences
betweer the heatiny vapour and the juice evaporated. [here are
many types of evaporator bodies, but ior & newly ecstablisheu su-
gar tactory the calandria type, "Robert" evaporstor is the most
suitable as the most =imple in construction and in operating.
It has a vertical cylindrical shell with dished bottom and head.
"he calandria type heating chamber consisting of a larse verti-
cal tube bundle, located 2t the botom part has a large center
tube well "downtake'. An essentizl part of the evaporator body
ig an efficient and reliable separator for juice dropplets "en-
%rainements", mounted at the head part. Tor a good efficiency
a2 careful removal of the condensed water and of nonconconden-
sable gases "ammonia" is indispensable.

A quadrouple-etrfect "Robert" evaporator is recomanded
with the fourth body under vacuum, with evaporating tubes of
steel, with sesled downtake and with manually operated valves
for guice level control.

auxiliary squipment for the evaporator station:

nin julce tank ousht to be of large capacity 50-uomj.
sondensate puaps of special type for hot water.
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Juice neaters as described at 5.2.2.3.1.

sondensate recuperating system /receivers with level con-
trollers/

darometric condenser with waterring vecuum pump

Accessoriess lhermometers, manom:ters, safety valves,

2.1e245.3, Thick juice sulphitation

Sulphitation, treating the juice with supphur dioxide, is
a very essentisl operationenabling the production of airect
consunption sugar with hish whitness and easier boiling and
centriruzing. It is carried out in a vertical tube-shaped sul-
phurrer made of normal steel with a sulphur dioxide distribu-
tor of stainless steel. The soz-gas feeding is to be control-
led in accordance with the juice flow rate or with the pH-valu
of the suljhured juice.

5.1.20.44 Crystallization

3elecdeltels Generalities

The final step of the sugar production is the crystalliza-
tion and centrifuging. rhe crystallization is carried out in
vacuum boiling pans by concentrating the Juice ie liquors, sy-
rups to oversaturation. [o obtain a white consumption sugar of
a 200d quality and in hiza:ct possible quantity the intermedi-
ate and low sugars are remelted and recrystallized. ihere are
many different crystallization-, boiling schemes used depend-
ding on the quality of thick juice and on the quality of sugar
required. A very simple and commonly used "three boiling" sche-
me is recomanded described in the chapter rlow sheet of beet
sugar manufacturins 2.1.

Ihe main requirements on a boiling scheme are:

[o secure a standard, constant quality of consumption su-
;ar, even by changeuble quality of beets ie. of talck julce.

o secure a standard, constant guality of final molasses
/low purity/ ie. a good exhaustion of it.

To secure high yields on consumption sugar ie. low los-
ses, by & straizht ana quick e.iminetion of nonsujars to the
final molagses.
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3ele2e4e2s Yacuum pzn boiling station

T'he crystallization of suzar is coamonly carriea out in
batch process, in vacuum pans similar to a Robert evaporetor.
‘he czlanaria type steam chest, with a larze central aownteake
is the simpliest and still very erficient one. It is advanta-
zeous to have a minimum ratio of seeding volume to the final
strike volume , by which the hight of the mass:cuite above the
callanari= shculd not be mors than 1600 mm as to assure a good
circulation. as the boilinzg is carried out under vacuum the pan
oelt must pe stronz enough for a long time work. rhe vacuum
vent must assure a fine regulation of the vacuum and ought to
be easy to handle like the discnarging vent too. ithe can be ac-
tioned pneumatigsaly or hydraulicaly. An efficient and reliable
catch &ll built in is indispensabie and an additional large o-
ne is very useiul esrevialy at the aizsh boiling pane Forcea
circulation of the massecuite by an impeller is very helpful
at the low row pans but is not indispensable. Pan capacities
of 40-50 t of massecuite are the most suitable.

3,1.2.4.2.1, wassecuite treatment

kixers, U-shaped tanks provided with slowly azitating
agitators combined with cooling and heating coils are used for
receiving and further treatment of the dischcrged massecuits.

Por the low row massecuite /last boiliug/ a crystllizing
buttery, consisting of for or more crystallizers /U=-ghaped
taks with slow agitator provided with special cooling elements
dommon ;1y discs/ as to secure a maximal possible exhaustion
of final molasses by further crystallization. Retention time
of massecuite in the battery varies from 56 - 48 hours. [he
massecuite is cooleu down successivly to 40°C and for the fol-
lowing centriruging it must be reheated to 50°C in the last
tank and in the distributing screw over the centrifugals.

3,1,2.4.2.2. Liguor riltration

A careful filtration of the liquor used for boiling the
firat-, A-massecuite giving the consumption sugar /standard
liquor, high purity liquoxr/ is indispensable. The filters o»
ught to remove all suspended metter and to produce a brillant
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filtrate. ihe use of filter aids in form of & precoat is in-

dispensable and it is very useful to Iced constantly an addi-
tional quantity of filter aid into the liquor tc be filtered

by & reliable feeding device.As to facilitave the riltration

the liguor ouzght to be preheated to 90-93°¢,

Filters with horizontal filter elements are safe from de-
mazes of the precoat layer, so more reliable in work. dorizon-
tal leaf pressure filters sre the most sultable, thouzh other
types /vertical leaf pressure iilters, candle filters, filter
presses/ can also be used.

Sweetening off the discharzed filter cake can be carri-
ed out on s separute small vacuum filter or a filter press,

3,1.2.4,2.>. Barometric condensers

They are vertical recipients with downtake seal tubes of
the necessery lenght and with couling water distribuiting sy-
stem. The noncondensable gases are carried away by vacuum punps
of water-ring type. Bach group of boiling pans ought to have
his own condenser /if not each pan/. The last body of the eva-
porator can be attached to the low row boiling condenser. The
vacuum drum filters ought to have there own barometric conden-
ser and vacuum pump.

3.1.2.3., Centrifugal station
Centrifuging, purging by which the separation of the no-
ther liquer from the cristallized sugzar, and the washing of the
sugar is carried out bas a direct and essential influence on the
purity and whiteness of the consumption sugar and on the adjuat-
ment of the boiling scheme on different conditions. the main re-
quirements on the centrifugal are:

Efficient separation of the mother liguor from the sugar
securing thus, and by the uniform washing, the high purity of
the sugar throughout the cale remained in the basket.

A reliable dischargint device, safe ugainst demeging the
basket screen.

An electric drive causing not too strong shocks in the
electric supply system.




Automatic mechanical emergency brake.

3,1l.¢4%3.1. Batch type centrifuzals

rhe batch centrifugal machine consists of a basket, drum
made up of a perforated-plate stee) cylinder, fixed on a shaft
by menas of a spider forming tne dischar;inz openin; at the bot-
tom. The shatf i3 oy a sinzle point suspension /a ball and soc-
ket joint/. he basket is procided with a backing screen and a
filtering screen, separating the mother liquor from the crys-
tals auring revolvirg. The massecuite is feeded throuzh the top
and the purged sugar is discharged by means of a mechenical or
hydraulic plow.

Batch type centrifugals with the standard basket diameter
of 48" /1200 mm/ and of filling capacity of 650 k§ are recoman-
ded. Precedence is to be ziwen for the typas by which it is pos~
sible to replace this capacity by a higher one var¥ing only the
hiht of the basket without any stricturel alteration. With sin-
gle drive by vertical threepnase, two spee’ A.C, motor with re-
generativ prakings. [he velocity of the basket ought to be not
lesz than 1700~1500 r.5.m. 3emiautomatic operation of the cen-
trifugal, with automatic timinz of the cycles and puch button
operated feed valve, pneumatic or hydraulic discharying device
can suite the best for the conditioms by buildin: a new facto-
ry. A sequence timing for each battery of centrifugals is nece-
ssery as to avoid overloadings of the electric power supply and
of the sugar conveyors. Washing and steaming devices are indis-
pensable, syrup separators also except the last boilin centri-
fuzals.

2.1.,2.3.2. Continuous centrifugsls

Continuous centrifugals were newly developed and are in
wide use, especially those with vertical spindle and conic "ba-
aket”. The advantazes of the continuous centrifugals ares sim-
ple constuction, few spare parts, low first cost, easy opera-
tiorn and maintenance, great unit capacity at row boiling, low
ard constant power consumption. Jisadvantages: it produces mo—




lasses with somehow hizher purity, the crystals are demaged,
the syrup can not be separated /wash syrup/, higher semsitiv-
ness on the massecuite quality. The continuous centrifugals
are not suitable for purging the first boiling massecuite ie.
for the production of consuption sugar, but they are suitable
for the intermediate massecuites and in some cases for low row
mas3ecuites too.

5eliceltol4, Sugar drying
+he white sugar from the centrifugals with 1-24 moisture
ought to be dried to & moisture content of o0,4% cr less, and

i cooled down bselow 50°G, as to et the necessery storage stabi-

lity. The main requirements on a 00d drier ares

A gentle handling of the sugar as to reduce dust formati-
on by a friction of the crystals,

{he prevention of mixirng of wet crystals with dust.

A final cooling down of the sugar to the environement tem=-

perature,

Rotary drum type driers are in common usewith drying and

§ cooling compartment, w#ith a common fan for both compartments
4 and with an efficient dust collector of wet scruber type.

3¢1:2.8.5, 3ugar screening
3creening is carriei out before sacking and storing the

f sugar with the aim to separate oversized and undersized partic-

§ les and %o give to the sugar a better appearence.

vibratory or giratory sugar screens are used for sugar
screening depending on local conditions, the vibratory type

i having the the advantages of simplisr construction and easier
§ op:ration and maintenance and lower power consumption.

Auxiliary equipment of the boiling and centrituzal station
Jig shaking tray for conveinz white sugar

Bucket elevator for white sugar

Robust scroll conveyors for low bolinz sugar

Special pumps for massecuites and syrups.

3uzar melters with efficient, impeller type agitator.

Jugar minglers with robust shaft and arms.




3,1ec .00 3toring and handline;‘ of white sugar

sacked form,
The main characteristics of the bulk bin atorage aret

Reduction of labor costs for loading and unloading by com-
plete mechanisation.

Reduction of freight costs.

Great flexibility of sacking especially sm&ll packing.

Basier conditioning of the stored sugar.

Possibility for an additional sreening, refreshment of

the sugar before sackinz.

White, consumption sugar can be stored in bulk form or in g

Bulk bins made of steel or concrete in form of vertical
cylinders are common, [he main requirements on bulk bins aret
A good system for conditioning and circulating of the su-

gar as to prevent caking of the stored sugar.
Reliable conveyling system with suitable, large capacity.

gfficient dust collectinz system and a saf{e explosion

prevention.
A suitable lining /insulation/ of the walls.

Auxiliary equipment of the sugar bins:

Conveyors for loading and unloading the bin and for lo-
ading the sacked sugar into the transporting units.

Heating ana air conditioning equipment

Dust collecting equipment.

3creens, lump breakers and magnetic separators.

3cales for the sugar before storing and combined weighing

sacking machines.

Storing sacked sugar in warehouses is cheaper at first |
costs but requires more space and more labor. It will be discu 1

ssed in details at prosessing sugar cane /3e2e2e4.5¢/
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3.1.3., PULP DRYING

3.13.1, 3eneralities

suzar beet pulp is a valuable cattle feed, but to preserve
iss feed value and to reduce the transporting costs it ought to
be dried. rhe greatest part of the water is removed mechanicaly
by pressing the pulp opefore drying. Molasses, concentrated 3te-
fen filtrate or carbamide can be added to the pulp and dried on,
as to obtain a more complete animal feed. Various fuels /coul, o-
il, narural gas/ can be used in the dried furnace.

3:le%420 Pulp presses

Various types of pulp presses /vertical, horizontal types
etc/ are used, consistinz of a strong sceleton lined with scre-
ened shell and of a robust screw forcing the pulp into smaller
and gmaller volumes, the water escaping thereby through screens.

The main requirement on the pulp presses ares

High presseng effect /20-25% dry matier of the pressed pulp/

Robust and safe construction.

Good resistenc to corrosion.

31.3.3, Pulp driers

Direct fired, iduced draft, paraliel-flow, rotating drum
§ driers are used consisting of the furn.ce /burning chamber/ and
} of the drying drum,.

The construction of the furnace depends on the used fuel,
In any case the combustion gases ought to be cooled down to a-
bout 800°C before entering the drying drum, by injecting addi-
} tional air in the burning chamber, protecting thereby also ths
refractory lining especially of the plafond. An emergency stack
/chimey, smoke pipe/ with a reliable rapid sluice is indispen-
sable,

fhe drum is mounted perfectly level on two roller system,

1t contains a large number of baffles which 1ift the pulp and
drop it throughout the hot flue gases as the drum rotates. 1he
pulp is conveyed progressivly forward to the outlet end of the
drum by the flow of combustion gases. A robust craft fan dis-




charges the gases thrush a cyclon seperator to recover small
particles of pulp from the exhoust gases as to avoid air polu-
tions, The tem.erature of the exhoust gases indicats somehow
theomoisture content of the dried pulp. It is normaly about
120°C.

'

The main requirements on the pulp drier are:

To produce dried pulp of uniform quality and light colour.
o be suitable for variations in capacity.

I'o have a 3004 heat efiiciency

Lo be safe in operation /fire risk/ and dustfree.

To have an adequate and reliable electric interlock sys—

tem between all mac aine /technologic units/

Auxiliary equipment of the pulp drying station

Bucket elevators for pressed and dried pulp.

Belt conveyors

Scrolls for pressed pulp, dried pulp and dust /dust-tight

closed/

Adeqate scales for weighing the dried pulp
Pneumatic conveying system for dried pulp.
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Selelty LIMS AND CARSONDIOXID.S PrRODUCDRION

2.1l.4.1, Generalities

The beet sugar factory uses a large anount of lime / Cav/
and Gua—gas which are both produced by calcinin; limestone /cal-
cium carbonate/ in a direct fired furnace called lime kiln. ihe
main requic:rents on the lime kiln are;

Lo proauce lime of good slakability

10 produce Goz-gas of hizgh and constant corcentration /36~
4op Co. by volume/

To have a zood thermic efficiency more than 7o»

3¢1.4,2, siixed feed kilns

They are fired by solid fuels /coke or sometimes anthraci-
te/ and consist of a high,vericel, self supporting Cylinder ma-
de of steel plates with an adequate refractory lining. The top
of the cylinder is closed by a steel hood provided with a well
fitted door for the admission of the mixture of lime-gtone and
coke. Below the door there is a distributing arangement to spre-
ad the mixture evenly across the kiln. The quantities of lime-
stone anc coke should be accuratly proportioned and thoroughly
mixed by filling the bucket of the conveing skip. The feeding
can be commanded eighter by hand or automaticaly. The bottom
of the kiln is provided with an adjustable device to comtrol
and maintain a uniform discharging of the burned lime as to
maintain & horizontal fire. The discharged lime is conveied to
the slaking drum by a dustfree conveyor,

lhe necessery draft, moovement of the air thrugh the kiln
is produced by vacuum compressors which bring the zasses from
the top of the kiln thruogh a scrubinz equipment to the dewa-
tering recipients and from there to the carbonation devices in
the factory. Rotary, water-ring type compressors are the most
suitable for this purpose.

dixed fired shaft kilns have the following advantages:
They are mechanicaly very simple and rejuire low capital invest-
ment and less mechanical attention, than other types. Ihey have
hizh thermal efficiency above 70#% securing high CU, concentra-
tion 36-40%. he dosage of the fuel to the limestone is simple




and predeterninea in the chsrze. shough they have some disaavan-
tazes /sensitivity to limestone and fuel quality, laziness in
changes in handlinz, they are still the most suitable.

