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This report covers 8 Unfited Natiens Industrisl Developsent Orgenization
Project in the People’s Repudlic of Chine cospleted betssen Jenuery 28th
ond Februery 231d, 1985. It wes sssigned nusber DP/CPR/B2/005/11-06/31.7.C.

The ststed purpose mes "To strengthen the cepsbilities of the Cene Suger
Industry Resserch Gastituts in the field of suger procsssing, utilizetion
of by-products, snd the sbstement of pollution so as to nrepere s better
foundstion for the estsblishment of e Netionsl Cene Suger Induntry Reseerch
Center.”

The ssrvice request called for lectures on the lstest suger boiling tech-
niques, including inetrusentstion sveilsble for operstor assistance end for
sutometic regulstion of the boiling process. Suggestions Por isprovesent in
suger quality snd reduction of present snergy consumption were desired es
well ss mesns to improve the quelity of elcohol meds from the by-product mol-

Lectures were given to members of the Csne Suger Industry Resesrch Instituts
end to sembers of the Cuengzhou Factory steff as well es » dey-long symposium
for delegates fros other Gusngdong Provincs fectories st the Science Hell {n
Guengzhou. At s leter seeting written questions from the delegetes were
snswersd st the Cuengzhou fectory swhers they were sble to observe some of the
sxperisental work in progress. While weiting on pens st the GCusngzhou Fectory
e grest desl of inforsstion wes imperted to the essisting Institute steff on
the subject of suger boiling in genersl, psn probless thst had been encount--
ered over the yesrs snd sven a short course on practicsl sutosstic control
epplicetion in sll industriss.

Copies of erticlus regarding suger crystsllizstion, boiling tschniques end re-
leted subjects were left with the people st the Resserch Institute for repro-
duction in their publicetions as they ses fit. Also copies of instruction
forms end opsreting instructions for the verious specisl messuring instruments
mede for the suger industry of our ssnufacture. Cherts giving ssturetion date
on syrups from meny sources snd solubility detas will be feund useful in
dissemineting informetion te the suger industery fn Chine. Also Purnished to
the inetitute were reprints of technicel erticles on sutometic centrol theory
thet should prowq to be of much guidence to those sdding nes controls to the
verious stetions in sugsr fectories in Chins,
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This report covers 8 United Netions Industrisl Developsent Orgenizetion
Project in the People’s Repudlic of Chine completed detssen Jenuery 28th
end Februery 23rd, 1985. It wes assigned nuaber DP/CPR/82/005/11-06/31.7.C.

The stated purpose mes "To strengthen the capabilities of the Cene Sugsr
Industry Resssrch Castitute in the field of suger processing, utilizetion
of dy-products, snd the sbatement of pollution so ss to /srepare a better
foundstion for the ssteblishment of o Netionsl Cene Sugsr Induntry Reseerch
Center.”

The ssrvice request called for lectures on the lstest sugsr boiling tech-
niques, including inetrumentstion sveilsble for operstor sssistance and for
sutomatic requletion of the boiling process. Suggestions for improvesent in
suger quelity end reduction of present energy consumption wers desired es
well os meens to improve the quality of elcochol meds from the by-product mol-

Lectures were given to members of the Caene Sugsr Industry Research Institute
end to sembers of the Cusngzhou Fectory steff ss well ss » dey-long symposium
for delegstes fros other Guengdong Province factoriss st the Science Hsll in
Gusnnzhou, At o later seetino written questions from the delegstes were
snswered st the Guangzhou fectory whers theay wetre sble to cbssrve some of the
expsrisentsl work in progress. While weiting on pens st the Gusngzhou Factory
e greet desl of inforsetion wes imperted to the sssisting Institute staff on
the subject of suger boiling in genersl, pen probless that had been encount--
ered over the yssrs and sven s short course on prectical sutomsstic control
epplicetion in ell industriss.

Copies of erticles regsrding suger crystellizstion, boiling techniques end re-
leted subjects were left with the people et the Resesrch Institute for repro-
duction in their publicetions es they see fit. Also copies of instruction
forms end opsrating instructions for the verious specisl sessuring instruments
mede for the suger industry of our senufscturs. Cherts giving ssturetion dete
on syrups from meny sources end solubility dete will bs feund useful in
dissesinating information to the suger industry in Chins. Also furnished to
the institute were reprints of technicel erticles on sutosstic centrol theory
thet should prowq to be of much guidence to those edding mes controls to the
verious stetions in suger Tectories in Chins.
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The request for essistence 8lso called fer edvice on weys to improve the
quelity of slcohol being produced fros by-product mnlesses but spperently
the urgency of this project hed sbated. Howsver, we did supply inforestion
on the subject in the for~ of sketches of improved still systess for ssking
sldehyde, sster and quality spirits free of heavier components so they would
spprosch cologne spirits in quelity sithout excessive stesa consumption. The
people at the Sugsr Instituts will be free to contsct us if the improvesent
of slcohol quality sgein bscomes urgent,

A. Cuengzhou Fectory

All the investigative sand experimentsl work conducted with the steff membders
of the Cene Suger Industry Resesrch Ingtituts wes dons et the Cusngrhou Suger
fectory which is located on the Pesrl River Delts s short distance froe the
center of Cusngzhou. It is reted to grind & nominal 2600 tons cens per dey
shich is reputed to be the cspacity of mest fectoriss in Chine. Its juice
purificetion system is somewhet unique since ft uses first end second carbon-
stion and sulfitation very similer to s normel beet sugar fectory end thus
sossshet different from most of the factories producing plentstion shite suger
in Chine, But this intsrfered not et ell with our invastigetion of sugar
boiling methods.

