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of Low-Grade Syrups in Conventional 

Beet Sugar Refining Methods 
E .  F .  BERRY AND ROHERT S.  GADDIE1 

IN 1 947 AN ION exchange pilot plant was installed at the West Jordan, 
Utah, factory to determine the feasihihty of increasing the sugar-cnd capa' 
city by decreasing the load on the low raw side of the house- --this being 
the holding point at this particular factory. To do this, the new instal lation 
was applied to process intermediate green syrup (syrup from high raw 
centrifugals) . It  was anticipated that the plant would handle approximately 
onc-fourth of the intermediate green syrup produced. After processing, the 
effluent syrup from the exchanger was to be returned to the factory thin 
juice for evaporation to thick liquor. 

Efluipult'nt 

The installation includes a syrup dilution tank at the remelt station, 
a juice cooler or heat exchanger, a raw syrup storage tank, a sweet water 
storage tank, a battery of six exchanger tanks arranged to operate in the 
series, cation�anion, and three tanks for mixing regenerating agents. Tht� 
pipe and valve sizes are all 2 inches. All tanks and pipe lines on the 
exchanger, and al l  acid mixing tanks and pipe lines a re rubber lined. Valves 
are the Hills·McCanna rubber· lined diaphragm type. 

One resin recovery trough is installed on the hack wash header line 
leading from the cation tanks to the sewer, and another is on the backwash 
header from the anion tanks. These are nothing more than riffle boxes 
where the rate of flow of the hackwash water coming from the tanks is 
decreased, thus enabling the riffles to retain any resins in suspension. Resins 
are taken from the anion �,ackwash recovery trough periooically and rc
turned to the various anion tanks. There is hut little tendency for - the 
cation resins to come over with the backwashing, and as a result it has not 
been necessary to return any cation resins to the exchanger battery. 

The exchanger tanks are each 4 feet in diameter by 12 feet high. The 
design of the cation and anion tank is identical .  The resin beds are 6 feet 
in depth with a volume of 75 cubic feet each. Resins used are cation C :.;  
and anion A2 produced b y  Chemical Process Company. Each tank has three 
small glass-covered rectangular ports to enable the operator to view the 
inside of the tank to keep the liquid levels adjusted, and to insure that 
proper juice or regenerant flow is heing maintained. 

IChemist.  \Vest Jord a n ,  Uta h ,  factory <lnJ G..:naai Chemi.,t,  Utah · hb lw SlIg;tr C"mp a n y ,  
resp.�ct iydy. 
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0J)crat ion 

Syrup from the high raw centrifugal machines is diluted to 3 0  brix 
at the remelt dilution tank using either sweet water from the exchanger or 
factory thin j uice when there is no exchanger sweet water. The exchanger 
sweet water furnishes but a small portion of the dilution agent necessary, 
and the thin juice is used the greater part of the time. The temperature of 
this diluted juice is then lowered from 60 degrees to 2 0  degrees Centigrade 
by pumping through the juice cooler at the head end of  the exchanger supply 
tank. 