5ele4.3, 388- and oil fired shaft kilns

'hey are basicaly similar to tae mixed fired kilns, egui-
ped with various systaems for the injection of gaseous fuel /oil
i3 zasified before injecting in the kiln/. i[he main advantages
of gas fired shaft kilrs ares instant control of the fuel guan
tity and distribution, the flame /fire/ can be controled /tem-
perature and lenzht/, reduced ash contamination of tae lime by
the fuel, lower sensitivity to the quality of limestone. The
disadvantages of them are: higher investment gosts, higher me-
chanical attention is reguired, the internal burning devices
can obstruct the flow of limestone through the kiln. As the fu-
ol dosage is not predetermined instant overburning or underbur-
ning is possible by changes in the flow of limeatone, the Co,
concentration of the kiln gas is lower about 29%.

3elettod, Lime slaking

Commonly the lime is used in proceasing in form of lime
milk, The preparationof lime milk is carried out in a rotary
drum slaker by the additon of hot water /condensate/, sometiw
nes swaetlwater,

Auxiliary equipment | |

Vacuum compressors of the water ring type

iimestone conveyors ans skips

vibration- or shakinz through for conveying lime

Automatic scales and mixin; devices for the preparation
of the feeding mixture.,

dinersl rake classifier and hydrociclons for the separa-
tion of sand and unslaked particles from the lime milk.

Storage tanks with robust, efficient stirrers for lime nilk

iutomatic sets for the lime kiln control and slaking kon-
troi.
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5el.5. UTILIZATION OF adwad3.3

5¢ls5.1. Jeneralities

iuolasses cun be used for many purposes ass very lar;e guan-
ties of molasses are used for ready-made /ready mixed/ feeds for
§ animals. {t can also be dried on the pulps in the factory for a-
| nimal fsedin; or sprayed on whatever feed on the farm., It can be

g used for the production of yeats, zlutamic acid, citric acid etc.

The most important processin: of the molasses carried out at the
factory site ares: the desuzarizins by the 3teffen process and the
alcohol producton.

3.1.5.2. alcohonol production
At present day the alcohol from ethylene car be cheaper,e-

specially in the countries with developed petroleum industry.
3:145.2.1. Fermentation

Large tanks of cooper or stainless steel with a suitable
agitatro are used ior the diluition of the molasses with hot wa-
| ter, controled automaticaly or bey hand,

Permentors are large cylindrical tanks made of stainless
seelfitted with slow asitators and with a heatin-cooling aevice
/steam coils or jackets/ to maintain & constant temperature by
ang automatic control

2¢1:5.2.2. Distilation

The distillinz plant consists of gome distiling columns /
fractionating colomns/, long verkical cylinders made of stain-
less steel or cooper fitted with heating elements oy steam and
with deflegmators for a more efficlent distillation. The distil-
led alcohol vapours are cooled down and condensed in separate co-
olers by cool water,

Actual yields of 45% by weigbt of the processed molasses are
commonly obtained

3.1.5.5. Desugarization by 3teffen process

2¢1:5.5.1, Generalities
Depending on the price of sugar and of molasses the 3teffen
| process can be economicusy very atractive but by other circum -




stances can be not at all renteble. The 3teffen process has the
advantage tnat the used precipitating azent, lime is the chea-
pest one /the beat sugar factory requires lime for the juice ¢
purification and produces it/ and the precipitated calcium sa-
charate can replace the lime in the carbonation process. Howe-
ver wilh the sacharate some impurities are also precipitated and
are returned to the juice purification like raffinose. When the
raffinose content of the molagses riches the hizht of 4» the mo-
lasses is to be discarded and the Steffzan house temporary shut
down /if not fed with virgin molasses from a straight house fac-
tory/.

241.5.3.2. Cold precipitation

<uicklime of a hith quality /not overburned ard with high
activity is indigpensable for the efficient sugar recovery.

The quick-lime is grinded to a fine pulver by special grin- §
ders /mills/ and the finest powder separated by a pneumatic clae- ‘
sifier and conveyed pneumatically to the precipitator.

[he most important equipment of the desugarization is the
"eaktor", a vertical cylindric reaction tank in which the main,
"cold" precipitation of the sugar from the diluited molasses is
carried out by the addition of the prepared fine lime powder. b~
tficient cooling and maintening of the necessery low ceaction
temperature is indispensadle, The violent agitator is an essen-
tial part of the reactor There are batch type reactors but the
continuous typee are mor suitabvle.

3e1.5.3.3. 2Mrst filtration

Vacuum drum filters are coamonly used for the separation
and washing of the precipitated calcium sacharate., An efficient,
uniform washing usinzg small quantity of water is required.

3,1.5.3.4, Hot precipitation

A rapid precipitation of the remained sugar in the Iiltra-
te 18 carried out fitted with suitable heating device and effi-
cient agltator as to recover further quantities of cugar.

3.1.5.3.5. Mixing

wixer-tanks with suitable agitators are used for mingling
and mining the two sachar-ate cakes by addition of the necessery
quantity of sweet waver from the sweeteninz off the filter ca-~
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ke from the juice purification. I'he prepared sacharate milk is
y'imped to the factory and added into the carbonation vessel.




3+2¢ CANE SUGAR

3¢2.1s SUGAR CANE GROWING

3.2.1.1. Generalities - Sugar cane belongs to the genus
Sacharum of the grasses. For a long time the so colled nativ
or noble canes of the species Bacharum officinsrum were cul-
tivated all over the world. There wer wide variations in size,
color and appearence caused by the different conditions of so-
il, climate and cultivations At present days there are other
recognized species like S, barberi, S. sinense, S spontaneunm
and 3 robustum. By crossbreading new seeding varieties were
developed with better characteristics concerning sugar content,
persistence to type, resiastence to diseases, time of ripening,
adaptability to soil and climate conditions /frost and drought/
and not last better milling and purification qualities.

Sugar cane is successfully grown throuoghot the tropical
and semitropical regions of the globe. As concerning the ripe-
ning period and processing seasons it occures in the northen
hemisphere during the 6 mountim of wintemand in the southern
hemigphere during the 6 mounths of summer.

3.2.1.2. Planting - Sugar cane is propagated by means of
cuttings or whole stalks, planted in furrows which are covered
afterwards with a light covering of soil. Normaly each bud pro-
ducas a plant with several shoots, or suckers forming a clump
or st00l of canes. In tropics short plieces with two or three
buds are planted /0,5 - 0,8 tons per acre/. In subtropics whole
cans are needed for planting as only 25% of the buds produces
shoots because of the lying in the ground during winter period.
Thus for times as much cane is necessery /2-3 tons per acre/.
In many counties /Hawaii, Australie/ mechanical planting of cut-
tings is common wherby the fertilizer is addad and the covering
with soil is made simultaneously. .

The lenght of the growing period is different under dif-
ferent climate conditions. In fhisiana 7«8 months; Ouba, Puerto
Rico and west Indian Islands 10-18 month; FMiji and Australia 14~
18 month; Hawaii and south Africa 20-24 month. From the stubble
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after the harvesting of cane, new plants called "ratoons "
spring, producing a second crop which can give a third crop
and 80 on. But commonly a restricted crop cycle is practiced,
In Hawail the everage cycle consists of the first plnalt cane
and two or three following ratoon crops with lo-15% replanting,
Fiji and Australia one or eventually twoo crops are practiced,
folowed by a year of leguminous plantings.

The ripening of cane depands on many factors mostly on the
amount of rainfall. In many countthes /Australia, nawaii/ irri-
gation 18 practiced for controlling the maturation. The higzhest
yields of sugar are obtained in countries with pronounced dry
geason, Maturity is commonly evaluated from the sucrose or re~
ducing sugar content.

5.2.1.3. Coptrol of insects and diseages - The most dange-

rous among the insects is the sugar cane borer moth, Bacuerial
control of it by purposely inmtroducing parasites has been pro-
ved effective. The white grubs of various species of beetles
caose haevy demages in crops. Chemical control by means of in-
secticides is very effective in this case. There are other de-
structive insects like woolly aphis, froghoppers and sap-sucking
leafhoppers.

The most destructive disease is the widely known mosaic
disease, which is caused by virus. By repleacement of suscepti-
ble varieties by mosaic-resistent straines an entire destruction
of the cane sugar industry was avoided, However a new virus of
mosaic is still dangerous. Further destroing diseases are: the
red rot, csused by fungus, gumaing disease and leaf scald,

Beside the chemical control a rigid quarantine regulation
of the importation of seed canes and other plant carriers of
cane diseases and p ets is to be applies for an effective con-
trol the spread of cane diseases pests from one country to ano-
ther.

J.2.1.4. Harvest and trangporting - Harvesting is still mo-
stly carried out ba hand cutting, even in countries with develo-

ped field mechanisation. The stalks are cut close to the ground,

R i b




topped and freed from the leaves. sometines the cane is burned
befor cutting as to save labor. surned cane is more susceptible
to deterioration therefor milling should follow promptly the
harvesting. Un the other hynu burned cane causes aifficulties
in processing. Hand-cut cane is cleaner than machine-harvested.
machineharvesting is zettinz more and more importance be-
cauge of the high effect in labor savin3i. A very simple device is
the plushrake which can bemounted on an ordinary bulldozer re-
placing the blade of it. It is very simple in operation, requi-
resminimum of machinery maintenance and minimum skill on the
part of the operator. It brings an excessive amount ot trash
and extraneous materials to the aill.

A good harvester ought to asve the folloing features: to
do little demages to cane roots, to bring minimua of estraneo—
us materials with the cane stalks and to be able to deposit the
cane in a windrow.

The nethod of harvesting and transporting of the cane de-
pends on the local conditions of every country, but it is an
essential question by determining the capacity and the techno-
logy of a factory.

Transporting of the harvested cane is in many countries
still carried out by animal drown carts /oxes, boloks or mule/.
An ox drawn cart is capable of transporting nearly one ton of
cane usually in bundles of 15-20 kg. This method is suitable
only for small factories.

Evan if harvesting is carried out by hand it is recoman—
ded to secure a mechanical transport by means of tractors with
carts or special trailers. The vihecles ought to be able to en-
ter in the fields in wet weather too. The direct houl from the
field to the factory is recomended not only for the sake of lo-
wer cost of handling but to avoid any deterioration of the har-
vested cane \&t is of great importance.

However railro-transporting and water way-transporting by
punts and barges are practiced in some countries they are not
recomanded and can be accepted only if they are the only pos-—
sibiiity under special lccal conditionms.

3ometimes the cane is transported from the field to a tran-
sfer station and from there without delay to the factory.
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¢2.1e5. Receiving and unloading - The transport units
after arrivin; in the cane yard at the factory site, are weigh-
3d on large platforme scales when full and again when empty in
order to get an accurate cane weight. The scales are to be lar-
ge enough for the transport units used but not extremly large.

The quality of the cane and the quantity of extraneous ma-
terials carried with, are to be determined at the same time,

Unloading by hand directly on a long cane conveyor is su-
itable only for very small factories and is not recomanded,

For the mechanical discharging of cane different types of
cranes /Overhead crane, derrick crane, rotary tower crane/ and
different methods of operation are used.

When the cane arrives inchain bundels, the packeges of ca-
ne are lifted out of the transport units by a suitable crane,
sustaining 5-lo tons, after the chain loosened the cane falls
on a feeding tabl or into a carrier. For the night and eventu-
ally for the 3unday shift the cane is stored in packeges near
the crane.

The 80 called chain-net system is a very efficient one, it
is recomanded especially for larger factories. The transporting
devices are fitted with a special chai-net attached to one side
of it and to a ranifold on the other side. The transporting de-
vice is drawn up beside a special wall made to support it . The
crane with suitable hooks on his balance raises the manifold un-
til the load of the chain-net falls over the wall on to a loa-
} ding table or on a stock pile.

f If the cane is cut in suitable pieces by the loading at

| the field /cut-load harvesters/ a dump system with hydraulica-
ly or mechanicaly operated dump platforme can be used for the
§ discharging of the transprt units. :

As mentioned affore the cane is very susceptible to dete-
rioration hence an extensive storage of if is not possiblelhe
organisation of harvesting, transporting and receiving muct be
precise and very efficient in order to avoide any break down
} in processing.
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5e242¢ PROCLSSING OF S3UGAR CANE

3.2.2.1. Bxtraction of sugar

3.2.2.1.1. Generalities

The extraction of sugar from the cane can be carried out
by a set of crushing mills called "tandem" or by a diffuser.
The praparation of the cans is similar in both cases. The ca-
racteristics of a good estraction equipment are: extraction of
the maximum portion of sucrosej extraction of minimum quantity
of nonsugars as to obtain a raw juice high puritys to operate
with low draft about look § to operate at a higher temperature
securing unfavorable conditions for microbiological activity,
and with a goog heat economys good resistance aginst corrosion.

3,202+1.2. Supplying and washing of cane

Washing is an imperative necessity by mechanicaly barve-
sted cane to separate soil particles, trash, sand and other
fine dirts which can cause plugings and abrosions of the pro-
cesing machines. But it is also useful by the processing of
hand cut cane.

The common type of equipmsnt consists of loading and wa-
shing tables. The cane bundels are disloaded on the loed
ding table and caried by drag chains to the washing table whe-
re they are thined to a mat and washed by condenser water-spray
during the transport.

Por « higher extent of dirt in the cane bundles more ela-
borste cleaning /with eventual rock and trasL separation/ is
carried out. Because of the intensive corrosion a separate
short and eat .1y replaceble conveyor is used for this purpose
furnished with a water trough producing a water curtain instal-
led at the high drop point of cane on %o the carrier, with a
subsequent kicker rotating the cane stalks during the transp
port and simultan washing and with a water spray at the end for
an efficient final washing.

The wash water /500-600% by weight of cane/ together with dirt
and traeh is pumped to the settling lagoous.8efor impounding it
is advisable to sreen this wast water.
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3+.2.2.1.3, Extraction by crushing miil.

Lhe preparation of the cane is carried out in two steps,

4 the cane stalks are cut into pieces by two subsequent sets
§ of revolving cane knives without extracting any Jjuice.

3 Than they are desintegrated by a shredder whic tears them

{ into shreds without extracting any Juice.Hammer mill type shred-
§ ders are very efficient and recomanded.