At Cuengzhou Fectory, finel "A” suger is boiled from & mngme footing of "8~
sugar in syrup. "C" sugsr is sll remslted into syrup from the eveporstor.
Typicsl "A" messecuite 92 puritys "B” messecuite., 80 pusity end "C" messsecuite
SS purity sith sbout 32 purity finel solassses., These figures shos quits good
crystsl yields on total solids of 60%, S5K end 34K respectively for the thres
boilings.

Centrifugel operetion snd washing lssve rood for improvesent. Weshing is done
haphezardly with & hesvy streas fros s hand-held hose, gensrelly before the
sechine hes atteined meximum speed and syrup sdequetsly purged from the crys-
tels. Separastion of green end wash eyrups is dons on the whim of the pertic-
visr operstor so it is doubtful thst good seperstion is sdhieved. Wesh syrups
ore used to top off their respective psns end generslly contain fine crystals
es PO cesns ere providad to heet aost pan r.torage tenks.

Pesne sre dropped to receiving tonks snd gensrelly held for e whils before
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delivery to the centrifugel feed trough which is good es it gives tise for
the highly oversetursted sother liquor in the sessecuits to drop towerd set-
uretion froa the high level st pen drop end deposit suger on the existing
crystals. '

Suger discherged from the "#" centrifugels is cerried wis s gresshoppsr con-
veyor to the boot of & bucket elevator conveying it up to s single gressbop-
per scresn. The only conditioning the dssp suger receives is the eooling on
the conveyor end screen ss thers is no hot air grsnuletor ead thers ote ®o
plows for the centrifugsl basksts so msny chunks of sdhering crystals resein
on the screen and sre semoved ss oversize,

The production suger lies between 0.8 snd 1.6 am with e sesn spersture about
1.13 s=. It wes nct possible to detsrsine what suthority specified this large
grsin size. Ricroscope exsminstion of the underaize from the screen showed it
to be of bettsr structurs then the production msterisl ss it conteined fewsr
conglomerste crystels snd undoubtedly hed lowsr ssh end color. But the smell
frection slong with the oversize, mostly conglomerstes end poorly purged
chunke, from the centrifugsls were sent to s nesrby rock candy end qur fec-
tory »s its res mcterisl.

The eveporstor et Guengzhou wss s straight quintuple effect apsreting on
turdine exhsust et sbout 1.5 stmospheres gags presssurs. First vepor wes used
for vecuum pans snd some secondsry juice hesters. Second vepor went to some
primery hesters snd, slthough it wes piped to the pans, sas useless as it was
generslly st or belos stmospheric pressure. Exhsust steem was also piped to
the pens but only with 6 inch valves.

The vecuus pens were of Czechoslovekien design with the nase "Rozpiscu” given
on the drswings. The originesl five were spparently supplied sround 1958 end
the sixth built locslly to ths ssme design but somewhet lerger, 55 n3 instesd

of 45 B3, The originels hed 225 mZ of hesting surfece. They mere of the flost-
ing celendris design sith s centrel downtske 1000 sa dismeter end ¢ 120 mm

downtake spece eround the 3700 se 0.0. of the cslandris. The shell ever this
uss incressed to 4300 am dismeter. Tha tube sheets were inclined towsrd the

center st spproximstely 15° to follow roughly the contour of the pen bottos,
feed wes introduced in e ring under the lowsr tube sheet but it was only




S80 am {n dieseter se feed mes net dispersed undsr the celendris but towerd
the centor of the 1000 an centrel downteks,

It would net have been essy to find pans less edepted to tssch operstors the
clesr principles of precision sugar beiling. In the first plece, -the so-
celled "low heed” pans with enlsrged disseter sbove the calendris ere not
sble to boil the unitorm grein (los cV) thet can be produced in the straight
sided ones becsuse of the massecuits circuletion pettern they induce. In the
second plece, floeting cslendris pens sre notorious for their poor circule-
tion psttern since thay do not inow whether to circulete "outside-in" or
“{nside-out” end generslly do little of either. The sbsencs of proper feed
distribtion under the cslandris hesting surfece end the leck of fecilities
to hest incoming syrup so it wmould flesh on entsring the pen and induce soms
circulation mede it vary difficult to maintain ressonably unifors seasecuite
throughout the pens. First vepor supplied to the pens varied betssen O end
0.8 stmospheres gege pressure st ths Salendris, sversging sround 0.2 etmos-
pheres. The lerge grsin wes not well held in suspensien,

On the plus side wss the sveilebility of good wet ground fondsnt for seecing
the 8 and C strikes. Apperently fir, Chen Shi-Zhi had initisted meny of the
fectories to its ues prior to 1966 with good results. The people femilier
vith its use and the sseding techniques he devsloped were lost from the sugsr
industry during the following 10 ysars end now only e fes including Guangzhou
still use it. The prectise should be encoursged becsuse it is the only sethod
now known to estsblish the correct smount of grein in s psn relisbly.