The juice is then pumped into the exchanger battery where i t  makes 
a double pass through twu pairs of exchangers operating in  series a l ternating 
cation, anion before entering the factory thin juice. Thus, four of  the tanks 
in the battery are in use in  the juice cycle at one time 'while the other two 
are in the regeneration cycle. The juice enters the top o f  the first cation 
tank, runs through the bed into the first anion tank and into the sewer until  
the effluent syrup from the anion tank reaches one brix .  This syrup i s  then 
turned into the factory thin juice. The finished juice runs until the limiting 
pH, purity, and color control point is reached. This control point will  be 
discussed later .  The only time that the juice makes this  s ingle pass i s  when 
the exchangers are first started up with all of the tanks completely regen
erated and clean. The first pass juice is then turned into the second pair 
of  exchangers and run to the sewer until the effluent from the anion tank 
reaches one brix .  This effluent is  then run as finished syrup directly into the 
factory thin juice. The exchanger syrup increases in  brix gradually until i t  
reaches 26  br ix  while maintaining the  requisite purity. The br ix  of the hourly 
composite, however, will average 2 0 .  When the juice p urity lowers until the 
control  point i s  reached, the juice from the second exchanger pair is turned 
into the third exchanger pair which is then "sweetened on" in the regular 
manner and the effluent run into the finished juice l ine .  At this point the 
resins in  the first pair are completely exhausted and the intermediate green 
syrup is turned off from this pair which is  then cut out of  the cycle. Water 
i s  turned into this pair and the syrup washed from the cation through 
the anion and into the sweet water tank until the effluent reaches two brix. 
The beds are individually washed to the sewer, backwashed, drained to bed 
leve l ,  regenerated, washed. and are then ready for the next cycle .  At the 
same time that the incoming syrup is shut off on the number one set, i t  is  
turned into the n umber two cation tank which then becomes the number 
one in the cycle. This makes the flow of  incoming raw syrup continuous 
and of  the finished syrup practical ly  continuous except for the short 
sweetening,on period. 

Differential air pressures are used to force the juice from one tank to 
another in the operating cycle. The air pressure is carried at  17 pounds per 
square inch on the first tank, at 1 5  pounds per square inch on the second, at 
1 0  pounds per square inch on the third tank, and at not more than 5 pounds 
per square inch on the last tank from which the finished juice is taken. 
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Control 
The Illstallation n::4uires une uperdtor per shlft ano une helper to make 

up the regenerating sulfurie acid and sodium hydroxide solutions on two 
shifts only. The regeneration tanks are of sufficient capacIty to enahle one 
shift to operate without ref I l l ing the tanks. Larger tanks, uf course, would 
eliminate another of these helpers. 

Control of the exchanger battery is maintained hy keeping the appar
ent purity of the hourly composite of finished syrup ahove 90 percent haseu 
on the hourly laboratory analysis. Ninety percent was estahlished as the 
lower control point on purity as this will  give a jUlce of the same average 
purity as the white pan at the West Jordan factory. Another control used 
is that of color comparison . Samples of effluent syrup from the exchanger 
are diluted to the same brix as the regular factory thin juice and a calor 
comparison is made. When the calor of this diluted syrup hecomes as dark 
as the color of the factory thin juice at the same brix, a new set of exchang
ers is cut into the cycle, and the first pair cut out, washed and regenerated . 
In aJJition, it has hoen founJ  that by regulating the flow of the effluent at 
1 )'  gallons per minute and usmg the differential air pressures previously 
mentioned, one pair of exchang�rs '\-viII last 2 hours and 45 minutes as the 
number twu pair -in the cycle delivering finished syrup and another 2 hours 
and 45 minutes ;:lS the number one pair delivering the lower purity single 
pass syrup. 

Thus a pair of exchangers will l ast 5 1/2 hours hefore hccoming 
completely exhausted . When spoiled beets are heing cut and dark culored 
syrups result in all  the factory juiLes and syrups, the life of an exchanger 
pair drops to '2 hours operating as the number two set or for a total time 
of only 4 hours. Thus, an excellent measure of control has been nbtained by 
keeping the color of the effluent syrup l ighter than the color of the thin 
juice and hy taking one pair of exchangers out of  the cycle and regener' 
ating every 2 hours and 45 minutes. 

Prior to the beginning of the operation a continuous recording con
ductivity meter was ordered, hut up to the time of the writing of this report 
jt had not been received. Information concerning the use of the recording 
conductivity meter as a control measure in regulating the length of the 
cycle is not presently availahle. 