] To avoi.de demages by tranp iron powerfull and reliable e-

§ lectric or permanent maznet catchers are indespensable before
§ the cane knives and shredders.

: Several improved types of mill tandems were developed in

§ the last tventy years. A tandem of four 3-roller mills can gi-

j ve satiafactory performances for the first time, having the po-

j ssibilities of enlargementto a 6 mill tandem with adequate aug-

§ nentation of the capacity. it is very important to have a uni-
form fe2d of the mills and a controlled and uniform pressure
of the top roller. Both can be controlled automaticaly, The rol-

§ lers are driven through a set of gears by electric motors but
precedence is to be given to individual steam turbine drive for
each mill with a reliable and economic t§pe of turbine,

By sqeezing in the first mill or "crusher" only 60-70% of
| the cane juice can be extracted. The remained quantity of sugar
§is extracted by the method of maceration ie. befor entering

the next mill the bagesse is sprayed with raw juice recircula-

{ted from the following mill. Befor the last mill water of 60°C
is eprayed on the bagasse.

The bagasse leaving the tandem has a sugar conten of 1,5~
| % and ought to have a moisture content less than 50% if used

£8 fuel for the boilers. But prior to this the fine bagacilo is
separated from the Bagasse by means of revolving or vibrating
scresns , and added to the mud from the clarifier as a filter
aid for the filtretion on rotary vacuuam filters.

: The juice from each mill is recovered in a juice pan with
steep sides made of cooper or stainless steel like the juice
chansls, pipework and simile/. Unlined concrete pans are not
| suitable. An efficient system for desinfection by steaming is




indispensible with additional possibility of chemical desinfec-
tion by bactericides like 'Busan 881" or formol. But the higie-
nic and easy-to-clean designe of the whol equipaent and of the
individual machines is also very essent.w®l.

4ill tendems with various capacities are built from 50 -
300 t/h cane.

5e2e2e1l.4, Extraction by diffuser
The continuous diffusion process has many advantages over

the straight mill crushing like: higher extraction of sugary
nigher purity of the mixed juice obtained by diffusion: less
lime concumption and mud produced by clarificationy smaller i-
nitial investment and lower cost of maintenancej less heating
surface in boilers and fewer mud filtersy higher feature of hi-
gienic lower losses caused by microbiological activity. By buil- |
ding a new factory this advantages are to be utilized and ex-
traction by diffusers is recomanded.

The preparstion of cane for the diffusion isg simllar as
for the milling, only it ought not to be disintegrated to very
fine particles /shredders are not reconanded for the desinte-
gration/, but only to flattend pieces with maximum lenght of
1o c¢a, which ought to bee free from non crushed cane and with
a meximum of lo% fines.

ggyptian continuous diffuser - ‘The sugar cane is prepared
for the diffusion by two sets of cane knives and partialy cru-
shed in s three-roller mill in which about 6ox - 65% of juice
ig extracted. [me crushed bagasse enters the diffusion consis-
ting of a bhorisontal chain conveyor transporting the mat of ba-
gasse over & perforated steel plate. Ine bottom of the diffuser
is an U-shaped trough devided into geveral compartments for the
recovery of the diffusion juice with different concentration,
which is recirculated by several pumps and after 1eheating apra-
yed over the bagesse mat for lixiviation. Thu exhausted bagasse
with 80% moisture content is dewatered on the following two mill
to Son» moisture and 1,5% sugar content. It is conveyed to the
boiler house an used as fuel. The 1imed and clarified sweet wa~—
ter from the dryipg mills is returned to the diffaser., Uverlim=-
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ing can be danserous dissolving pectines and rubbers from the
cane fibre which can cause very haevy trubles and ditficulties
by the following processing sepecially by filtration and cry-
stallization. Accurate dosage an PH controll is required. The
| diffusion juice is mixed with the crusher Juice and processed
f in a sSandard procedure.

The caracteristics of the rgyptian diffuser are:
Retention time for juice 24 min, for bagasse 40 min,
Temperature in difuser 60 - 709°C.

Capacities from looo to 6000 tons of cane per day,

, De 3met continuous di:fuser - The type used for the sugar
§ cane 18 similar to this used for sugar beet with some litle mo-
difications. The preparation of cane is similar as descrived a-
| ffore and the bagasse and sweet water treatment alao. And it is
| 30 by all difiusers and is not neceasery to mention.

The characteristics of this diffuser are:

Retention time ror juice 35-45 for bagasse 45-60 min.
Temperature in €iffuser 65-75°C.

Capacitie from 1000 - 7000 tons of ceae per day.

Deds8s continuous diffuser - The type used for sugar beet
with some modifications is used for sugar cane. This is the most
§ simple equipmnet concerning construction /building/ and msinte-
nance. It was by this type that the trubles caused by overlim-
ing of the sweet water were discovered, however theoreticaly
it can happen by all diffusers. To operate at lower pH level
i the revolving parts ar made of stainless steel nd the trough
is lined with a plate of steanless steel entirely, what causes
an augmentation in price of lo-15fF but gives a reliable protec-
tion from corrosion.

The charecteristics of the D.d.3. diffuser are:

Regention time for_ juice 20 min of bagasse 30-35 ain.
Tozéoraturo 65 -720°C - Capacitie from looo-3000 tc/day.

Silver gontinuous ring diffuser - This type of diffuser
is newly developed especialy for sugar cane. The cane is char-
| ged directly into a "can daster” after this in a "fiberiger”
both large hammer mills driven by multy-stage back pressure
turbines. The so Biberised cane is conveyed by telt corveyors
to the ring diffuser, and loaded into the uper part, a revol-
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ving annular assemtly with perforated plates all of stainless
steal an driven oy two hydraulic racketing devices. The bagas-
se mat is percilated with reheated juice and the enriched ju-
jce is recuperated ir the Juice tanks formed by the segnsnts
of the centric part underneath the revolving annular assembly.
There ar = seventeen segments and seventeen recieculations off
the julce which is wishdrawn at the head end of the ditfuser
end sent to the subseyuent processing in a continuous clarifi-
er., fecycled juice is heated to 82°C. The wet, exhausted baga—-
sse is moved upwards oY vertical screw conveyers into a hori-
zontal screw and passed to the dewatering presse /mills/. The
sugar extraction is 9y7%% by a araft of loowm. Bxperiments has
ben carried out to mix dry lime with the prepared bagasse.
yith this method a pH could be maintened within the range in
which stainless steel could be replaced with mild steel in the
aiffuser construction. rIhe obtained rew juice dDecauise of trea-
tening with dry lime could be clear enough for a direct evapo-—
ration without clariiying apd filtering. fhis method is very
simple and economic nowerer it is still under crutiny.

The characteristics of the ring diffuser are:

Hetention time for juice 2o pir. for bagasse 40-50 min.

Temperature in aifuser 71-7400.

capacities from 42 -244 tons cane per hour.

Auxiliary equipment iorT the extraction station:
Feader tables.

Conveyors for cene, rock, dirt, mud, trash.

Prash extractor

Rock catcher

vwagnetic senarators.

Chokeless centrifugal pumps for the juice and for mud.
Viorating screens for raw juice and for bagasse.

Pre ssing mills or srew-type presse for bagasse.,
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3,2.2.2¢ Juice purification

3,2.2.2.1. Generalities

e main requirements on 2 good purification method are:
An effect of purification which makes possible the production
of a sugar of a desired quality; a satisfactory thermostabili-
ty of the purified and filtered juice /thin juice/ without sig-
pificant destruction of the invert sugar;j good filtering and
gettling qualities of the purified Juice.

3,2.,2.2+2. Defecation process.

Mhe cold raw juice is mixed with milk of lime and the mix-
ture of a pi 7,0 is then passed to & clarifier after beeing
heated to over 100°C. The settled sludge is mixed with bagaci-
lo and filtered on vacuum drum filters /celless type/ .

This is the simpliest an cheapeat method, but is suitable
only for the production of raw sugar.

Lime consumption: 1,0-1,5 1b CaQ per ton of cane

3,2.002¢3. Carbopation process

Carbopation process was introduced in the cane sugar indu-
gtry with the aim %o menufacture & high quality white /consump-
tion/ seugar equal to that produced in beet sugar industry, in
a direct way ie. without refining. The double carbonation met-
nod is suitable for vhis. In the first step the milk of lime
and Coz-gas are fed simultapeously vo the raw Juice /prohonted/
in the carbonation tauk. Coptinuous carbonation tenk with a cir-
culation pump and with automatic control of the pi is recoman-
ded, The juice is to be filtered and the filter cake sweetened
off using thickeners and vacuum drum filter /celles type/. The
clear Jjuice is reheated and sent to 8 continuous sccond carbo-
nation. Ihe filtration after it can be carried out on filver
presse or by pressure filters as ip the bbeet shugar industry.
A sulphitation of the obtained thin julce is essential ans ne-
cegsery for tne production of a high quallity white sugar.

The advantages of this method are:

High effect of purification - tpherefor higher recovery of
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white sugar /about 2»by the weigt of surar produced/

superior quality of the white sugar /color and ash/

Visadvantages of this method are:

disher consumption of clarifying azjents, 1,5-1,5 quick-
lime by weight of cane processed.

algher investment costs for the lime, milk of lime pro-
ducing equipment and .iore thickener and filter capacity.

Delelels4, sulphitation process

Ihis method is commonly ised for the production of direct
white sugar /plantation white sugar/ which is of somewhat lo-
wer quality than usualy produced in the beet sugar industry,
at lower costs.

The raw juice after heatin: to 78-80°C and prelimed to a
pil of 7 by automaticaly controlled additon of milk of lime
passed to & continuous "defeco-sulphitation" in a continuous
type sulphitator in which the liming and sulphitation are car-
ried out simultanecously, The equipment is fitted with a larsze
circulation pump tor a »,5-4 fold circulation per minut of the
volume of sulfitation vessel. Ths necessery pH value of the
leaving juice is maintened automaticaly by the regulation of
of milk of lime added in to the sulphitator. The sulphur dio-
xid gas 1s forced in continuous flow in the juice at the bot-
tom of the vessel. A perfect mixture of the reagents both at
preliming and sulphitation is indespensaole to obtain the pos—
sible good results of purification.,

r'he sulphitate /sulphured/ juice is reheated to 100°C and
sent to the settler /clarifier/. rlhe settled muddy juice is
sweetened off oy vacuum drum filters /the drum lined with syn-
thetic tilter cloth/ ana the mixed juice /clear juice = ril-
trate/ called thin juice is passed to the evaporation.

the main characteristics of the sulphitation process are:

satisfactory cifect of puritication for the production
of a plantation white sugar,

Lower ipvestment costs

Lower consumption of purif¥ing agents /o,lom quick lime
and 2,d% sulphure/.

Lower recovery of sugar./




5¢2ece2¢5. Thickening - Clarifyiny

A very high efficiency of the clarifiers is required: the
shortest possible retention time of the juice and mud with the
highest possible clarity of the Jjuice ldaving the thickener.

continuous thickeners, clarifiers of mechanical type are
used with rotating rake arms raking the settled mud to the cen-
tral discharge. The dtatic type of clarifiers are not suitable
because of the large /long/ retention time in them. A reliable
device for dissolving and feeding of settling aids /flocculants/
is recomanded,

A new type of rapid thickener is successfully introduced
in the beet sugar industry with very short retention time /lo
min./ and very smell volume utilizing the full potential of mo-
dern settling aids. It is a single~tray unit in which the clear
Juice is filtered passing through the settling mud which forms

a sludge-bed of permanent level. [he performances concerning
the clarity of the clear juice and the density of the settled
mud are also exellent., [his new tjpe of thickener can be of the
grestest importance for the cene sugar industry.

3.2.2.2.6., Sludge filtration

The filtration with the sweetening off of the muddy Jjui-
ce is carried out on vacuum drum filters. Filters with cells
are suitable but not necessery. The drum ought to be covered
with a higy quality synthetic filter cloth as to get a clear
filtrate suitaeble for the evaporation.

Muddy Juice pumps of special type are required as not to
distroi the formed big flocs easy to filter, eventualy with
variable capacity.

3.,2.2¢247. Preparation of the sulphure dioxid gas

The sulphur dioxid gas is produced by burning of sulphure
in a sulphur furnace or stove. This equipment ought o suite
the following requirements:

To be able tu burne sulphur of lower quality /sulphur not
refined/.

To secure a constant pressure and constant concentration

of the 30, gas.
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Touproduce a dry and cooled down 30U,-gu3.

Auxiliary equipment for a sulphur burner:

Air dryer

Alr compressor

Air receiver

Instruments like hygrometer, differential manometer.
Gas cooler — sublimator.

3,2.2.207. Preparation of the lime milk

rhe preparation of lime milk and of 302 ere essential
part of the Juice purificetion and have far reaching influ-
ance on it. So only a complete an reliable eaulpment can be
Tecomande,

I'he prepavation of limc milk is simple wnen a powdered
slaked lime of high quality is used for. But quick lime is u-
sed most commonly. xevolving drum slakers are most suitable in
this case normaly not insulated as hot condensate 1is used for
lime slaking. [he outlet end of the drum ought %o bi fitted
with a rotary screen for the weparation of coarse particles.
’he mair requirements on a lime slaker are:

Juitable retention time for a complete slaking of lime,

Kobust and reliable building as to avoide irt and va-
pour escape,

Auxiliary equipment for lime slakipg:

Robust and large milk classifiers are used for the set-
tling and separation of fine particles /gritl, sand/ with a re-
tnetion time of at least 45 min.

Two stirrer tanks are used for the sorage and final ad-
justment of the density of lime milk by water addition.

Lime milk pumps are to be of special type with open im-
pellers an eventualy wtith changeable lining.

An automatic device, feeder of lime milk %o preliming
and lizinz is needed which must be reliable.




Secec D
3.c40242.1. Avaporation
The prolitableness of a sugar factory is uffect.od essen-
tially by the thermic economy ie. by the system ot the aultiple
effect evaporator and of vapour distribuition corected wi''. it.
‘he main demands on a multiple effect evaporator cre:
A high rate watwr evaporation by & small temper: ture di-
fference between the heatins and the heated Jjuice.
r'he shortets possible retention time of the julce in Lhe

svaporation wnd ick juice sulpnitution

’(f

evaporator.

A reliable discharging system of condensates and of non-
condensable zZases,

A proper hight of the juice chaumber and an efficient sys-
tem for entrainement prevention "catch all", especialy at the
last effect wher an additional external separator is also use-
full.

A possibility for easy cleaning, removal of the hard sca-
le deposits Irom the evaporating tube surfaces, without brea-
king the processing.

A quadruple sffec ot "robert' evaporator which is robust
in construction and easy to handle is recomanded, with two bo-
dies for the last effect as not to shorten the evaporator when
cleaning is carried out. svaporator tubes of a suitable gseel
age naw days commonly used with diameters of about >1/%% mm.