The wet grinding of Yondent mas first used by Ditmer Jansse in Jeva before the
wers Cene Cillette of the CiM refinery in Crockett Celifernis introduced it

to Hsusiien sills in the S0's end it wes edopted by the U.S. beet sugar {ndus-
try in the 1960's for use with the Teylor pen control systems ss seesding wes
the lest important verisble to pin down, Nesrly sll fuctoriss in the United
Stetes now use wet ground fondant exclusively.

8. Suger Boiling Tests st Cusngzhou.
In 1984, the Cane Suger Industry Ressarch Inetituts obteined two sets of

1iegler snd Associetes Overssturstion end Consietency Monitors which were in-
stalled on the #1 end §2 pens et Gusngzhou fectory for use in the experiments.
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The Overs-turetion Monitor ssssures the boiling point slewvation of the sother
liquor in the messecuite; the difference betwssn the tempersture et the top
level of the bofling msteriel in the pen end the tempersture of hot water
fleshing down to equilibrium et the vacuua of the vapor space obinn the msss-
scuite. The Mlonitor converts this tempersture differsnce into a direct meter
resding of Syrup "Overssturetion™ which pequires definition,

A suger crystsl suspended in s syrup that is juat sstursted will neither grow
or dissolve, If eoms weter is removed from the syrup or its tempersturs low-
ered, it is seid to bs supersstursted end the suspendad crystsl will grow.
The degree of superssturstion ss defined by Clsessen ss the greme of suyer
per gree weter in the syrup divided by the grems sugsr bor graa mster thst
sould be present in s syruwp that wes just sestursted st the sess tempersturs.
Fer exsmple, s pure sugsr solution st 63.5°C is just setursted et 75 brix,
or 3 g sucrose per 1 g weter. If it wers concentrsted until it contained 4.5
g sugsr per 1 g weter it would be st 1.5 superseturetion or SOL "Oversatur-
sted”. Since syrups below seturstion sre of little interest in sugsr boiling,
the 970-R Overssturstisn Monitor fs cal!>-eted in "% Overssturstion”.

Ispurs suger solutions heve scre solids st ssturation than pure ones and, of
course 8 higher boiling polt;!t slevation, so diels on the Monitor ers provided
80 that they can bs set for the syrup purity to make it still resed in terms
of Overssturstion, ss it i{s the most importent verisble in suger boiling,

Crystal grosth rete incresses with overssturstion but there is e limit thet
sust not be exceeded in pesn operstion., 1f syrups sre sllowed to get sbove 65%
overssturation, syried fine crystsl nuclei eppeer spontanecusly in the syrup
snd grow as "Fslse Crein” meking snother orystsl crop. So, in precision suger
boiling ence grain is estsblished, one wents toc keep s high overseturstion
for rapid crystal growth but never over 65%.

The second constraint in precision sugsr boiling is messecuits consistency.
As grein gross in the serly stages of » strike, the crystsl/liquor retio in-
creoses ond the oversll viscosity gets higher due to ths essller liquor film
betusen crystals. At soms point, shen the crystel yield is sround 15 of total
solids in the sessecuite, syrup feed sust be adjusted to prevent furiter rise
or pan circuletion will deteriorets and this viscosity assintained until the
pen is full snd finel tightening initisted. There is not much change in the
viscosity of concentrsted syrup and an optimus ssssecuite consistency but @




lerge percentege chenge from thers on up to dropping consistancy. So constent
speed devices for sessuring consistency give little readebility et the lom
end most important end of the scels end too much st the high end. The 970-C
Sonitors sre designed to cover over two decades of viscosity on elmost o
perfect logerithasic scsle with sdequets resdsbility for s decads sbove and
below, providing good resolution over sore then the ususl consistency renge
sncountered in pen operstion,

Pans st Guangzhou fectory wers normally opereted et the ainisum sbsolute pres-
sure ettaineble by the water jet condensers which oftan fell belos 3" hg. Abs.
giving messecuite temperstures in the low SO°C renge. This is too cool for
successful sugar boiling es crystsl growth rats incresses with tempersture st
the same dsgree of overssturstion, Fortunstely Rz. Weng of the Rosesrch Ineti-
tute, scting on en esrlier suggestion, hed constructed two weight loeded
vecuun relief valves for bleeding eir to losd the condenser jets end maintsin
feizly close requlstion of pen vecuum end hed installed thea on the #1 end #2
pens being used for test. Thess were set to nhold sbout 4.5" Ng. Abs. over the
msssecuits bringing its tempersture into the low 60°C rengs. This mede the

tuo overssturstion Monitors opermble as they are calibrated for use on pens
opereting in the norwel renge of pressures betssen 4"end 10" MHg. Abs.