Regeneration 

The time required for "sweetening off," backwashing, draining to bed 
level, regenerating, and washing is approximately 2 hours. This al lows suf� 
ficient time to keep one pair of clean exchangers on hand well in advance 
of the time needed for continuous operation. Sulfuric acid is used in regen' 
erating the cation beds and sodium hydroxide in regenerating the anion 
resins. Approximately 3 1 5  pounds of sulfuric acid ( specific gravity 1 ,8 3 5 )  
made u p  to a n  S 'percent solution are used per regeneration . The l ast half 
of the sulfuric acid after passing through the cation bed is returned to the 
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i aC1<.l mixing tank \VhCrl' t h e  CUl lcel l t r,l t io J l  b J l l lTL',t�L'J t( ) S percellt  with 
§f the ac.lc.lltion of nc\v acid. This is t lKn uscd for lTge llcratmg the  next C<ltWIl 
� bed .  Two hundred twenty -five poul lds of .sodi ulll hyc.lruxiJl� are used for 

each anion regeneration . This is also made up to an 8 � pcrcent sol ution. None 
of the  caustic solution is rc-covered . These amounts of regenerants wen: 
varied until a point was reached which gave maximum capacity for a 
minimum regenerant .  

In  addition to the ac iJ regeneration the catlOn heds are regenerated once 
each ·week with 8�perccnt sodiunl hydroxide solution tn displrtce the calcium 
sulfate i n  the beds and also to remove the proteins and other organic sub� 
stances i ntroduced into the heds from the juice. Large amounts of calcium 
sulfate are also precipitated out of the acid solution in  the acid tank where 
the dilute acid returned from the exchanger is increased to S -percent con
centration . I t  is necessary to flush out this acid make-up tank once weekly 
to remove the deposits of insoluble calcium sulfa te. 

Wash water used in  washing out syrup, hack washing, and washing out 
excess regenerants was taken from the condenser leg l ine of the low raw 
pan. The average temperature of this condenser \vatcr was about 50 degrees 
centigrade.  As the operation got under way, the supply of wash \vater from 
this source was found to be insufficient, and it  was necessary to suppkmt'nt 
this water with water from the \vel l  supply .  This reduced the average tem 
perature of the wash watLr to :;0 degrees. The only advantage of the warmer 
water which we could detect was a slight decrease in  the time required to 
wash out the syrup and caustic solutions. 

After regeneration both cation and anion heds arc individually washed 
to the sewer until  the pH of the cation reaches 2 . 0 .  At this point the water 
from the cation is used in washing the anion. The small amount of acid 
introduced into the anion bed by thi.s 2 . 0  rH water apparently has no 
effect on the capacity of the anion resin. However, we believe i t  serves to 
neutral:i�e some of the small amount of residual sodium hydroxide retained 
hy this hed . 

Dis('us�j()n of Result)'; 
At the time this paper was written, tht:' ion exchange plant had heen 

in operation continuously for a period of 75 Jays, and a fter the first week 
there has been no measurahle decrease in the capacity of the exchanger bat� 
tery. Some invert sugar is made by the passage of the syrup through the 
exchanger. The average increase in invert sugar ha sed on dry substance was 
1 . 1 2 percent and the average temperature of the incoming raw syrup was 
2:' degrees. The increase in  the amount of invert sugar has presented no 
difficulty in the regular factory control . As a resul t  of the addition o f  the 
exchanger effluent to the evapor;ttor supply syrup there has heen no increase 
in the calor of  the factory thick juice, and no difficulties have heen exper, 
ienced in filtering or working sugar�end products. Detcrminations on final  
molasses have averaged ahout . )'  percen t of  invert on dry suhstance. No 
problems have been experienced in Steffeni�ing this moI?�sscs. 
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Since the l'XCh,ll lgcr e ffl uent has heell added Jirectly to the regular 
factory thin juice Juring the entire campaign, the only method of obtaining 
performance figures is to make comparisons with previous years . Such com
parisons are shown in table 1 where the weighted averages for the p revious 
5, and l O -year periods are compared with results obtained this year. 

Table 1. 