Auxiliary aguipment for the evaporzcor station:

sar.metric condensers of counter-flow type with low injec-
tion water consumption are used for maintening the necessery
vacuun in the last body of the evaporator, in vacuum pans etc.
Individual condensers for each pan and evaporator body is more
suitable than a central common condenser. kor the elimination
of non condensable gases water-ring pumps are recomande.

condensate recuperating tankswith automatic level controll
and special pumps for hot water amke the integral part of the
evaporator station and essential for the efficient worl of it.

Juice heaters are used at different unit processe befor
the evaporation but are connected by the common vapour and cn-




Jensate syshem to the evaporator. Phe vertical cylindrical type

ig irn common use with heatin: tube bundle devided in passages,
tnrough wcanich the hested juice is forced as Lo secure the ne-
cessery velocity required for a Zod heat-transfer. fhe tubes
are made of the same material as for the evaporator., a relia-
vle system for discharging condensate and non condensable gases
is necessery for a troblefree cperation of the heaters. spare
heaters for each group is ipevitable so that each unit can be
cleaned without reta.dinZ the processing.

3,2.24%.2 Mick julce sulphitation

hick juice sulphitation is very usefull in generul prac-
tice, but it 1s an ecantial unit operation by the production of
plantation white sugar. It is carried out in a vertical tube-
shaped vessel with thick wall made of mild stesl and a distri-
butor for sulphur dioxid gas of stainless steel. The density of
thick juice oght to be about 60Bx, the pH value of juice about
0,9, the later auotomaticaly controlled.

3,202.4. Cristalization

4,2,2+4.1, Generalities

For the production of plantation white sugar of good quali-
ty @& suitaple scheme, system of boiling ig necessery. 'he main
rejuirement on such & schene are:

o secure a standard, constans quality of the final, con-
sumption sugar even DY changeable Quality of the cane ie. of hte
thick juice.

Po secure a standard, constant quality of final molasses
ije. & good exhaustion of it.

To make possible high yields or consumption sugar ie. low
losses by a straight and quick elimination of nonsugars to the
final molasses.

4 four boilin aystenm is recomanded , by which the twom low
noiliog C #.a D are remelted and the two hizh boiling A @and B
sre mio<led with nish purity syrup and affincd on the second cen-
trifugals as to lmprove the wniteness of the consumption sugar.
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3,242.,4,2+ Pan boiling station

The designe and construction of the boiling pans is alseo
of sreat influence on the quality of suger produced. ‘he main
requirements on a boiling pan are:

A possible short boiliag time /retention time of a stri-
ke/. For the high purity boilings /A and B in our case/ 2-3h,
for the intermediate boiling /C/ with magma footling about 2h,
and for the last product /D/ ©6-8h.

Good recirculation of the massecuite during all the time
of boiling. The highest level of the massecuite above the up-
per tuts sheet maximum 1600 mm and & large downtake can secu-
re this.

Small seeding volunme.

Efficient and safe separation of the ertrainements by a
gufficient Light above the the maximum massecuite level, and
a reliable "catch all" device.

Easy to handle vacuum vent and massecuite discharge vent.

The common, calandria type vacuum pan with central down-
take is recomanded. Instruments for the temperature and pres—
sure measurement both of wapour and massecuite chamber are ne-
cessery and for the indication of masecuite oversaturation are
very usefull. Neither automatic nor continuous boiling is reco-
manded., A mechanical circulation by an azitator is very usefull
by the last two boilings /C and D/. Unit capacities of the pans
onght to be not to large about 40-50 tons of massecuite. Fcr
the first two boilings sdditional external "catch all" recei-
vers are very usefull and recomanded.

ilixers are used primarily to receive the discharged strike,
but they ought to be utilized for further crystallization to, by
nens of & cooling system mounted on the agitator shaft. The dr'-
ving sbaft ought to be ¢itted with a simple device forslow rota-
tion by hand in emergency cases.

For the last boiling /D/ s set of special cooling mixers
is uged called "crystallizer battery" with a necesaery reten-
tion time of about »6 hours for a good exhaustion of the final
nolasses.
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5e2e2+4.3, Centrifugel station

Centrifuging, purging by which the separstio of the mother
liquor from the crystallized sugar, and washiag of the sugar is
carried out has a direct and essential influence on the purisy
and whiteness 1f the crystalline sugar and cn the adjustment
of the boiling sheme on different conditions. The main requi-
rements on a centrifugal are:

Apn efficient separation of the mother liquor from the su-
Zar securing thus, &nd by & upiform washing, the high purity of
the sugar thrughout the cake remained in tho basket.

A reliable discharging device, safe aginst demaging the ba-
sketU screen. '

An electric drive causing not to strong shocks in the elec-
tric supply system.

Automatic mechanicel emergency brake.

Batch type centrifugals with the standard tasket diameter
of 48" /1200 mm/ and filling capacity of 650 kg are recomanded.
Precedence is to be given for the types by which it is possible
to replace this capacity by a higher one varying only the hight
of the basket without any structural alteration. Single drive
by vertical threephase, two speed A.C. motor with regenerativ
braking is recomanded. The velocity of the basket ought to be
not less than 1200~1500 T.p.m.

Serdiautomatic operation ol the centrifugal, with sutomatic
timing of the cycles and push bution operated feed valve, Dpne-
uma’ic or hydraulic discharging device can suite the beaot for
the conditions by building & new factory. However, depending on
the locsl conditions like plant size, labor svailability, vages,
investment possibility etc. caae be also suitable. A sequence
timing for each battery of centrifugals is necessery as to avoid
overluadings of the electric power supply and of the sugar con-
veyors. Washing and steaming device are indispensable syrup se-
varators also except the last boiling centrifugals.

For a new factory it is recomanded to choose the same type
Jt centrifugals for all boilings /uniform spare parts/. However
‘e continuous cenwrifuigals have been improved in the last twenty
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years to & high psrformance. They have the folowing advantages:
3implicity of building and operaiton,

Sigpificantly cheaper in first coste and maintenance.

Constant power consumption and load on the electric power
suply.

30 they are to be taken in consideration for “he interme-
diate and last boiling massecuite., For the hizh purity massecu-
ite they are not suitable beceuse of demaging the crystalls and
diminishing the quality of final sugar.

3,24244,4, Drying and screening of sugar

The white sugar from the centrifugals with 1-2% moisture
ought to be dryed to a moisture con*tent of o,4 or less, and co-
oled down below 50°C, as to get the necessery storage stabili-
ty. Screening is carried out befor sacking and storing with the
aim to separate oversized anc undersized particles and to give
to sugar a better appearance.

The following requirements are made on a good drier:

A gentle handling of tha suger as to reduce dust {ormati~
on by & friction of crystals,

Me prevention of mixing of wet orystals with dust.

A final cooling down of the sugar to the environement tem-—
perature,

Rotary drum type driers are in general use with dryiag and
cooling compartment, with a comon fan for both compartments and
with an efficient dust collector of wet scmuber type.

Vibratory or giratory sugar screens can be used for sugar
scoeoning depending on the local conditions, the vibratory type
having the following advanteges:

Simple construction, essy operation and maintenance.

Low power consumption and cost,

Auxiliary equipment of the pan boiling and centrifual sation
Jig shaking tray for conveing white sugar.

Bucket chain elevator for white sugar.

Robust scroll conveyors for low boiling sugars.

Special puaps for massecuites and syrups. §’




Filters for high purity syrup - They ought to remove all
suspended metter from the sugar liquor and to produce a brid-
lant syrup. The use of filter aids in forme of a precoat is in-
dispensable and it ies very usefull to feed constantly an additi-
onal quantity of filter aia in to the syrup to be filtered by a
reliable feeder usvice, as to facilitate the filtration the sy-
rup ought to have & density of maximum 60-65 Bx and heated to
90-93°C.

Filters with horizontal vilter elements are safe from de-
mages of the precoat layer, so more reliable in work. Horizon-
tal leaf pressure filters are the most suitable, though other
types /vertical leaf pressure filters, candle filters, filter
presses/ can also be used.

Sweetening off of the discharged filter cake is carried
out on & separate small vacuum drum filter or a filter press.

Melters for low boiling sugar ought to be fitted with an
efficient agitator /impeller types are very suitable/ and with
a heating coil or a direct steam inlet. A simple density measu-
ring and indicating device is necessery and adjustment of mel-
tin liquid feeding by hand.

3,2.2.,4,5, Storing and handling of consumptin sugar

Comsumption sugar can be stored in bulk form or in sacked
form .

The maip characteristics of the bulk bin storage are:

Reduction of labor costs for loading and unloading by com-
ltete mechanisation.

reduction of freight sosts.

Great flexibility of sacking especially small packing.

sasier conditioning of the stored sugar.

Possibility for an additional screening, refressment of
the sugar befor sacking.

sulk bins made of steel or concrete in form of a vertical
¢ylinder are common. The main requirements on bulk sugar bin are:

A good system for conditioning and circulating of the sugar,
as to prevent caking ot the sugar stored.




Reliable convey system with a suitable, large capacity,
£fficient dust collectinz system and a safe explosior pre-
vention.

A suitable lining /insulation/ of the walls.

Auxiliary equipment of the sugar bin:

Conveyors for loadinz and unloading the bin and for loa-
ding of the sacked sugar in to transport units.

Heating and air conditioning eyuipment.

Just collecting equipment.

3creens, lump breakers and magnetic separators.

Scales for the sugar befor storing and combined weighing-
sacking machines.

Storing sacked sugar in warehouses is cheaper at first
costs but requires more space and more labor. However in some
local conditions it can be suitable at least for the begining.
All the sugar comming from drying and screening ought to be sac~
ked or packed simultaneously. Suitable larg capacity of sacking
is needed, Threefold, vent type bags of unbleached kraft paper
eventually with polyethylene oisture barrier are used. Bags of
50 kg are standard larger bags are inconvenient to handle. [he
bugs are pilled to & hight of about 40 bags though sometimes
also to 65 bag hight what is much higher than allouwd. A tie
pattern similar to brick laying is obligatory by stacking piles.
Wooden rackes ought to be sprayed on the floor as to hold the
bags awaym from floor moisture and to allow an air circulation.

Phe main requiremonts on a sugar warehouse aret

Good tightness of the building.

Water proof, —safe roof, walls and foor.

A bearing capacity of the floor corresponzing to the total
hight of the building.

A suitable air conditioning systea.

Auxiliary equipment for handling of sugzar:

Receiving hopper for the sugar produced.

Weighing-sackiag machines,

A precise contoll balance 1or checking of filled bags.

Reliable and sa’le mounted bag counters.

Portable conveyorsfor the filled bazs.
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A portable and reversible baj stacker of asu’.table hight.
Smell package machines - Completly automatic lines for for-
minz toe bag from paper rolls, weizhinz and filling the sugar,
closing the bazs are very complicated and require hig investment
cost and maintenance costs. Those filling ready made bazs are
much simplier but the bags are more expensiv then paper rolls.
[he plastic film, polyethylene fodl is very easy to form, fill
and seal. sachines very easy to handel and maintene are avalla-
ble for for polyethylene packing.
Packazes of 500-2000 Zr are common.
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5¢2e205¢ UTILIZATION OF BAGAS3SE

3¢24Ce5e1e Generalities

dagasse /megasse/ is the woody fiber residual after milid
ling and extraction of cane. This by-product, whic can amount
one fourth of the grounded cane containing one half of fibre
and one half of water, is commorly used as fuel for the gene-
ration of steam in the factory boiler house. In some cases /
high fiber content, additional use of oil to force the cena-
city of the boilers/ large quantities of bagasse can accumula-
te. l'he handling of this surplus basasse is quite expensive.
o avoid this *the surplus bagasse ought to be burned successi
vly after discharging from the bagasse conveyor, in a suitable
burning device, or it can be briquetted for locomotiv fuel or
domestic usage.

But depending on local conditions bagasse can be a valua-
ble row material for commercial utilization, in whic case o-
ther fuels are uged in the boiler house. The most important u-
ses of bagasse are the following:

5.2. 2.5020 PaQeI‘ ErOGQQtion
Commercially successful technologies for the manufacture

of paper from bagasse are developed in the past 30 years. 3o
in some counties /Peru, Argentine, India/ large quantities ot
paper of every grade are manufactured from bagasse /25=45.c00
tons annual production/

3.202.5.3+ Wall board production
In about one fourth of the Iuisiana mills the bagasse is

no more used as fuel but for the manufacture of building and
inpsulating boards, This process consists of sh.edding, coo-
xing and refining in paper mills. The board forming is carried
out by "felting". The boards from the forming machipe are dyed,
and cut into convenient sizes. Waterproofing, termiteproofing
chemicals or cementing resins can be added to the prepared ba-
gasse fibe to obbain special types of boards.

T

3,2.245.4, Plastics from bagagse

A successful process is developed also ior the production of
various plastics from bagesse /Thermoplastics, thermosetting/




4,0. 3ECURITY ANV SANITARY IDELINwS

4,0.1. [he main security problems

4,0.1,1, fMire and explosion risk /danger/

Juring transporting, screening and sacking of the sugar
the air inside the eguipment and around it is cuntaminated wth
finest sugar dust, forming an explosive mixture. In modern han-
dling sugar, especially by bulk bin storage there is a hazard
of serious portions, which has caused in the last years many
extensiic property damages and losses of life.

The main steps in explosion prevention are: A careful bo-
uskeeping as not to allow accumulating of sugardust on floors
walls, structural steel and equipment. - l1solation of the bins
from each other., - Dust-tight sugar handling equipment. - Sta-
tic eliminators at the bucket elevators. - Special eclectrical
syste. conforming the adequate rulls. - lust collection by air-
filters.

Similar fire and explosion dangerous mixer produces the
dust of dried pulp by pulp drying and storing of the dried pulp.
Ihe prevention is similar as before,

An other risk of explosion can cause the hydrogen gas ge-
nerated by cleaninyg the evaporators and heatere with hidroclo-
ri~ acid. By opening this vessels after cleaning smoking or "in-
spection" by open fire is not allowd. Careful houskeeping can
prevent fire in non processing period.

4,0.1,2, Poisonos, toxic materials

Poisonos materials in the sugar factory are: Ooz-gas espe-
cially by the ignition of lime kiln and by break downs in proce-
ssing. fhe personal ought to be intructed to recognize the pre-
sence of this zas by characteristic smell and to learn the pre-
ventions and help. - soa-gas if not dry it is very agressive
and can distroy tuves and valves contaminating the air and cau-

sine very haevy conaitions for operating. lubes of lead or stain-

le3s stecl and speciul valves and gaskets are to be used, - Lime
pow.on con be very inconvenient and disturbing in work if the
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quick lime transporting and handlig equipment is not suitable
for a dust free operation, especialiy when the hardness of the
limestone and/or quick lime is low. - Caustic soda, Formol, and
lime milk are also materials to be handeld carefully.