Psn operetors hed been in the habit of periodicelly venting non-condsnssble
gases fros the pan cslsndriss when the spirit soved thes, It wes pointed out
that continuous bleeding nss prefersble sapecislly in view of the loa first
vepor pressure svefleble., No ar=wings sere sveilsble showing the stess side
celendris beffling if any, but suiteble designs wers discussed in the svent
thet sdditionsl psns were built locslly.

veler Jet Condensers sre quite inefficient regarding sir removsl so considar-
sble time was required to reafse vacuum on s pan full of eir. If the eir hee
been partislly purged out by recernt stessing betsssn strikes, the intervel (s
grestly reduced snd this wes pointed out to the operstors as s sesans of in-
cressing pen floor capacity end es sn incentive for bstter pen scheduling in
the futurs,

Suger boiling et GCuengzhou was sort of s hand to mouth operetion., When syrip
supply was plentiful, sll pens would be opereting, compiting for the mesger
smount of firet vepor sveileble. At other times, pans had to be uneconomic-
slly held on water to prevent en excessive pressure incresse. This situstion




could be easily corrected by the sddition of sisple pressure controls on the
evaporetor es will be discussed leter in this !'Dott..

The course of seversl A end B strikee as noreally bofled were obeerved eith
the help of the monitors on #2 pan end recorders supplied by the Cane Suger
Reseserch Instituts, It was not prssible to deteruine where their boiling
technique origineted; presumebly it hed sisply evolved over the yesrs.

For en'A strike, s charge of sbout 15 n3 of syrup wes drewn in end stees
turned on to concentrste it. At sround SOX Overseturstion, 4 M3 of magne wes
introduced consisting of sbout 0.5 mm WA B sugsr in syrup, 8oiling was con-
tinued until the mothar liquor was well into the lsbile z0ne snd a copious
quantity of fine grsin wmes formed. They tock ssversl minutes to qrow to e size
visible to the operster on s proof slide with nothing but his unaided eye. He
then poured in e large smount of wster through the overheed wash-out line,
This dropped the syrup concentration to sn uisstureted level, et least in the
uppsr pert of ths boiling and poorly circuleting msssecuite, but not in the
lower part of the calsndris snd below it. As the overssturstion rose and some
mixing took plsce, the growing fine grein egain sppesrsd on the proof slide
snd more weter sprey was sdministsred., After two or thres such sdditions, he
would judge that the cherqs was ressonsbly frese of fines snd would let the
oversaturstion incresse until, estizasting the concentretion only by mothe:
liquor viscosity, that it was time to stert syrup feed. But instead of e slow
fsed to metch the rets of evaporstion, he would pour in e lerge drink, sgain
dropping the overssturstion to & low level., As it slowly rose, grsin growth
increased until the next copious drink of fesd sent in, This wes continued
until messecuits spprosched the 34 M3 final level. The strike mes ususlly
topped off mith A wash syrup shich generslly contained fine grein thet had
gone through the centrifugsl scresns end we=e not sslted out bsfore resching
the pan es there sere no facilities for hesting the pan storsge tenks.

Finel tightening of the msssecuite before dropping the strike wes done blindly
end ususlly es quickly ss possible with the stesm svaileble st the tims. The
overseturstion exceeded ths ssfe limit so thet more fine grsin ses fersed
which, of course, eddad to the oversll viscosity but edded little to the yield
of production suger dus to their smell size unless they sdhered to the surfece
of cleen crystels end crested dust and packsging difficulties.
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It soe not difficult to ses that the low eversge overssturstion of mother
liquor crestsd by periodic syrup edditions wes ths mejor cause of the very
long pen cycles of 7 to 8 houss so continuous syrup feeding was instituted.

The time required to boil e strike of suger is either thet needed to evep-
ersts the required emount of weter between syrup end "inel massecuits or the
time nesded to grow grein of ths desired size. A typical white best sugar
strike making 0.4 ma RA suger fros fendant seed can be completed in edout 1.7
hours if the stenderd liquor feed is neer 70 brix end s SO°C tespereturd dif-
ference sxists betwsen boiling stesm snd messecuits; this in e typical pen
with 1.5 square feet of hesting surfsce per cubic foot of psn volumse, With e
" lower liquor concentration or less tempezeture driving force, the time in-
cresses becsuse of the reduced eveporsting rete svsileble. Lerger grsin re-
quirements or higher fesd cencentration mecesserily incresse the required
tiss to fors clesn suger crystsls since the saxisun rete of growth is near
300 g/nr/m2 of crystasl surfece ares which is something less then 0,66 sm/nr.
on esch crystsl fece. These velues sre for reletively high purity syrups end
the rete drops coneidersbly sith syrup purity,

At Guangzhou, the syrup feed to"K'p-ns wes eround 92P snd st varying but rel-
stively los concentretions. The stess supply was very srrstic and the grsin
size required wes lsrge by sost stendards. These fectors indicsted thst pan
cycles could be reduced to sbout 4 houss by regulsting feed to keep syrup
overssturstion high during the esrly stsges of esch strike to incrssse crystsl
sres ss fest as possible end then hold messecuite consistency st s ressonedble
levsl to promote its circuletion until finel level wss reached. This method
seems to msks the best uss of pan cepacity.