Low raw Increase Decrease 
% Sugar PUrity Tons mass. 0/0 ne' molasses 

in beets beets sliced in beets extraction '/c beets 

lO-year averag"e - --- 1 5 . 8 1 4  84.52 74,474 9 . 7  4 . 0 4  1 . 1 0  
5-year average - - - - - - 1 5 . 742 8 1- . 3 6  9 0 , 3 0 �  9 . 9  4 . 7 0  1 . 2 2  
1 9 4 7  1 5 .050 R4.H4 9 1 . 5 5 0  7 . 7  

From this table it may he noted that while the average puntlcs were 
approxImately the same for the three periods, the net extraction was 4 .04  
percent greater this year than the  1 0�year previous period and 4 . 70 percent 
better than the previous 5 -year period. Similarly, there was a decrease in 
molasses production of 1 . 1 0  percent on beets on the l O-year period and 
1 . 22  percent on beets for the 5 -year period . Also, it is interesting to ohserve 
the decrease on low raw massecuite percentage on beets from 1.) . 7  and 9 . 9  
t o  7 . 7 .  This constitutes a decrease of approximately 25 percent in  the amount 
of low raw massecuite to be processed. 

To better il lustrate the increase in net extraction resulting from the ion 
exchangers, a comparison hetween the relative purity of beets sliced and 
the net extraction for the past 1 5"  years is shown graphically in  figure 1 .  

.0 f .. Beet Purit;v 
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· ·····0 

'0 '" ..... J!/ •.••... \'0 ..... 
.. . ..... .... .. " .......
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It may be noted here that the net extraction practically parallels the beet 
purity curve and that it is approximately the same distance below it until 
1 94 7  where the two curves cross and the extraction becomes greater than the 
a verage beet purity. 
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The L'-titimatccl costs ctnJ net returns resulting from the operation of the 
exchanger pilot plant arc presented in tahle 2 .  The operating data in table 1 
arc used in these computations. 

The net profit shown in  tahle 2 does not include amorti,4atio11 of the 
initial cost of the exchangers, maintenance, resin losses, power, or fuel costs. 
The exchangers require very little maintenance and consequently these costs 
will be low. A total of only five pumps are required to pump all of the 
acid, caustic, and juice solutions, and of these only two are continuously in 
operation. Thus the power costs will be smal l .  Inasmuch as the intermediate 
syrup is diluted mostly with thin juice, little additional fuel above that 
regularly required to evaporate the thin juice is needed to raise the exchanger 
syrup to the seventy brix thick juice level . A small amount of exchanger 
sweet water is used in diluting the raw syrup to thirty brix and also some 
dilution occurs in passage of the syrup through the beds. This will intro. 
duce a slight error when fuel costs are eliminated from the cost statement. 

Table 2. 

--------==-===-=.-�======= 
O p erating costs per 1 00 tons of beets 

Three exchanger operators and two helperR 
Regenerants t H�S04 and NaOH .I _  

Total operating costs 

$ 3.90 
9.90 

_ _  $ 1 :� , 8 0  

Net costs and returns per 1 00 t o n s  beets based on previous t e n  years 

Operating costs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $ 1 3 ,80 
Mola!:>l>eid not recovered at :)j40.d) pel· ton . . _ _ _ _ _ _ _ _ _ _ _  44.00 

Total costs _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  $57.80 

Credit on increRsed extraction sugar at 6 , 5  cents per pound__ 79,04 

Net profits pcr 1 0 0  ton!:> beets 
_ _ _ _ _ _ _ _ _ _  $2 1 .2. 4  

N e t  costs and returns per 100 t o n s  beets based o n  previous :; years 

O pel'ating costs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .. _ _ _ _ _ _ _ _ _ _ _ _  _ ____ $ 1 3,80 
Molasses not recovered at $40.00 per ton _ _ _ _ _ _ _ _  48.80 

Total costs _ _ _ _ _ _ _ _ _ _ _ _ _  $62.60 

C I'edit on increased extraction sugar at 6.l) centR per pound _ _ _  9 1 .96 

Net profit per 1 0 0  tons beets _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $29.36 