4,0.1.%, Zlectricity safety

These problemes are regulated by norms and presctiptions.
However it can be useful to take in mind the folloing ideas of
prevention: All live conductors are to be inclosed in grounded
metal, or provide a ground conductor in a nonmetalic racewxy.-
Only adequate and reliyble circuit protedtive and switch off
equipment can be used. - The electric system ought to be reli-
able so that working on energized conductors will be not neces-
sery.

4,0.2. Sanitary problems
At the manufacture of direc-consumption sugar high level

of cleanness and of sanitaries must be secured. Separate ves—
tiary /with showers, handwashing devices and adequate valves
for drink water/ for man and women are obligatory. For the drink
water system see under weter supply 5.0.2.5.

Dirt pits are to be avoided by making the fundations at
such a hight above the flore, that no pits are necessery. For
the washing of factory flore a suitable system of undorgi‘ound
canalization 1is necessery.

4,0.3. Environement problems
The main problem, the wast wuter treatment is sicussed at

the water supply 5.0.2.6. The other problems are probabkly not
so urgent as to be soved at the designing of the factory, how-
ever it is not useless to mention them.

Solid wast disposal - There are two common ways for this:
inceneratidn for combustible materials anc ssuitary landfill

for noncombustible materials.

Pulp drier emission - The exhaust gases from the pulp dri-
er containing pulp dust, molasses dust, fly ash causes the gre-
at part of air polution of the teel sugar factory.

Dusts - 3Sugar dust represents not only losses of sugar,
but an airpolutior too. Lime dust can cause air polution prob-
lemes and make necessery the use of a "dust pick—-up" system.




3oiler flue gas - A well constructed and handled gas or
0il fired boiler presents normaly no emission problems. The
main problemes are caused by coal fireing like: Fly ash what
can be controlled within acceptable limits by mechanical mul-
ticyclon collectors or by electrostatic colectors. smoke is
anburned carbon and can pe very often controlled in certain
limits by aueguate burning chamber construction for a given
type of coal end by careful operation.

4.0.4, lhe necessery minimum technig and equipment

The equipment for sugar handling, pulp drying and dry
pulp handling ought to be constructed properly as to minimize
the fire- and explosion risks. However the necessery systen
and equipment lor fire fighting must be at disposal evry mo-
ment. The minimum techniq and equipment peeded:

Hydrant pipe-line covering the whole factory site /beet
end, suzar end, pulp drying, dried pulp storage, sugar stora-
Ze, auxiliary shops, lubricant ana fuel storage etc./

Portable fire extinguishers ou:ht to stand ready for use
2t all places mentioned above.

Gazmasks for 002-, 30, and chlorin gases

Emergency lighting and low-vcltage circuit for transpor-
table lighting devices is inevitable /indispensable/.

Safety footpathes and safety clothes and safety glows for
eventual handling of loaded circuits are necessery.

Azbeatos clothes and waterproof clothes are necessery.

Boilers, pressure vessels and other equpments are to be
fitted with the necessery safety devices presribed by the por-
mes /staniards/.
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S5.0sl. Heat and electric power

5.0.1.1. seneralities
Ihe manufacturin, of supar, processing; cane or o=et, &na
of different oy products reqyuires a very lar;e smount oI heat,

The methou of transmission ol tne necessery heat by means of
steam jenerated in the boilers is the only out very suitable
one. Ihe sugar industry has developed a high efficiency system
of power economy producing electric 2nerzgy at low cost by exp
pandinz the high pressure boiler steam in steamturbines and u-
sing the exhaust steam from the turoines to heat the multiple
eftrect evaporator and for otner process units.

5.0.1.2. 3team boilers

rrom the afforesaid follows that only up-to date high ef-
ficient and economic bpoilers are used in the sugar industry
with the tollowins characteristics:

Water tube boiler ie. the heat is applied to the outside
ol Che tubes.

Vertical water tubes with good patural circulation.

the furnace is built as a radiation chamber tubed on &ll
sides.

fhe steam produced must be clean and dry /superheated/

I'he steam superhetins system ought to be suitable for a
complete drairage,

High thermal efficiency hence economisersnz and air hea-
ters are indispensable.

It must be safe in operation reguarding aesign and const
ruction, quality of material and workmanship, and suitable for
sudden changes in load.

It ought to be easy to maintain, to clean to lay by and
to handle /reliable control instrumentation/

In cane sugar factories very oft bagasse is used as fuel,
if 80 the steam boiler ie. the furnace ouzht to be specialy de-
signed with large radiation chamber and a suitable spreader sto-
cker for the appropriate feeding of bagasse.




A possibility of aduitional use or ather fuels peside ba-
Zusse 1is incispensaple ior the seglining ot season oOr emergency
cases.

Phe onerating pressure of ihe boilers depends on the elec-
sric power ugeded which n3s & trend of increasins caused by con=
stunt Jevelopment in =very sugar factory. Lhough the boilers u-

sed in sugar I-ctories sre considered as ''low pressure poilers"
/oelow ©50 psig,y “D «ns,cm"/ it is recomanded not vo choos & too
low presure, as to have the possioility to produce more electric
erersy than n-eded at tne first stase /450-600 psiyg is recoman-
dea/. [he exhausc stem pressudre ia usualy apout 45-05 psig and
tne turbine packpressure according to this.

The steam consumption ;iven in tons of steam per loo toms
of cane or oeet processed vraies in wide limits which are simi-
lar ooth ror cane anda beet, 450 - 600 t/loot. As concerning the
unit-capcities the tormer practice to nave & get of several small
shop-~assemblea boilers /so called packaged boilers/ is not eco-
pomic. sut it is not recomanded to have only one vpoliler suited
for the whole consumption. [wo or three units are recomanded with
somewhat higzher capacity eventualy with a possipility for forced
steail jeneration by usingj aduitional fuel as oil or natural gas,
in case of the braek down of one poiler or respecting future en-
larZement 0. the factory.

fhe type of iuel to ve used is very important for the desig-
per as to assure a nigh tpnercal efficiency of steanm generating.
py the ecopomic cousideratisrs in most cases the price of fuel
/including transportlng costs3/ is prevailing.

auxiliary equipn.nt of boiler houses:

joiler fans - a1} .tacks are not ipnstalled at present days.
he necessery uratfi le. air supply for the combustion is obtai-
ned oy drati fans wnicn remove the coabustion zasse and dischar-
-2 th-m to a 3uOTL stack. vorced draft fans are also necessery
to supply «1r ior comvustion though the zrate.

s0iler accessorics - Juperneaters are indispensaple not on-
ly for a petter hLeal sconony, but to reduce at a minimum the ero-
cion ol the turvine vlades wnich can be very 3trong in case of
Wt stods ., = sconeilsers Are to be fittec with soot blows. — Bo-

iler volves oasnt Lo De selectea carefu'ly ror the sake of reli-
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aoility and easy maintenance. - central automatic controli can
improve the ooilre efficiency, thz econony of lavor /ope man o-
peration/, the avarae operation rate and aeminish the boiler
outaes. aAmonyg others the most important functions to be con-
trolled are: water level in the boiler, ooiler steam pressure,
combustion control, temperature pefore and after superheating,
gquantity of tne stean produced, feed water level in the sore
receivers, sugar control in condensate etc.

soiler feed-water equipment - In order to maintair the in-
ternal boiler surface clean and free .f deposits or corrosion,
the quality of boiler-water and feed-water is to oe controlled
and maintained at a prescribed level. instruction for this ought
to give the manufacturer of the boiler. lhe higher the working
pressure of the boller the bigher are the requirement on the fe-
ed water guality. [here are special prescriptions in every coun-
try for the pressure vessels, where among others the minimum sto-
ring volume for feed water, apd the minimum capacity of feed wa-
ter pumps /two types are to be installed with electric and with
stean drive/ ere given., rFor a ''low pressure boiler'" the conden=
sate from the first effec evaporator body and some additional
condensate of an otner effect /which ought to be prootfed on con-
tamination by sugar/ can assure enough feedwater of the desired
quality. However a stand by unit, equipment for feed water prpa-
ratiou by filtering and softening of row water is indispansable
for emergency cases and for the beginning of procesing.

5.0.1s3. slectric power generation

The electric power consumption per ton of cene or beet pro-
cessed 1is in constant increase as mentioned affore. [his trend
must be taken in account by disignirpys the power plant. Because
of the utilization of exhaust steam in processing a nonconden-
sing turtine-generator is used in the sugarindustry for the elec~-
trkc power generation. A modern sugar factory power plant uses
inlet steam of 400-600 psig /<8-42 kp/cmZ/ superheated and gi-
ves an exhaust stem of 45-65 psig /54,2 kp/cm2/. Sometimes is
practiced to drive some large horsepower upits with separate di-
rectly coupled steamturbines /cape mills, compressors/.
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AS a suvar factory needs elzctric power in the period of
maintenance a stand vy usage of »urcnased power is necessery.
'his possioility is used, utilized also during the operating
period in the event ol power plant failures for supplying the
critical devices as emergency lightin;, ooiler plant an water
supplyin; system, uUsualy it is 2conomical to size this stand-
by source cf purchas:d 2leciric ener;y to cover only about 25%
ot the total consumption of the factory.

5.0.1.4, olectric power distribution.

3y designing the power distribuiton systeum the folowing
points of wiew are to ve taken in consideration:

maximum service reliability

wmaximum satfety in handlinyg

Low first costs and operating costs

Lhe modern solution Tor power distribuito: is the load
center distribution system by which the electric power is uzene-
rated at hixh primary voltaze, and is aistributed at this in fe~
eders at load cencer urit substations where the voltage is ste-~
ped down to the necesscery value suited for tne motors and other
aevices., ror the hish primary voltase valies ot 4loo V or o.ooV
are common, and 430V or 380V are stan.ard values {or the secon-
sary voltage. osugar factories asually have a radial distributi-
on system very auitaole vecause ot ol simplicity, low {irst

co3t 2n low maintenance coast,

Auxiliary equipment tor power distribution:

aroundinz - Zoth 3ystem-  rouunding end e uipment- rounding
are indispensabl: to ve properly carried out and maintened for
the safety of p2rsonal and property. wighting arrester 3ystem
is to be mentiovnea nLere toousi not as intearal part of the po-
wer distribution srst2m out 48 a8 very important safety system.

Jystem of overcurrent protection - xelays, direc acting
trips on circuit breakers, and fuses are used for this protec-
tion. nelays as the mosSt accurate, reliable types sre indispen
sable lor tie -enerator, standby incoanir; line and similar, Di-
rect actin trips are satisltactory tor most low votage systems.
“uses have a seriouas uisadvantage as .ney can cause a single-
phaze cendition uemaging motors an othe J-phase devices.
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5.0.2, Water supply

2.0.2.1, seneralities

Very large quantities of water are used in suzar factori-
es for different purposes /looo-1500#% by weight of bests proces-
sed or 700-10G0#6 by the weight of cane processed/, the yuality
of the water depending on the purpose used for. lhe water sup-
Ply and the wast water treatment is therefor a very important
problem which ought to be taken in consideration by the choice
of the location for a sugar ractory. nowever in the last twen-
ty years the comsumption of "fresh water' /raw water/ was re-
duced to a minimum /to about loow by the weight of beet proces-
sed/ by means of recuperation and clarification, or cooling of
wast water for reuse. But it requires large equipment and spa-
ce le. very high investment costs, and this method is ia many
cases a '"must" cf environement protection. At the building of
a new factory in some cases the use of large quantities of wa-
ter can be economically atractive solution and temporary a pos-

siole one, but the above "must" is to be taken in considerati-
on ror tne near future.

5.0.2.2. Row water

river water or fluwe water is always impure and contamina-
ted, but it is still suitable /in some cases after mechanical
settling/ for the largest consumers as: fluming, washing, ex-
traction tresh water, cooling =nd condenser coolinz water. The
row water pumping station is located. near the water source /u-
sualy river/ together with the settling basen /if necessery/.
3tand by pump unit and emergency curpent supply are indispensa-
ble here. The fresh water is pumped to a large tank located on
the highest point of the factory /usually over the corienser to-
wer/, as to supply the different cunsumers by gravity.

The wain characteristics of the row water to be determi-
ned ares

Water level of the river all over the year.

Temperature of the river water during the processing sea-
son,

Hardness of the water,

I'he quality and quyntity of suspended materials.
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SO cOonsumels like: ooviler leod watar preoarscion, cooling
3. Gau LAfDO=genersuar, ¢ooling oi paans and Cou ressors, Wors
king w-uer for water ring vecaum puaps and Compriss0rs, cooling
of hydrsalic ceuplin s, coolin ; or The massecuice. mechanically
filterea water /usuilly oy sand filters/ is nceced. iae filtered
water once used for cooling especially coolinyg of turbines can
ne reuszd 1oL 30me other purposes.

5¢0e2e4e ..OU wWATET

condensates fro. tae steam chest3 of all heating and eva=
poratin ; uevices are recuper.ted and carefully controlled on pu=
rity /concaninacion by sugar/. rhe hish auality conudensate from

axnaus' 3.eam is sent directly to she boiler teed water tanks.
some wauitionzl quantity of other conacnsate .8 needed o cover
the need of cuc boileru. ihe other condensates are retherd, suc-
cessivly expanded aud used for dirferenc purposes in tne factory
as: wasaing or the sucar in centrifusas, desweetening of 1iiter
cakes, meliing ol sugar, lime slaking, extraction /or impioici-
on/ etce The quantity of cordansates ootained inm orocesin; is
more chan eroush to cover all aceaz in tne factory ana the rest
is passed to the chanel &8 nov suicable tor sanitsry ass like
showers.

5eNeleYe urink water

Jrink water is indispensable inaboundant Luantity ana sa-
tissactory .aality. normaly 1t i3 used only for humarn needs ass
drinkin;, washing 500 @ring, laporatory, hyzienics. ‘nerefor 4t
rust oz regalarly controlleu ou aicrooiological and wechanical
contotinacion. sue dringwater conauit cun't oe ccnedted sitn o=
tuer Lube Lines. :i0r tne case ol ewergency i carn ve temporary
conecoed oy mens oL only one ingert pice vabe, /hica is 9 be

rremoveu C5 SO0N W3 NOL neccC2iserye.

1 06 ebe a3t water Lreatuent

..* gator Lreanment 13 a rrave pronlem 0 Wany 348r fac-
© 4.4 1ii over tne gorld iad Lhe first one of environenent pro-
cetion rooleaz to be solved ursently. It is out 01 Che scope
Lt i auper Lo .escribe in details the methods ol piological

. L cuion ot owast waters, but soae main problems ougnt to be
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quoted. [he sugar factory wast waters do not contain any direct
poisonous material, but the sugar and otner orbanic matters con-
tained are biologicaly decomposed by microorzanisms and a large
amount of oxizen is consumed oy this, if the wast wvater is dis-
charged in to a river the oxigen content of its water will be
reduced to such a minimum that the life for most apimals and
plants will ovecome impossible. If the river is not charged bio-
logicaly it can have a capacity to accept some .n1antity of bio-
logicaly contaminated wast waters without serious danger for the
enimnals and plants living in it. sut the rivers are going to be
charged rapidiy more and more with the developing industrializa-
tion and every country must take care and take adequate measures
to protect themn.