Thers is sn simost universel desirs for soss one messurement thet will indi-
cete the best condition fer suger beiling throughout esch strike but it now
appeers to be e futile quest. Thers sre two sepsrate constreints on the boil-
ing process. At no time should the overssturstion of the mother liquor exceed
the limit of the metsstadle zone or s nes crop of grein will fora end, during
the growing period, the eversll sessecuite consistency or viscosity must be
held within 1imits determined by the pan design to seintsin optimum circule-
tion snd mixing ef the meteriel being boiled. These limits sre close to 65%
sversesturetion end s crystel yield nesr 15 of totsl solids in the messecuits.
During the finel tightening, the erystsl yield is incressed to 50 to 60X of
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totel solids, but during this phase, overssturstion sust not be ellowsd to
exceed the sefe limit eor westeful fins grain will ferm.

These sisple rules are sssy to folles if the teoc importent verisbles srs dis-
pleyed feor the opsrstor's guidence, He First watches Overssturstion, putting
in the required fondent seed or megms shen it {s in the 40 to SOL renge end
sterts syrup feed ss it epprosches 60X, requleting the faesd rete sc the reed-
ing never exceeds 65%; When the sessscuite “pulls together” and the Consist-
ency rises to @ good velus (found to be sround 64 et Cuengzhou for both A
end 8 strikes) he regulatss syrup feed to hold it in this erss. Overssturstion
will then slouly fall to e ssfe 45 or SOL ss crystsl surfece sres incresses.
when meximus level is resched snd syrup fesd is shut off, he sgein turns his
sttention to the Overssturetion resding which will slowly increass beceuse
sll the wster evaporsted sust come froa ths mother ligquor. If it resches 65%
he should stert s little weter feed to prevent fine grsin forsstion, wWitn
incressing crystal yisld, the msother liquor purity fells es shown on drewing
ZA=116 but rether then set the monitor purity diels for the sstimated purity,
it hss been found bettsr to leave them set for the messecuits purity and let
the reeding incresse until e microscope exsminstion finds the point st which
fine grein begins to sppssr. On the syrups being boiled st Gusngzhou, "A”
strikes could be sllosed to resch & 72X overssturstion pesding during the
finel tightening process without the need for water addition. The "B" strikes
could go @ 1ittle higher beceuse of their grester purity drop. Usually, just
before dropping, the ovsrseturstion will begin to fell nsturslly, due to the
lower evaporcting rete with incressing consistency end the incresse in crystsl
surfece being sisilabdle for sucrose deposition,

People yesrn for s sodel pettern of overseturstion snd consistency with time
but this is not possible dus to normsl fectory veristions in stess pressure
end feed concentration, However, the simple rules for observing the indiceted
constreints during the courss of the sugsr boiling cycle have mede it eesy to
trein operetors in meny suger producing sress of the world.

At Guangzhou fectory, “A" end “B8" strikes of excsllent sugar crystsls were
boiled in ebout helf the time formerly required end with elmost theoreticsl
otesm use; occasionelly o little seter feed wes required st the end to kesp
overseturstion to eccepteble levels becesuse of the limited crystel surfece
presented by the lerge grein desired for production suger. A decresse in
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both boiling time .nS’::: sere the mejor ob jectives of this project end it
was demonatretsd that both could be oeconpllohod-ultﬁ ® sinisus esount of
suitable sdditions]l instrusentstion coupled with sdequate operstor treining
in their use. ’

This project only enteiled work et the Cuengzhou Factory so did not give en
oversll view of the protlems in other fectories of Chine's Cane Sugsr Industry
elthougn discussions mith fr. Chen Shi-Zhi of the Research Institute indicste
that most could benefit from the observations snd sccomplisheents st Cusngzhou.
A dey spent touring the newer f.gsory ot Mei Shen with sembers of the Instie
tute steff under the guidsnce of Fang, genersl sensger snd Mr Ho, fectory
supsrintendent, gave 8 brosder view of present trends in the industry. But
suggestions for changss that could be mede to improve fectory operstion are
besed on observetions mede in Guengzhou faoctory.

C. Suqgested Changes st GCusngzhou Fectory,

%Looo recommendstions sre besed on the recent pan tests snd years of experi-
snce in meny beet snd cCene suger fectories ovsr the yesrs. Much cen be done
to improve dey to dey opsrstion with minor cepitsl]l outley. All six psns should
have the simple vecuus reguletors such ss wers installed on #1 end #2 during
the test work to meintsin s stesdy ebsolute pressure around 115 cm, Hg. Abs
st ell times, If sll pans ere held end opersted st the ssme pressure, the
useful stretegy of cutting over messecuites froa one to snother is grestly
simplified snd besd senipulstion svoided ir the operation, Once the boiling
time per strike is preduced, even higher pen temperatures csn be used to speed
crystal growth end boil clesner grasin. Eventuslly pens can be boiled sround
12S to 150 ecs. Hg., Abs. es higher stsam temperstures become sveilable to keep
msssecuites in the more favorsble 65° to 70°C tempersture rsngs.