In addition to the advantages enumerated in  the above discussion ,  it 
has been found that the processing of a portion of the syrup which would 
normally go to make up the low raw pan has resulted in  a much better 
control of the purities on the sugar end, particularly on the raw side . At 
times it is inevitable that purities of intermediate syrup will be too high 
to obtain a minimunl loss of sugar in molasses. At such tinles most of this 
high-purity syrup can be processed through the exchangers until the regular 
sugar�end control has brought the intermediate syrup again to the requisite 
purity, thus saving the extra sugar which would be lost through the pro
cessing of one or two high .. purity crystallizers, Conversely, during certain 
periods in the latter part of campaign, it is not uncommon for the purity of 
the West Jordan beets to drop to less than 80 percent. When this occurs, it 
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is very ut1TicuJt tu maint ain suga r-cnd puriti('�, c.spccia lly un the wlutc siue, 
at high enough levels. Under slIch conditions, the ion exchange plant, still 
processing intcrmecii,lte green syrup, may he used to great advantage. 

SUlluuary 

The ion exchange pilot plant at the West Jordan factory processing 
intermediate green syrup has worked successfully in supplementing the 
regular refining methods, and the instal lation has heen limited in its func
tion only by the pilot-plant size. Inasmuch as the West Jordan factory is 
equipped with a pulp drier and supplies molasses for one of the Steffen's 
factories in addition, it is not desired to eliminate molasses production en' 
tirely. However, with a larger plant, nlulasses production could be controlled 
from the Jemand by varying the qU<.lntities of syrup processed through 
the ion exchange pLlnt. 

An increase in capacity of 2') percent on the low raw side of the 
factory was realized with the installation. A suhstantial increase in  extraction 
with a subsequent decrease in the amount of molasses produced as com� 
pared with averages for the previous 10 and 5 years at this factory was 
ohtained . No detrimental effects in the normal processing of the mixture 
of this ion exchange effluent and the regular factory juices were observed. 
Sugar�end control of crystallizer purities was simplified. Higher white pan 
purities on juices from deteriorated heets were ohtaincJ . 

High Pressure Evaporation 
FRJ-:D F.  COONS! 

AT THE PRESENT time there are only a few long tuhe vertical evap� 
orator instaHations in this country in the sugar inJustry, one of which is 
located at Woodland, Calif()rnia. It is hoped, hecallse of their novelty, that 
there will he interest in  this dissertation, which will attempt to descrihe 
the various phases of high pressure evaporation in a heet sugar factory. 

General Ot'scription 

Figure 1 shows a general cross section of a long tuhe vertical evap' 
orator. Steam is introduced at the top of the tuhe bundle through an annular 
baffle and flows down and parallel to the outside of the tuhes. Condensate 
and non-condensable gases are removed from the bottom just above the 
tube sheet. Juice enters the evaporator at the hottom and boils as it flows 
upward through the tubes. As the liquor evaporates large volumes of vapor 
are formed which cause vapor and juice to issue from the tubes at high 

'Rese<.!rch Cher\llcal Engmeer, Spreckels Sugnr Company, \VouJland,  California .  
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velocities. ()nc might say that the acl ion in Cl lung t ube vl'rt l("a l  cvapof<ltor 
closely resembles that in a cnmmon household coffee percolator. The mixture 
of vapor and juice impinges on an umhrel la�shapcd deflector plate as it  
leaves the tubes causing the l iquor to hecome separated from the vapors. 
Vapors pass ahove the deflector plate through a vapor outlet to an external 
centrifugal entrainment separator where further juice and vapor separation 
takes place. Juice a fter hitting the deflector p late is forced downward to 
an annular space around the tuhe bundle to which a juice outlet l ine is con� 
nected. A vapor�liquor seal is maintained in this l ine by a hal l �float device 
that maintains a l evel in a small ch am her .  The juice is then throttled to the 
next effect. 

f'jgure I .-Long tube � ertl.;al  <.:vapOI"dto t .  
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Tube si�cs and composition arc varied depending on the installation 
and the material to he eva.porated. Tuhe sizes range from 1 to 2 inches 
in diameter and are from 16 to 24 feet long. Tubes are made from iron, 
copper, brass or any special alloy as the use demands, and are rolled into 
the tube sheets. 