The first condition for an efficient solution of wast water
treatment is to design sauch a water economy as to reduce the wa-
ter consumption and wast water output to an economic mininum. It
is carried out by recuperating, clarifying and/or cooling of the
greatest part of wast waters and by permanent reuse of the cla-
rified water or cooled water. The reduced quantities of wast wa-
ter after the above treatments can be stored in large "pounds”
or "lagoons" and used for irrigation between two campaignes. 30~
metimes the soil of the pound is capable to drink in the whole
quantity of the stored wast water in this time. but it can hap-
pen that the only possibility to avoide the contamination of wa-
ter suplyinz source /river/ is a more or less expensive biologli-
cal treatnent of the wast water befor passipg it in to the river.

The location of wast water "pounds" ought to be determined
by taking in consideration the main cours of atmospheric motions
as to avoid the spreading of very unpleasent stink toward the
neighbouring habitations.

5¢0¢0e CO=gAS supply

Coz-gas is used in sugar factories to neutralise the Cal
added to the juice in form of lime milk at the juice purifica-
tion. Best sugar factories consume a large quantity of lime
though they produce allways the own lime in lime kilns at the
factory site. In that case Cozsas is obtained as a by product
of lime burning in sufficient quantity and quality. In the cane




sugar factories very oft only small quantities of lime are used,
and no Coz-gas. In this case lime is purchased in form of quick-
lime. At the refining of row sugar by carbonation method W, -gas
13 peeded for the neutralisation of purchased line. In this case

the boiler flue sases /combustion gases/ are to be used for the
carbonation., secause of the low concentration of UO2 in them, a
special construction of the carbonation device 1s neceasery for
the successfull use of this gas=s.

SO,gas supply

doz-gas is used for the acidification of diffusion water
/fresh water/ at processing beet, at the sulphitation method of
cane juice purification and for thick juice sulphitation both
at processing beet and cane. It cam be purchased as liquid 802
in many countries, what is the most convinient and most suita-
ble way for beet sugar factories, where an occasional shortage
of 30,~gas will not break down the processing, though it can
cause some inconveniences. But a cane sugar factory especially
with sulphitation method for the juice purification, must have
an absolute reliable and safe supply of 502-533. Therefor most
of the cane sugar factories /if not all/ produce the 50,-gas
for themselfs at the factory site by buruing sulphure in spe-
cial "sulphure furnaces" as describeu by the section 5420202076
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©.0¢ THERMOTHECHNICAL SCHuME OF [HE SUGAR HEAT SCONUMY

6.0.1s Generalities

The profitableness of a sugar factory depends decisively
on the heat economy ie. fuel consumption /except bazasse is u-
sed as fuel/, The basic princigples of the sugar heat economy
are: the multiple effect evaporation and the production of po-
wer by expandign the high pressure boiler steam in the turbine.

At the multiple effect evaporator the vapour evaporated
from the juice in one effect /body/ is used for the evaporati-
on of further quantities of vater in the following effect. Ge-
neraly as many kg of water can be evaporated from the juice by
one kg of exhaust steam feeded in the first body as the numoer
of effect is., In practice it is dimished by the vapour bleeded
off for Juice heating etc.

Utilizing the exhaust steam for the evaporation the power
in a sugar factory can be generated using about half of the fu-
el used in a condensinz turbine used for power production, as
the power generation is charged only with the additional fuel
over that required for processing stean gene :ation.

6.0.2. Heat econony

Supposing boiler steam pressure of =8 kp/ ca® /400 psig/
and temperature of 40000 /752°F/ and a turbine back pressure
of 2,53 k'p/c'.ll2 /35-50 psig/, as it is in common practice, the
steam consumption of a beet sugar factory producing only white
sugar, with a good thermic lay out and good working can be 42-
45 tons by loo tons of beet processed /without special thermo-
economic devices like thermocompression/. Similar low stean
consumptions can be achived by a can sugar factory producing
"plantation white sugar", with a good thermic design and good
work. On the other hand utilizing bagssse as fuel loo L of ca-
pe /with 14% fibre—-content/ gives about 28,5 t bagasss /with
48% moiture/ which can produce about 62 ¢ of the boiler steam
quoted above, ie. there is a surplus of bagasse, However de-
signing a cane sugar factory one must take care to £ind & go-




od heat economy as there will be more and more possibilities
for a moreprofitable use of bagesse than for fuel.

About 85% of the boiler steam production must cover the
consumption for power generation. The power consumptionof -a mo-
dern high-mechanized cane sugar factory is about 3.,0 EWh by
loo kg cane processed and it has an increasing trend. The spe-
cific consumption of the turbo-generator is about 11-12 kp/KwWh
of the steam described affore.

The proposed conception of the heat economy by design-
ing a new cane sugar factory 1s the following:

Po utilize the bagasse as fuel, with the possibility of
later modification of the boilers for the use of other fuels
/gas, 0il or coal depending on local conditions./

Boiler capacity ought to be abundant for emergency -:ases
and further enlargsements.

Working pressure of the turbine and ite capacity to choo-
se somewhat higher than needed at first time in order to faci-
litate future developments and enlarsements.

To choose a simplier scheme of steam, vapour and condene
sate distribution easier to conduct /quadruple effect evapora-
tor evantualy with an additional last body for alternate clea-
ping, evaporator bodies without forced circulation by pumps,
heating of boiling pans with exhaust steam/ still if it requi-
res somewhat higher steam consumption , which can be reduced
when the personal will be trained enough for a more precise
work, utilizing the possible surplus of steam and electric
power tor other purposes.

6.0.3%. Flow sheet of steam, vapour and condensate

Such abundant quantities of steam consumption are quoted
ip the rlow sheet of steam, vapour and condensate /for a direct
wnite can sugar factory/ presented. rhe distribution and the
quantities are similar for a beet sugar factory however as fu-
¢l 18 purchased /oil, zas oT coal/ the fuel consumption ought
to oe reuuced as far as possivle at the primary design and bu-

ildinyg of the factory.
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Fresh, superheated steam of 28kp/cm2 and 390°C is genera-
ted in the boilers 52t/loot cane processed/. One part of it a-
bout 58 t is expanded inthe turbine generating about 3000 KWh
of electric power. The difference 14 t of steam is throtled to
the pressure of the exhaust steam and passed to it., The obtai-
ned mixed steam is cooled down by adition af water, condensate,
and used for heating the first effect of the multiple-effect,
and for other consumers /heating of th: boiling pans, of some
jJuice heaters, steaming the sugar at centrifuging/.

The vapour generated by evaporation ie. thickening of the
Juice in the first effect is passed in to the heating chamber
of the second effect as to evaporate further quantities
of waier ie. vapour which is passed in to the heating chamber
of the third effect and so on. Some Qquantities of vapour are
teken away from each effect for other consumers, usualy Jjuice
heaters., Teh vapour evaporated in the last effect is of low
value and is sent to the condenser.

The condensates from each effect /from boiling pans and
juice heaters also/ are recuperated separatly and after succe-
ssive expnasion pased to the next effect receiver until all are
gethered in the last e¢ffec receiver from wher the hot water
pump furnishes it in to the hot water circuit for different
services. The condensate from the first body /of exhaust steam/
can’'t be contaminated by entrainements therefor it is passed
to the boiler feed water taks.

6.0.4, Bquipment for the distribution of steam and con-
densates

Boiler sbeam main line - Serves for turbine feeding. It
nust be designed and built /insulated/ most carefully as to a-
void or minimise pressure drops and heat losses.

Boiler steam throtling station ought to be large enough as to
to throtle 30% of the steam produced if necessery. An automatic
pressure controller coupled with the turbine back pressure is
indispensable.

Exhsust steam cooler with automatic control is needed.

Vents, instruments /manometers and termometers/ of high
class are required.




Flow-meters /indicating and recording/ for the measu-ment
of the quantity of the steam produced are necessery fcr cach
boiler and for the exhaust steam after cooling.

gxhaust steam pipe with a minimum pressure dropp and mini
num heat loss is required.

Condensate dischar;ing system ought to secure troublefree
discharging of heatign chambers when necessery raliasble condens
vessels zre to be used as to prevent blowing through of ths ste-
am.Condensat line ought to oa fitted with adequate sight glas-
ses and sampling coks for checking all 1lines.

condensate recuperati:;n taks ocusht to be fitted with sui-
table level controllers, level transmitters with controll val-
ves are mor reliable than mechmnical condens vessel. Level zlass
tubes for visual controll are necessery.

Condensate pumps of special type for hot water are needed.




7+0s UALITY CONTROL

7.0.1. 3eneralities

[ne main production goal of a sugar factory is the hish-
est possible yield on consumption sugar or susar output /per—
cent sugar by welght of the cane /beet/ processed/. ’he guan-
tity of sugar what enters the factory must be controlled in all
nhases of processing until it leaves the factory as consumption
sugar and sugar in the by products, and must be accounted for
periodically. during the processing there are som unavoideble
losses /as sugar in bagasse or pulps, in final nolasses and in
filter cake/ this are the "known" losses or determined losses.
But there are although "unknown" losses caused by destruction
of sucrose /due to high temperature, slkalinity and microbio-
logical activity, together with mechanic losses caused by en-
traninements, leakages and spillages. All this icsses can not
be eliminated but can and must be minimized. [he next equally
important duty of the analitical control is the control of the
quality of final products as to secure a standard required qua-
1lity of them.

7.0.2. hethods and equipments for analyzing

7.0.2.1. Sampling and averaging

he good sampling, avaraging and preservation of the sam-
ples /especially in the tropics/ is indispensable for the accu-
rate analysis. The special sampling methods and devices to be
quoted are:

a.- Bagasse sampling - [he simpliest and most reliable
sanpler for the bagasse is a longitudinal V-shaped metal thro-
ugh with the wiath of a carrier, which when held below the deli-
verinz chute, catches tne bagasse for the whole depth of the
blanket and for the full width of the carrier. 4 suitable con-
tainer for composition samples is required with a pad of adsor-
bent cotton soaked with 1 part of chloroforme and 6 parts of am-

monia and with a piston type 1lid.




zoria to preserve tne sample.

No 5 V-shaped aetal throu:inhs

20 ¢ vontainers with pad and piston type lia

De= 2w Julce saapling

It can oe qdone by automatic samplers, but it is recoman-
uea to take tne samples oy hand und to keep them in well stop-
perea containers in & small rerrigerator untill analizing.

) 6 uell stopperea containers of 1l,0-1,5 liter

w0 1 aefrigerator of 5o-loo liters

Ce= Sugar sampling - now sugar is to be sampled by an au-
tomatic sampler. for white sugar or refined sugar intermittent
hand sampling will serve. In evry case composite samples
are analized and to preserv them zalvarized ironm cans with fu-
nel tops are necessery.

No 5 cContuiners as described.

7.0.2... Ougar content, Polarization determination

sacharimeters ,polarimeters/ with monochromatic light and
International scale are used for guic routin det:rrinations.
Phe so obtained values called Polarisation /Pol, P/ are not qui-
te accurate as influenced by otner optically activ matters than
sucrose. As a wiae range of by products is analized by sachari-
meter it is recomanded to have both an automatic one with auto-
matic setting of the field and recording the reading and a clas-
sic one.

»0 1 Sacnarimeter with occular raading

.o 1 Automatic sacharimeter

7.0.2.%. DPotal solics, Jry matter or srix determination

For accurate determination of the solid matter in any soe
lution the gravimetric method by drying and weighing is used,

For routin determiration: instruments on the basis of spe-
cific gravity or aensity are usea sHydrometers i.e. floating
suvindles with gra‘uction in dezree Brix, 3x, i.e. percentage
by weight of sucrose 1p pure sugar solution, Pycnometers and
¥egtotal halances/ or the most quick and commonly used labora-
Loy ap arstas on the basis of specific light refraction the

41 et relract o ters.
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o 5 Pycnometerns

No 1 Westphal balance

No 1 Precision fefractometer wtih thermostate device
~nO0 3 Hand refractometers

No 1 Vacuum oven for su:ar drying

n0 1 Drying oven w~ith thermostat device 6o-l}o°c

No 1 Infrared rapid drier

7.0.2.4, Agsh content- Ash determiration

ash is the measure for the inorgamic-, noncombustible mat-
ter content.

Jravimetric methods by inceneration using sulphuric acid,
therefore the t erms "sulphated" or "grsvimetric'" ash, are used
for special high accurate determinations.

Electric-conductivity methods are rapid routin methods gi-
ving very reliable results especially when using a high-class
apparatus,

No 1 Conductometer, Conductivity-Resistivity Recorder

7.0.2.5. Hydrogen Ion concentration, pH determination

It is a very iazportant modern method for the control of
microbiological activity during processing cane or heet, and
for the controll of the purification unit processe /carbona-
tion sulphitation etc./

No 1 High class pH meter

7.0.2.6. Colorimetric da2;erminations

Color is a very important characteristic in the quality
control of all sorts of commercial sugar. Cherefore the color
of different intermediate products /juices and liquors/ is al-
so carefully controlled. kany different methods are still in
use in the sugar industry all over the world.

Methods of visual comparison by means of different appe-
ratus and scales /Stammer scale, Horn scale, Lovibond scale/
therefore this method can not be recomanded.

Photoelectric methods are carried out by photoelectric co-
lorimeters giving reliable results.

No 1 Photoelectric colorimeter /for turbidity determina-
tion also/
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Other laboratory ewuipment

No 1 Muffle furnace with temperature control 500-lloo°C

No 1 cCalorimeter with water jacket for heat value deter-
mination.

no 1 rhermostate box of 3%00-500 liters for microbiologic
incubation.

so 1 sinocular microscope suitable for photography too

No 1 Photo-camera

No 1 aAnalitical balance /rapid weizhins and digital rea-
ding type/

No 1 3pecial analitic balance /with knife edzes and bea-
rings in agate, with zero point adjustment from outside the
case and single-side arches on pans. Sensitivity 1 mg.

No 1 1500 gr capacity balance with sensitivity 1f 5 mgz.

No 1 Double-beam trip balance of 2 kg capacity on each
plate, sensitivity loo mg, weighing up to 200 gr without ad-
ditional weights.