%}fort should be directod towerd impfoving the messecuite circulstion in the
pens by constructing proper feed distributors. The pressnt smell dismeter feed
ring under the center downtske should be replsced by et leest eight 3 cm,
inlets in the bottoms on ebout s 2900 dé-rdismster circle eo thet feed enters
neer the well side of the celendrie sres snd contributes to the desired
outside-in circuletion,

g;rup feeds et Cusngzhou sre sllowed to cool in the psn storsge tanks snd no
provision is made to keep them hot except for one tenk shich hes en open
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exhaust stesm line. This was used to hest the syruwp fer one "3” strike end
faproved pen girculetion in spite of the poor feed ting location. Americen
sugsr factories meintain pen storsge tenks fin the 90‘ to 100°C rengs et sll
times 80 that syrup sill flash en entering the pen under the celendriss snd
provide good mixing sith the sassecuite ss well es ismproved heet tramsfer
from the bubbles rising through the celendris tubes. Hest in the pen supply
tenks slso serves to melt out any crystals remeining in the syrups defors
they enter the messecuite end introduce uneentsd grein. Flashing syrup in-
troduced nesr the bottom of s psn end properly distributed cen work wonders
in improving messecuite circuletion not only in psns dbut in eveporstor bodies.
Some yessrs 8go en evaporstor of Europesn design wes instelled in e Censdien
beet suger factory snd, for years never resched design cspacity. Betwsen esch
effect the liquor wes fleshed end the vapor piped to the downstrsem body.

The purpose of this folly wes to producs s simple level control for esch body
vsing weir overflows. Cventuslly, the lines carrying flsshed vepor mere
blenked off so thet the sc-ussful vapor end juice both entered the downstrsam
bodies to incressse the sgitstion and hest trensfer. Fros then on, the system
readily excesded the design capscity,

For the time being, sll pen storegs tanks et Guangzhou cen be provided with
perforsted live or exhsust stesa lines near the bottom sc thet syrups cen be
held nser their stmospheric bofling point, The dilution from live stesm in-
Jection is to bs deplored but will be repeid by the improved hest tresnsfer
end bestter messecuite circuletion, Eventuslly, the taniks should be equipped
with indirect stesm hsated surfecs mede of ebout 2.5 em. tubing or pipe. The
surface should be locsted towsrd one side of the tenk bottoms to sllom for

e downflos erse st the other side to prosote thermel circulstion. A simple
“gelf-scting” vapor pressure tempersturs controller sith its bulb locetsd
Just over the heeting tubes is adequste for sutomstic control of tank temp-
ersture. The weter used for holding strikes or limiting syrup overssturstion
during finsl tightening stould elsc be meintained st high tempersture for the
flash it can provide on zntering the pens.

4) Considerstion should be given to the instelletion of Overssturstion and
Consistency Monitors on sll pens, st lesst on those used for boiling "A" end
“8" strikes snd ell operstors treined to follow their guidance at ell times.
This will do much towerd elimineting the present weste of time snd stesm on
the pen floor.
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Leter, the slectricel output of the Comeistency Ronitors cen be converted by
current-to-sir trensducers to sctusts proportionsl response indiceting or

recording controllers connected to pan fesd velves as described in the pesper
titled "Some Ussful Strategies”™. This will simplify pen operation still sore.

S) Eveporstor Control Systems wers first instslled in Assricen suger fectories
in the early 1940's primerily to reduce opersting lsbor cost but this turned
out to be only s mincr benefit cosparsc to the increased cepecity snd sconomy
they provided. Their use quickly spraed in s few ysers, so thet now practicsl-
ly every plant is so squipped. 8y meinteaining the juice level in sach effect
st the value giving the best hest trsnsfer, svaporsting capscity wes merkedly
incressed. The syrup leaving was held at e constent hich brix for factocy

hest economy becsuse s multiple sffect eveporetor resoves water far sore
economically then s pan which operstes at single effect. The systems suto-
saticslly edjusted ths sveporsting rste to just meet the demend end did it
greduslly to eliminsts sudden losd chenges on the boiler house, meking atess
generstion more efficient. But most importent, the systeams meinteined constant
pressure nf exhsust stess snd the vapors withdresn froe the eveporstor to
opsrete pans snd other hest users. No longer wes thers competition for s

share of vupors ss st Guengzhou. Suddenly thers was enough for sll stetions

in the factory; psns could be schaduled to equelize their need for first end
second vepors. The plants began to ron smoothly end mors sconomicslly becsuse

lower pressure vepor could be relied upon for the less critical uses.

Eveporstor control systems wers not in the lesst complex since esch varieble
wes controlled in the most streightforwerd mey possibles the juice level in
essch body reguleted juice inflow, the concentration of syrup lesaving the lest
effect requlated the outflow. An incresse in syrup brix spseded its with-
drewsl rete end the resulting drop in body level increesed the inflos of
lower densi{ty juice from the previous body. The nssd for mors or less svap-~
orstion wes senssd by e lavel controller on the sveporstor supply tenk; e
rising level gresduslly incrsssed the steam flow until it belenced out.st e
higher level.