In the sugar industry steam and juice fIow in parallel so that the ]llOre 
concentrated sugar juices are subjected to lower temperatures. First effect 
steam pressures are usually maintained between 2 5  and 50 pounds, and 
last effect vacuum is kept between 20  and 2 8  inches of Mercury. 

Sugar Destruction 
When thill juice is exposed to high temperatures for prolonged periods 

of time i t  will invert, decompose and caramelize, forming dark-colored 
juices. However, in the long tube evaporator the: retention time is so short 
that no serious degradation occurs. 

Figure 2 shows a calculated time-temperature curve for thin juice as 
it passes through the thin juice heater and evaporator first effect in  the 
Woodland installation . Many assumptions were made in  this estimation ; 
thus the results are only approximations. Experimental work has been con� 
ducted, subjecting thin juice to temperatures for the same times as those 
in the time-temperature curve and the results showed little or no degrada� 
tion . Figure 3 shows a diagram of the apparatus used. Oil baths were used 
to simulate the temperatures of the juice for the given periods of time. The 
resulting time-temperature curve is seen in figure 2 showing the experi
mental approach to the calculated curve. The experimental data are tabu
lated in table 1 .  Slight increases in  coior of the thin juice were noticed 
which "\vere due to caramelization, hut again, 'were not significant. 
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TIM£ IN SecONDS 
Fil1:11re 2 .-Snlid l ine,  calculated time-temperature curve for thin juice for evaporator first effect :��v:rchtcaters. Dotted l ine,  !',xperim':nlai tIme tempeptllfc tUnT showing the approach to the calculated 
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HOT O�L BArHS 

Figure � . ' -Experiment<l]  apparatus for obtaining time-te mperature �· u n e s .  

DeseriptioIl of th .. Woodland Installation 

Previous statenlcnts in this paper have been concerned with long tuhc 
vertical evaporators in general, we will now confine ourselves to the instal� 
!ation in Woodland. 

At Woodland \-vc have a five effect evaporator filanufactured by the 
Swenson Evaporator Company. Four of the effects are the long tube vertical 
type and the fifth is a calandria type. The first and second effects each con
sist of t�'o identical bodies operated in parallel .  The remaining effects are 
single bodies. Evaporator bodies used in the first, second and third effects 
are of the same size, each having 950 - j 1/2 inch O.D.  1 4  B.W.G. tuhes 1 8  
feet long. The fourth effect i s  somewhat smaller containing only 398  tubes. 
The calandria fifth effect has 1 , 1 20-21/2 inch O.D. 12 B.W.G. tubes 4 1/2 
feet long. This gives the first effect 1 2 , 000 square feet ;  the second effect 
1 2 ,000 square feet ; the third effect 6,000 square feet ;  the fourth effect 
2 , 5 00 square feet ;  and the fifth effect 3 , 200 square feet heating surface. 

Tuhe Corrosion 

Originally the tuhes were made from iron thruughout the evaporator. 
hut serious corrosion anu pitting of the iron tuhcs were experienced. Iron 
tubes had an average life of about 3 years, with many failing flluch hefore 
this time, causing many expensive interruptions in service. After testing 
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various tubes, the first and second effects arc now completely tubed with 
brass. Some of the brass tubes have heen in operation 5 years with very 
little corrosion. Eventually the entire evaporator will be tuhed with hrass 
when our present stock of iron tubes is depIcted. The fit"st two cffects were 
consiuereo the most important as any interruption in their service would 
seriously reduce the capacity of the evaporators. 

Stearll and J uice Flow Sy�tC'lIl 

During operation approximately half of the thin juice is fed to evap ' 
orator l A  and half to l B. Product from l A  feeds lA and l B  feeds 2B.  
Products from the second effects are  comhined to feed the remaining effects 
in series. See figure 4. Vapors from both first bodies are joined in a com
mon entrainment separator and then arc divided to each second hody. The 
same system is used in the second effect. 