No 1 Destiller for destilled water preparation

Ho 3% Dessicators

No 50 5lass cylinders from 50-looo ccm

No 20 Ylass dishes -with ti-ht fitting covers

No 5 aluminium flat dishes

No 5 Platinum dishes

NO %0 Porcelan dishes

No 20 Weighinz dishes

No 30 Cover glasses

No -0 Flascs

No %0 Funnes

No S5 sacharimeter tubes

50 20 Spindles for different Bx ranges from o~7> BX

No 15 lhermometers fron o-lSo°C

NO 30 Pipets

no lo Buretes with automatic "£illing"

»o 5 Maznetic mixers for liquids

a0 1 Set of acresns for granulated sugar
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7.0.%, Products and qualities to be analized

7.0¢5.1s 3uzar cane /sugar beet analysis

For the oreparation of cane /beet coset:.es/ the wet de-
sintegrarion wmethod is used /desirtegrating the cane /coset-
tes/ by means of robust industrial type mixers/, rrom the ov-
tained mixture tho following values are determined:

a.~ dugar coatent Pol by the sacharometer

b.- fibre content by washing out the fibre, drying and
weighing,

c.— The invert-, or reducing suger content as at 7.0.5.c.d.

No 3 mixers /slendors/ of adequate robust tType.

7.0.%.2. Analysis of the juices

a.= Juice purity /Purity guotient "4"/ i3 expressed in per-
cents of sugar by weight of total solids. Refrectometric Brix
and polarization are determined.

b.~- 3ettling control is carried out by meanz of a sradua-
ted cylinder in order to determine the quality of maddy juice.

Cco- Filtrability Piltration coefficient is determined by !
means of "Brieghel iMiiller" spyparatus.

No 1 "Brieghel iiiller" apparatus for filtrabill:sy test,

d,~ Determination of reducing sugars is very important
to discover and estimate the sugar losses caused by decompo-
sition of sucrose during processing -and to determinate ihe )
"grue sucrose" i.e sugar content of some products. There are 2
two methods requiring no special equipment.

Ihe Wunson-Walker gravimetric method and

fhe Lane-Eynon volumetric method.

e.~ Ash determination by conductometer.

f.~ dciditi and alkalinity are determined by titration.
i g.~ Phosphoric acid is determined by colorimetric method,

h.- Lime salts /hardness/ are determined by titration with
complexon for routin work.

i-pH values of the juices are determined by precize pH
meter or in the factory by indicstro-papers.

je=- Hor the syrups and massecuites the purity is deter-
mined commonly and the pH valuo. ‘é
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7¢043.3s Sugar quality anu analysis

as~ Raw sugars Ihe analyais by them, especially the polari-
zation has a ;reat economic importance as raw sugar is sold on
su;;ar-content i.e. available sugzar basis. lhe true sugar content
is determinea by the so called "double peclurization" mechod. The
classical single polarization value is called "direct" or "com-
mercial®™ polarization, which ought to be corrijated by multiply-
ing with the "polarizing constant" /relationsheep between pola-
rizetion, pol, and true sucrose, sucrose/

Reducing sugurs are determined by the Lane zynon metnod.

The estimation of moisture is carried out by a standard me-
thod of drying and wei_ hing /for instance by the serbia’s modi-
fication/, and it is very important to determine the "safety fac-
tor" /ratio between nonsucrose to the water in molasses film sur-
rounding the crystals/ indicating the resistance of the sugar to
microbiological deterioration.

ash and color are further essential characteristics of the
raw suzar,

b.- Refined sugars - A chemical analysis of tre hizh zrade
refined sugar is not necessery.

c.~- consumption sujurs- [‘he commonly used consumption su-
gars /3tandard sranulated/ vary in in wide ranges of quality,
from the "turbinado" grade /a high~test washed raw sugur/ thro-
ugh the plantation white sugar /plantation jranulated, direct
consumption' sugar, near-white sugar, off-white sugar/ to the
nigh grade direct sugar produced in beet sugar factories, which
differs sometimes very little of 3 high grade refined sugar. As
one can see there is a coufusing wide range or nomenclature what
is not defined exactly until now, It is therefore very important
o have the analitical characteristics of a white sugar as to e-
stimate the true gquality of is, as follows: The moisture content
ouzht to be less than o,lon as to avoid caking during storage. -
Ash content ought to be less than o,o4». - Invert sugar content
ought to be less than o0,0l%. - True sucrose more than 99,7. -
color determined by photoelectric photometer & /ixtinction/ ma-
«vimum tolerable loo. [he data quoted here aan serve only as o-
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rientation, but evry country can state his own standards.

7+.0.5.4. Bagasse /best pulp/ analysis

a,~ Dry matter is determined by drying in & hot air oven
and subseyuent weighing. It must be higher than 5o for bagasse,
and hisher than 20» 1or pressed pulp.

b.~ sugarcontent,polarization is determined from the mix-
ture prepared by the wet desintegration method quoted afore 7.0.
3¢le by the sacharimeter, It must be less than 5» for bagasse,
and less than l» for pressed pulp.

7¢0e3.5. Dried pulp analysis and quality
Moisture content of the dried pulp ouzht to be less than
12% by weizht of the pulp.

7:0.3.6, lolasses analysis and quality

The quality of the blackatrap molasses is variuble depen-
ding on the cane from which is made. sut the high-test molas-
ses of cane and commonly of beet ought to have a standard qua-
lity as follows:

a.- Total solids Bx about 85% both for cane and beet.

b.~ 3ucrose Pol about 27% for cane high-test molasses,
and about 50% for common bYeet molasses,

7.03%.,7. Limestone and lime analysis and quality

Some forms of limestorne and lime, even of the highest pu-
rity, are yuite useless for the sugar factory processing, beca-
use of cheir physical structure. When choosing a limestone mine
the burning test, carried out inoperation or in laboratory bur-
ning furnace, can be the best method to determine the suitabi-
lity of the limestone for sugarfactory use. Any tendency to
shrinkage, decrepitation and melting is a siin of the poor qua-
lity. Wheu this tests and the slakability test of the quicklime,
have given good results only routin visual control of the parti-
cle sizing and of mechanic impurities, and routin chemical con-
trol of CaCO5 content and 3102 content is made for every deli-
very.

a.~ The CaCOB content is commonly determined through the
burning losses,

b.~ The 3102 content is determined by gravimetric method, we-
ighing the insoluble dry rest after boiling in nydrocloric acid.
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Ce~ he determinotion of the available Ca0 in uickline
is the basic control for purchased lime. It is carried out by
slaking a determined quantity of the lime with suzar solution,
filtering and titration with hydrocloric acid.

d.- Slakability test is carried out by determining the un-

slaked rest /by dryinz and weighing/ after a slaking pariod of
lo minuts.

€.~ Coz-gas - The 002 content is determined by a volumet-
ric "“Oreat" apparatus /gas analyzator/. By coke fired kilns it
must be between 36 and 404 by the volume of the gas.

7.0.3.8. Anulysis of fuels

It is very important especially if coal is used, by which
large variations of the quality are possible.

a.- e determination of the heat value is carried out by
a suitable calorimeter.

b.- molsture is determired by drying and weighing.

c.- Ash is determined by burning and weighing.

7.0.3+9. Checking waste and boiler feed water for sugar

sugar in factory wast waters in small percentages can cau-
se large losses, All the effluent wast waters ought to be che-
cked regulary and systematicely as to determine /discover/ im-
mediatly the source of sugar losses, A qualitative method using
alpha naphtol is common for testing the condenser waters, boi-
ler feed water, factory sewer outflows etc. on the presence of
of sugar in traces, but it can indicate roughly the quantitae
tive relations too. [hers are available automatic analizers,
detectors, of suzar in wast- or boller feed water which are u-
seful buc not indispensable, A quantitative determination can
be carried out by sacharimeter but it ought to be only excep-
tionaly needed.

).0.4. Microbiological control

iris control is very important for the processing because
of the enorme suzar losses and oifficulties which can be caused
by microbiologic activity, and for the sanitary condition of the

consumption sugar produced and of the drink water.
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8.0, FEASIBILIIY STUDY

8.0.1 The main conditions to be considered

8.0 1.1. Mark.ting
The national sugar consumption is to be estimated at pre-
sent time and in the near future.

8.0.1.2. Growing of sugar cane /beet/

Ihe conditions for the successful growing of sugar cane
/sugar beet/ are to be studied carefuly as follows:

a.- Calculating the largeness of the suitable surface are-
as for cane growinz by an adequate cropsequence.

b.- 3tudying the climatic-, wether- and soil suitability.

ce - Kstimating the probable aield of sugar cane and su-
gar pro hectar.,

d. Sstimating the possible growing technology: moderm, lar-
ge scale mechanized production or/and small scale, extensive in-
dividual production.

8.0.1.3, Location of the factory

Micro- and macro-location ought to be stuaied carefuly, ta-
king in consideration several factors as:

a.~ The factory must be located in the center of growing
area.

b.~- It ought to be as near as possible to an energetic so-
urce: fuel /coal, oil,gas/, electric power for emergency cases
and for the non processing period.

¢c. = The suitable water supply and wast water disposal o-
ught to be secured.

d.- A large near sugar consumption center is very advanta-

geous.

e. — It oight not to disturbe the neighbouring residenti-
al areas.

8.0.1.4. Purchassing auxiliary materials

The possibilitiespurchassing fuel, 1ime stone, coke, sul-
phure, paper bags for the sugar and so on are to be estimated.
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8.0.1.5. Trunsportinz problems

fransporting and trafic conditions /roads, railway system/
ought to Le estimateu ib the growing area and for longer rela-
tions. Jransporting costs for the transporting of aaxiliary ma-
terials and of sugar ought to be studied.

he regular, troublfree transporting of the cane /beet/
is very essential for the successful operation and zood utili-
zation of the procesing capacity. [herefore it must be studied
in details /can the producer, Jrower manage the trarsporting by
himself or/and the sugar factory ougnt to angage his own tran-
sporting units or of someone else etc./

The transporting within the factory site ought to be studi-
ed also to determine the necessery number of inloadirg devices,
of tractors with self unloading tracks for solid wasts. I'he pum-
ber of passenger cars and busses oght to be determined.

8.0.1.,6. Power and water supply

Power and water supply and wast water disposal ought to be
studied in details anl the necessery allowences of the othori-
ties ough to be obtained.

8.0.1.7. Necessery personel

Pne necessery number of parsonel /staff/ ought to be de-
termined /engineers, technicians, specialized workers, skilled
and manual latourers, clarks etc/ and the possibilities for get-
ting them and/or traineng them ought o be estimated.

8.0.2. Procedure of slaboration 1lf the feasibility stud

8.0.2.1, Estimatior of the suitabilities

A thorough and detailed analysis of the affore mentioned
indispensable suitabilities is to be carried out, for the suc-
cessful esta-lishment of a suzar factory or sugar industry.

8.0.2.2¢ Production zoals
rthe most suitable production zZoals ought to be determined
taking in consideration the followins:

8.0.2.2.1. Final products

Phe assortiment of the final products /sugar/ ought to be
tne sizpliest possible as a period of sowue years /3-5 years/ is
necessery for tne labour staff to Zet the necessery practice

i
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for a moreprecise and more complicated operation.I% ts suppos-
sed that the newly established sugar industry ought to cover
/secure/ the national sugar consumption at the first time. if
80 a marketable white sugar of somewhat variable quality which
can meet the domestic requirements could be the most suitable
and most economic final product, as it cam be produced by u-
sing a simple and cheap method for Jjuice purification /sulphi-
tation/ and a direct boiling scheme i.e. without remelting the
produced final sugar for further purification and crystalliza-
tion. dowever, the future development of the sugarfactory is
to be estimated /production of a quantity of refined sugar,

of cube sugar.etc/, as to take it in account by designinz.

8.0.2.2.2. The use of by-products

a.~Molasses can be used for alcohol production, can be de-
suzarized by the Steffen process /blackstrap molasses from cane
are not suitable for desugarizing/ and can be used as animal fo-
od. At the first time the most convenient solution is to sel the
molasses if possible. Anyway the utilizatior of the molasses o-
ught to be strictly determined as it can’t be treated as a wast
because of its value and because of the environment problems and
troudbles it can cause.

b.- Bagasece is commonly used as fuel for the boilers, but
usualy there is a surplus quantity of it which ought to be u-
sed for other purposes /briqueting for domestic consumption as
fuel/ or it must be burned as wast. However, depending on the lo-
cal conditions bagasse can have a more economic utilisation /pa-
per production, wall board production/.

c.~ Beet pulp is a very valuyble cattle food in fresh sta-
te and driei. By wet siloing 50% of its food value is lost. 3o
drying of the whole gquantity of extracted and pressed pulp 1is
the most, if not only, suitable solution. If the utilization of
the pulp is not secured it can cause hard environmental problems
and break-downs in the prccesing of the beets.

8.0.2+3. Processing capacity and seasson
The suitable processing capacity and the duration of the
processing season ought tc be estimated as folows:




8.0.2.3.1., [he suitable capacity

The suitable caracity is not alwuys the most economic one.
As an aconomic minimum capacity can be taken 1500~-2000 metric
tons of cane or beet dayly proeessing. Larser capacities are mo-
re profitable, therefore an enl . rzement of the new factory in
the ear future is inevitable and ought to be taken in account
by desisning the factory. rhe initial optimal capacity depends
on many factors the most important being:

a.- Possitliny ot stcrage of the row material - By pro-
cessin; suzar cane there is no possioility for a long term sto-
rage of it. By processing sugar beet there is a possibility for
long term storage in cold climates, but in hot climatic conditi-
ons there is not.

b.- Iransporting methods and capacities - 1f the cane /ve-
et/ is transported by animal drown carts the processing capaci-
ty is limited beyond the economic minimum. Therefore the trans-
porting of the cane /beet/ must be partly or entirely mechanized.

c.- Possibility of storage fo some intermediate products. -
Thick juice storage and partially row sugar storage is practi-
ced in many cases at present day. It can be utilized very eco-
nomically by a future enlarsemert of the factory, emnlarzirg on=
ly the beet end of the factory.

d,~ The available traipned, specialized staff is an essen-
tial question be determining the factory capacitye.

8.0.2.3.2. [be optimal duration of the processing season
/campaisn/ depends on local conditious mentioned above and so-
me other. Anyhow it is of esential influence om the profitable-
ness i.e. capital service, so it must be estimated very carefu-
1.

8.0.2.4. Purchassing preliminary offerts

Preliminary effert of some well-¥known contractors wiib a-
dequate reference.s ought to be purchassed for a turn-key deli-
very of a complete ractory, with specified unit prices, as to
»stimate the up-to-uate prices and other conditions of delivery.
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8.0.2.5, Investment costs

The investment-— or first costs ought to be estimated ta-
king the following main items in consideration:

a.- Preliminary preparation and designing costs

b.~ Investment costs for the buildinz objects /processing
halls, bureaus, laooratory, sanitarys, shops, store houses, ro-
ads, railway, canalization, water supply, wast water disposal/.