Due to the demsnd for vepors by the rest of ths fectory, sveporsting rste mes
reduced by throttling the flow of vspors from 2nd effect (veuelly the lowest
vepor used) into the 3rd effect celendrie. This effectively lowered the over-
sll eveporstion since it reduced the flow to §3, #4 end #5 ss well ss the flow
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froa #1 end #2. At los svaporsting rets, iret snd second vapor pressures
tend to rise rather then fell es they would hsve done if the exheust stess
flow to first body hed been tbrottled. Te prevent sny pressurs veristions
in these ussful vepors, controllers messuring them throttled inlet stess
and vapor valves to the respective bodies.

The totsl evsporstion from s quintuple effect evaporstor from which lst snd
2nd vepor sre withdresn for process use is equsl to lst vepor 4 2 x 2nd
vepor ¢+ S x Sth vepor or vsry nesrly so. At very low evsporeting rstes,

efter fifth veapor flow is reduced to s sinimum, the eveporstoz sust still
supoly vepors snd the eveparstion is lst vepor + 2 x 2nd vapor; if there is
less water than this svaileble in the juice, water msust be sdded to the juice
tank to supplement the low flow. In ths svaporstor control systems, this wes
done subometicelly by mesns of s trip valve thet -intcinod ainfsun level in
the tenk efter it had fallen below the point that closed ths second vepor
velve to third body. It would thus msintain first end second vepor supply when
thers wes no juice end pick up sveporstion sgsin shen flow wes restored.

Such systems hsve run relisbly for meny yeurs with only the sttention neesded
to clesn hesting surfaces when consistently rising juice tsnk level indicated
thet bodies were getting dirty. Otherwise they teke the juice evailable and
deliver syrup st the required brix continuously. Cuangzhou factory would
benefit from the sddition of sn svsporstor control system ss so msny others
have. But until e decision {s mede to edd such control, somssthing should be
done to insurs s more relisble first vepor supply to the pesn floer.

6) First Vapor supplied to the vecuum psns veries in pressure over quitz e
renge meking it difficult st times to provide sdequste ssssecuite sgitetion
end requiring s grest desl of sttention to meintsin pen conditions by edjust-
ing syrup feed rets. At present, shen clerified juice supply fells, the steem
to first body i{s throttled snd first vapor pressure fells, starving the pan
floor, This cen be essily corrected menuelly by instslling s butterfly walve
in the spproximstely 16" vepor line between #2 and #3 snd partislly closing
it to reduce totsl eveporstion when nesded. It need not be en expsnsive coms-
sercis]l velve but can be essily fabriceted in the pipe shop, iz, Chen Shi=-Zhi
haec @ copy of s drswing showing typical construction which hes been used

many times in constructing hundrsds of velvas for evaporstor contrels., He elso
hes curves giving cepecity end unbalenced torqus of such valves, They can be
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positioned senually er eutosstically by using commercislly evaileble lever
sotors. IV firet vepor pressure rises too such vhen the walve {s throttled for
low sveporsting retss, the exheust stesa wvelve to lst body should be closed
somevhet to seintein the sems lst vepor pressure.

7) The Exh~ust Stesa Bressurs systes et Cusngzhou fectory wes not irvesti-

geted fully so these notes ere edded to guide interssted psrties contempla- '
ting bettsr regulation of this process fecility. Ressonably preciss control

of turbine exhsust pressure csn psy dividends in terms of steesa seving and

steady factory operstion,

The quentity of stess to e turbine varies with the slectrical power loed on
the generstor end the exhsust stesm is used primerily to satisfy the hest loed
of the factory, svaperstor, etc., Whan the hest loed is grester than the power
loed, live steam {s used to meko up the deficiency end msintain the prassure,
When the opposite condition prevails with power load grester than hest loed,
the turbine governor incresses stesa flow and ths excess exheust sust be
ventsd to the roof. One hetes to ses this loss of steas so ths venting is
often delsyed until the exhsust pressure her rissn ss such es is sllowsbls.
This 1s o bed mistake. At higher back pressurs, the weter reste of the turbine
incresses snd mskes that such more sxhaust to sventuslly be relieved. It is
good economy to maintain s constent exhsust pressure shether mske-up or relief
is required.

This was one of the first controls slmost universally sdopted by ths suger
industry in the U.S. and Ceneds. A Proportionsl plus Automstic Resst control-
ler is used to opsrste staggersd ssks-up and relief velves sst so thst st aid-
controller output both velves ers just closed; incressing output opens the
mske-up valve end falling output opens the relief te the roof. There should

be no deed spot between valve ections eo veive positioners srs ueed on both
for precise stsggering.

8) Centrifugel operetion on productien *A" sugsr could benefit from edoption
of some practises geners.ly observed in other fectories. The present hephezerd
wveshing with & hesvy stresa from s hend directed hose would be better done
through teo or thres sprey hesds from fixed positions inside esch basket and
cere’ully directed to distribute wash wster uniforaly over the fsce of the
sugsr cake, Using mster meinteined st s very high tespersture, reduces the
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viscosity of wesh syrups lesving thinner filme on the crystal surfeces, eiding
drying end incressing sugsr purity. '

Ancther good-prectise rule, often fgnored in the centrifugsl operstion et
Cuangzhou, is thet sll possible solessss be removed froa the crystals before
wesh weter {s spplied; certeinly not befors the besket hss reached meximum
speed ss wes often observed. Simple sequencs tisers snd solenoid valves could
well be employed on thesc mechines to insure that purging wes cosplets before
the sdmission of wesh water on s timed intervel. The sems timer could elso be
used to esitch the curd valve for better separstion of molesses end mash,

9) One swell possibility for incressing thes quantity of production suger pro-
duced per day wes noted st Gusngzhou fectory. With nc hot eir grenuletor end
s ninisum of agitstion of sugsr on the grssshoppsr sonveyor s the suger was
dried end coocled, thers wers meny clumps of sdhering crystsls delivered to
the finsl screen, Ricroscope exsainetion of the suqer in these clumps showed
that the crystsls wers just s good as those shaken apsrt on the conveyor snd
in the bucket elevstor. These clumps were easily crushed by sild hand pressure
so it might bs desirsble to edd & soft roller near the elevetor end of the
conveyor to provide the smell extrs snergy nseded to sepsrste the clumps intb
distinct crystels snd meke thes emsenable Lo screening for production suger,

10) As noted esrlier, it was not possible to detszwine the origin of the
specificstion calling for the lerge sized production sugsr. Equally good
suger {s routinely produced from no purer syrups with grein less than helf es
lerge. It would bs worth investigeting the peossibility of reducing grsin size
to sround 0.5 ma MA, With precision sugsr boiling methods, it is sasily pos-
sible to produce suger slmost free of conglomersts grein snd the cleen cr; s~
tels purge freely and wesh to sugsr with low coler and ssh content.

Production of smsller grsin slso increeses pan capecity beceuse strikes can
be boiled to slmost thre seme crystsl yi{eld in less time since the sveilable
crysts]l eres is highsr throughout strike period, msking for essier requle-
tion of syrup overssturstion snd messecuite consistency. Finel brixing to
dropping consistency is fester with the incressed crystsl sree end less or
no weter feed is required during this phsse.

Studies on this possibility can best be undertaken by the Cane Suger Industry
Reseosrch Institute, It sust slso be depended upon to spresd the word of the
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sdvencea made during these tests on newer sugsr boiling techniques. Advences
thet sere only made possible by the sxcellent cooperstion of the Institute
steff and the pcrsonnel et Cuengzhou Sugar. Br. Chen Shi-Zhi end his wife,
fs, 800 Cuo-yu, orgenized ths sctivity superdly well, Stsff members of the
Instituts, Mr. Weng, Ar Lisng, Ms. Chou, Az Wu, fis. Qi not only supervised
instrument installetion but kept the experimentsl fecilities opereting

during the test period. Without their help it would not have bean possible to
sccomplish as much in so short a time.

Equel thanks sre due to the people st Cuangzhou fectory for their whole-
heerted cooperetion in this investigetions Mir. Chun, Technical Ranager, Ar.
Huang, Chief Enginesr end Mis. Ho, Production Superintendent furnished msuch
sssistancs snd encoursgesent es ths recurring problems wers being solved,
Specisl thanks also to Mr. Weng Rong-Liang, hesd suger boiler, for his help
snd petience 38 we upset his noresl boiling methods in our ol;forto to find
better ond fester weys to eccomplish the ssme result.

i1) One other expsriment wes conducted, not related to sugar bofling,but one
that could be of sssistance in juice purificsticn., The pH of solutions wers
being drtermined by the use of indicators such ss broathymol blue by psriodic
checks which wes lsborious and not adapted to continuous or sutomstic control.
For meny yesrs, Hawaiisn aills have used antimony electrodess to provide the
sessurement of juice pH quits successfully. Compared to the mors sodern gless
slectrodes, she antisony ones sre very rugged, last indefinitely, end, in not
requiring exotic, high impedences smplifisrs heve proved to be such mors prec-
ticel for every dsy plant use. Rost Nswsiisn sills snd many beet sugar fec-
tories now use thems exclusively. Reputedly, they srs not cspable of ths ssme
degres of eccurecy ss gless slectrodes but then, scsle or scum on either one
destroys its sccurscy and the sntimony ones sre sasier to cleen end keep clesn
by directing the semple flow scross the sntimony metsl fece.

In order to ses if these ussful units might provide s practicel solution to
Juice pH messurements to the Chinese Suger Industry, one wes tried for s fes
hours st Cusngzhou on ths sulfitetion stetion snd seesed to work perfectly,
So s combinetion Antimony~Silver chloride electrode snd e suitsble indicsting
emplifier trenemitter will soon be sent to the Resssrch Institute so they cen
test it for suitebility on s veriety of juices and hopefully find it to be

e precticsl solution to the ever present pH control problen.
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