Co.~ Investment costs for the machines and equipments.

d.~ Investment costs for transporting of the equipment.

e.- Lnvestment costs of mounting /and insulating/ the e-
quipment, pipe-lines, electric distribuition system, automati-
on circuits etc./separatly specified for each sroup/

f.- Other different investment costs /custom duties, asu-
rances for transporting and mounting, training; of the personal,
take over and other controls by the authorities etc/

8.0.2.6. Production costs and profitableness

The production costs and the profitableness ought to be
estimated on the basis of the following main items:

a.- Jugar cane /beet/ price fco factory

b.~ Fuel price - " -

c.- Lime stone and coke price - " -

d.~ Uther auxiliary material prices

e.- Amortisement rates of the buildings and equipments.
For the buildings an amortisement term /perio/ of 50 years is
common, and for the machines and equipment 1,-15 years depen-
ding on the type of the unit and on the load in operation,

f.- Annual 3nstalments of the investment credits.

g.~ Working capital costs /The annual interests and annu-
al installments if there are/

h.~- Maintenance costs

i.,- Vages

j.- Taxes, asgurances

k.-uther different costs




8.0.3. financial problems

8.0.5.,1., vrediting tne initisl costs

Phe necessery financial means of the investment costs o=
ught to be secured /obtained/ by crediting. Usually long term
credits on Zo=25 years are common and necessery for the estab-
lishment”of a sugar factory. The other conditions are out of
the scope of tnis paper.

8.0.3%.2. e necessery working capital

The necessery working capital by establishing a new sugar
factory ought to be secured also by crediting. The rate of turn
of capital, the service of the capital is very low in the sugar
industry 1-1,5 yearly dependirng on the processing capacity, au-
ration of the processing season and otvher local conditions.




B8.0¢4. wlaboration of the tender

8.0.4.1. seneralities

The main features /characteristics/ of the factory to be
errected ought to be determined and some details wre to be de-
scribed as closly as necessery to avoid misunderstandings by
the treatment of the offers, but in such a way as not to demi-

nish the responsability of the general contractor, desizners
and equipment manufacturers in any way.

8.044.24 Completness of the delivery

"Turn~key" delivery which secures complete quaranty and
responsability of the gemeral contractor /for the completness
of the factory, for the quality of the machines and equinments
and for the technologycal efficiency of the methods and equip-
ment/ is to be reqguired.

8.0.4.3. Production goals
Production goals: capacities, assortiments /auality of the
final products and by proaucts/ ought to be determined.

8.0.4.4, Unit processes and equipments

The wanted methods, unit operations ouzht to be stated in
general /continuous or batch method, the type of the diffuser,
the method of purification as sulphitation cr carbonation etc/,
with the specification of the most important equipment and of
the wanted stand by units. It must be stated very carefuly as
notto deminish the responsability of the general contractor.

8.0.4.5., Technological guaranties
The required technological guaranties ought to be stated %
as specified in the section "Final take over-guaranty proof"
? lo.0.2.

} 4,0.4.6., lechnical documentation

| The required technical and technologycal documentation
ought to be stated as to secure the completness of it and to
avoid misunderstandings. All the docurentation ought to be de-
livered in two coppies with the corrections made during errec-

tion.
FPor all builden; objects: 3Static calculations and building

planes /designes/.



for the machines and egquipments: asembly cdrowinjs, suide-
lines for handling /operation/ und maintenance, spare parts
specitication with adeguate scnemes, lubrification plane are
to be reyuired.

for the pipe-lines complete mounting dr.owirngs with the spe-
citication of the valves and other accessories.

For the electric nower distribution system: complete mo-
unting drowings and one line /one pol/ schemes.

For the automation circuits: complet: mountinz drowings
and guidelines for handlin; and maintena:ce are to be required.

For the pressure vessels: complete assembly drowings, sta-
tic calculation, certificates for the raterial used, for the wel-
aing electrodes used and for the welders.

For the technolo:y: guidelines for operation, emergency
cases and the parameters /normal values/ to be controled.

8.0.4.,7. lerms

fhe wanted term of setting in operation /eventually of the
desizninz, delivery of the documentation, delivery of the machi-
nes and equipments, readiness of the building objects for the
nounting of the equipments, end of mounting etc/

8.0,4.8, duties of the general contractor

Conditions and duties of the general contractor concerning
setting in operation of the factory and the training /instruc-
tion/ of the =pecial stafti of the investor.

8.,0.4.9. Mechanical guaranties
A term /duration/ of the mechanical zuaranties of two sub-
seyuent processing seasons is usual.

8.0.4.10. JStandards /Norms/

Jtandards /norms/ and prescribtions of authorities ought
to be stated which are to be respected by designing, building
and mounting, and by any guerel or nisunderstanding.

|
?
%
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9.0 SPECIFICATION OF MATERIALS AND 3SPArdS PADS

9.0.1. Building materials

9.0.1.1.Concrete

Reinforced concrete is used more and more in building in
the sugar industry, but some precautions are recomanded, Just
a small quantity of sugar /o,l%/ in the fressh mixed concrete
can impede the setting of the mixture and to destroy the whole
quantity contemineted, on the other hand after settiing concre-
te is quite rusistant to suger, but different acids, decomposi-
tion products of the sugar, make a serious action of corrosion
on concrete, therefor the surfaces of concrete, mortar aud
brick exposed to direct contact with sugar or sugar containing
products ought to be protected by a suitable lining. The floors
with ceramic plates or eventualy with asphalt; pattens, founda-
tions walls with a suitable sheating of resins on PVC, PVD or
other basis. Por building frames /sceletons/ of processing halls
steel profiles are the most suitable and preferable because of
the plasticity and possibility'of future conversion, rebuilding

- or reinforcement. But concrete is in many cases mors resistant

to atmospheric corrosion.

9,0.1.2. Steel and steel profiles

They are also in commop wide use for factory or other bul-
dings or building frames /beams, bearers, coumns, trussing doors,
windows etc./, having many advantages mentioned affore vapour and
bhumidity constantly present by processing do not cause deforma~
tion of them but can cause serious demages by corrosin if theye
are not properly protected.

9.0.1.3, Wood

Wood is to be replaced by concrete or steel evriwher it is
possible because of the deformations caused by humiditi, fire-
hazard properties higienics etm.

9.0.1.4 Refractory materials.

They are widely used in the sugar factories for linings
of boiler-fire-chambers, furnaces of pulp- or bagasse dryers,
of lime kilns etc. At the last the refractory lining is exposed

not only to high thermic load, but toa high mechanic load too
/pressure and friction caused by the filling ie. limestone and




coke/. Ihere are many types of materiallike chamotte, magnezit-
chromit, silica etc. Refractory bricks of standard form and pur-
pose-mude bricks, protilated bricks are necessery, and refracto-
ry mortar with stampir.s mass also.

Y9,0.2, saterigls for buildinz processing equipment

Y¢042+.1, 3teel is the most common material used for machine
and equipment buildin; in the sugar industry in form of rollea
profiles and plates, and of corse tuves.

9.0.2.2. Cast iron/grey and steel cast/ has also very wide
use in the suzar industry.

9.0.2.3, Brass is very often used for smaller parts like:
slives, bearing linings, smaller valves, bushes. dSut it is in so-
me cases replaced by steel or atainless steel. Heating tubes, e-
vaporating tubes are now days made mostly of steel, impellers of
centrifugczl pumps of steel cast,

9,0.2.4, stainless steel is used more and more, but it is
still very expensive a&s to be used for the comstructior of a whol
equipment or similar wide use. dvaporating tubes of stainless
steel are sometimes used but one can't =3y that it is an eco~
nomical solution. he ejuipments for extraction /both can or be-
ot/ are exposed to the highest action of corrosion and it is ne-
cessery et some parts of them are made of stainless steel and
the other parts in contact with sugar ougt to be protected by a
suitable lining of staknless steel plate or a suitable resin coat.
for some special purposes like: tubes, vents and instruments for
30,-Zas supply, slives for Cuz-gs compressors and sfahts for o-
ther pumps, different screens, elements of automation transmit-
ters aud control-valves stainless steel must be used.

4.0.2+.5. Packing materials gaskets have wide use in the su-
car industry tor different pupposes. Ihe required quality depends
on the workin; condition. [he most common materials are: sabestos
felts, azbeatos cords, ;raphited cotton cords, rubber felts and
cors, teilon corde etc.
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Y.0.3. Spare parts

It is not easy to make a 300d selsction choice of spare
parts, because the investment cost for this purpose must be 1li-
mited, but it is not possible to forsee the possible failures
durin; the work of the machines. However it is possible to anu-
merate the most common parts usualy taken as spare parts., As
concerning the stand-by units of single units, machines they
ought to be choosed very carefully. Except some emerzency cases
like boiler fedwater pumps and similar it is not possible have
a loos reserve. For pumps and machines which ought to be clea-
ned periodicaly one can combine a stand-by unit rfor a group of
two or more units, likes filters, Jjuice heaters, beet slicing
machine, cene knives, eventualy last evaporator body in a cane
sugar factory.

Machines with the most common spare parts:

Pumps = spare impellers /rotors/ for every pump and spare
shaft for thos without stand=by unit are necessery.

Waterring compressors and wacuum pumps -~ one common shaft
wvith impeller is enough for each type.

Belt conveyors some rolls and belts as common reserve for
severel unit of the same type is enough.

Knives for cane "knives" /or beet slicers/.

Some rolls for cane mill-tandens.

Filter clothes of synthetic for each filter one set.

Evaporator - heating tubes 25% of the quantity built 1in,

Juice heaters - heating tubes 40% of the quantity built in.

Tube cleaning blades and bruches ten pet of each.

pH-meters - six sets for each one.

Vacuum pans - heating tubes lo% of the quantity built in.

Centrifuge ~ one driving set for each type.

Centrifuge - one basket for each .ype.

Centrifuge - one or twoo set of fine perforated screen for
each unit.

Centrifuge - one set commonfor each type, of backing
screen.

Centrifuge - one set common for each type of intermediate

woven screen.

G .



Centrifuge - One common set of automatic control an progra-
ming devices for each type.

Centrifuge - One common set of washing sprays for each type.

boiler - Some grate bars as cormo>n spare for all boilers.

boiler - Une shaft with impeller for the primary air fan
as common spare for all boilers.

boiler - Some water-level control glasses as common spare.

boiler - A small qQusntity of all types of fire-proof tubes
for eventual repair.

boller - Some sets of special welding electrodes for repair.

boiler ~ A small Quantity of refractory materials.

V~belts -~ some pieces /enough for the larges set/ of every
type.

Belts for revolution-variators one piece /or set/ for every
unit,

selts of other type some pieces of evry type.

Chains for bucket elevators - one set for evry unit.

Ewart chains one set for every unit.

Wires for cranes and 1lifts the lonizest piece of every type

Screens - Une piece or some segments for every type.

Tubes and flanges ~ A small quantity of every dimension.

Vents and valves - Some pieces of all sizes except the lar-
gest sizes.

Thermometers - some pieces of the most important type.

Manometers some pieces of the most important type.

3ight glasses /with proof-certificate/ some pieces of every
type.

Level glass-tubes like affore.

Gasket rings - some pieces of every type.

Roller bearings - Some pieces of those difficult to obtain.

Guanrd rings - Some pieces of each type. |

Automatic controllers - Une set of the most important types.

Parts for the a utomatic control devices.

Ceramic hydrcciclons - one or twoo pieces of every type.

Recorder diagram-papers - the required quantity for twoo
seasons /campaignes/.

slectromotors only some pieces for the most critical drives.

slectric switches one piece of the important type.

|
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Ampermeters - only some pieces, one tor each important type.

Votmeters - like affore.

Overcurrent protection - relays and directacting trips sone

pleces for each important type, fuses some pieces of every type.
nlectric bulbs, signaling lamps for the automatic devices

and the control panels some sets for not easy to purchase types.

9,004, siachines and tools for the maintenance shops.

9.0.4.1, Machine shop

Universal lathe 2.000 mm.

JUniversal lathe .000 mm

Universal lathe 6,000 mm § 720 mm

Universal milling machine 600 mm with spec. accessories.
Slide grinder

Universal shapin machine 600 mm

Automatic circular saw grinding machine.

Pillar drilling machine ¢ 40 mnm

Pillar drilling machine § 52 mm

Bench drilling machine § 15 mm

3 Universal electric hand grinder

1
1
1
1
1
1

Abrasive hand cutting off aachine

Blectric hand grinder with right angle spindl
Plate-bending machine for 8 am plates 2000 ma

Plate shearing machine for 6 mm plates 2000 mm

Hand operated lever and cutting machine for 8 mm plates
Hydraulic sawing machine

1 Gommon type sawing macnhine

1

Blectric hand drilling machine 1o mm

2 Hand drillinz machine lo mm
3 Iransformer welding set

3 Gas welding se

2 Acetylene generator set

1o Oxigen cylinders

lo Acetylene gas cylinders

1 Smith'’s forge

1 Spring hammer of 75 kg



with
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1 Set of smith’s tools

loSet of mechanical tools

1 Plate bending machine for lmm plates looo mm

1 Set of tin smith’m tools ‘
2 3et of insulator’tools

1 set of vulcanizer'tools

1 set of plumbers tools

lo Chain pulley block 0,5 - lo ¢

2 Hydraulic lever of 3o ¢

2 Hydraulic lever of 20 ¢

1 Lifting winch of 15 ¢ with hand or electric drive.
3 Rack type jack of 2 - 5 ¢

2 Evaporator tube cleaner with pneunatic drive

2 Heating tube rool-in machine, mandrell machine

1 Portable compressor for air pressure of 6 kp/cna,

a reciver of 500 1.

No
No
No
No
No
No
No
No
No
No
No
No
No
No

No

9.0.4.2. Electric shop

Universal Amper-Volt=—uhm neter

Megaohm meter for 500-1500V

Phase-meter

Wheatstone-bridge

Mapermeter pliers

Electric tasting set

Drying chamber for electromotors
uraounding-rsistance measuring instrunent
Small transformer welding set

Cable fault detector /tracer/

Sets of standard electric maintenance tools
Hand car

1 Bench drilling machipe ¢ 15 mm

1 Electric hand grinding machine
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9,0.4.3. Automation shop

1 Precise lathe 800-1000 mm

No 1 Sensitive bench drilling machipe ¢ lo mm
No 1 Fine bench drilling machine g 5ma
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No
No

Fine bench grindin; machine
¥ilianpermeter 60 mA
No 1 Checking /verification/ manometer 0-25 kp/cm2 ¢ 3oomm
No 1 Checking /verification/ manometer o-50 kp/cmzé' 3o0mm
‘ No 1 ick testing instrument for conductivity sinmulating
loo-Ohns- lo-uwQhms, portable type.
No 1 Portable pressure testing and simulating instrument
No 1 Fixed pressure testing instrument with liquid column
No 1 Tension and current testing instrument
No 1 Manometer checkin; device
No 1 Thermometer checking device
No 1 Checkin /verification/ thermometer o-150°C

Y
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9.0.4.4. Building and Joinery shop

No 1 Concrete mixer 500-1l000 1

No 2 Goncreting vibrator

No 1 Air feed stoper for drilling concrete

No 4 Set of brick layer's tools

No 2 3et of carpenters tools

No 1 Upniversal planer

No 1 Bench saw /band saw/

No 1 3et of joiner's tools

No 1 Set of stand-pipes for temporary scafolds.
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