When one body is out of operation for hoil -out, vapors arc with
drawn through a 6- inch header to a special hoil-out condenser. When one 
of the first bodies is out of service, some exhaust steam is by-passed to first 
vapors to make up the deficiency. Similarly some of the feed is led directly 
to the second effect in order to maintain the capacity. 

VapOl" Heating 

One of the most important advantages of the long tuhc vertical evap'  
orators is  in  the overall  steam economy resulting from complete utiliz,ation 
of vapors for process heating and evaporation. Table 2 shows an outline 
of the vapor distribution as used i n  the Woodland factory. First vapors 
are used in : 

White pans 

Thin juice heaters 

Second vapors are used in : 

Intermediate pans 

Second-carbonation heater 

Thin juice boiler 
Thin juice heater 

High and low meltors (open injection) 
Cold waste heater (open injection) 
Saccharate milk heater (open injection) 

Third vapors are used in : 
Battery 
Raw juice heater 

Second-carbunation filter heater 
Standard l iquor heater 
Raw pans 
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Fourth vapors are used in the rav.' juice heater. 

Figure -f .-Flow diagram for 'Voodland evaporators. 
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Po1arlzat lon .A. 11 . 08 11.05 11 . 0 9  • I 0 . 03 0 . 02 O.()t, 1 1 . 10 Not 
0.01 . laD e O . OD ,to . 0 3  S InTert O D  PolD 0 . 02 0 . 04. 0 . 0 5  



686 AMERICAN SOCIETY OF SUGAR BEET TECHNOLOWSTS 

S a Solut 0 
• water 

Polar l za t l o n , A  
. ( 

�DTert OD PolD 

1 2 . 2 6  1 2 . 26 
0 . 02 0 . 03 
0 . 00 0 . 01 

12 . 27 
0 . 04  
0 . 01 

1 2 . 28 Rot 
0 . 03 aign . 
0 . 01 ,10 .01 

smaL\BY OF AVERAGE RmtJLTS 

Polarlzat i on 

Increas. In Invert on pol'o  

Suaar 901 ' D  Sue;ar 901 ' 0  Thin 
pH. 4. pH . 7  l!!.W. 

No ohange No ohanae No ohange 

0 . 08  0 . 02 0 . 0 2  

Tab le  I .  E"pcrimen t a l  re�\llt� f o r  � U g iH  Jl·stnh:tiulI by h.;at .  

At times it has been necessary to by'pass second to third vapors in 
order to maintain circulation in the raw pans and maintain sufficient heat 

for proper battery operation . This procedure is not recommended unless 

it is absolutely necessary because it cuts down the overall steam economy 

of the factory. 

Norlllal Operating Procedure 

The usual method of operation, assuming ,1 constant rate of slice, is tu 

keep the exhaust steam pressure at the maximum allowable figure consid, 

ering the mechanical and the steam load. This runs between 40 and 4 )"  

pounds a t  Woodland. Live steam i s  exhausted frum about 3 00 pounds tu 

the exhaust steam pressure through the turbine and is kept at the desired 

figure hy bleeding live steam through a pressure reducing valve to the 

exhaust steam line. This is possible because the steam load is greater than 

the mechanical load. When the evaporator becomes so dirty that the 

mechanical load exceeds the steam load, steam is blown to the roof by a 
pressure relief valve at 46 to 47 pounds. General ly this condition is not 
allowed to be reached. 

If the evaporators arc extremely clean and the opl'"rator wishes to 

reduce the capacity, he first closes down on the amount of water flowing 

to the jet condenser which reduces the vacuum causing a decrease in the 

overall temperature drop and thereby reducing the cap .. Kity. If further 

reduction is required, fourth vapors are backed up hy throttling the valve 

to the fifth effect. This reduces the temperature drop across the first effects 

where most of the evaporation takes place. If still further reduction is neces; 

sary the exhaust steam pressure is then reduced. 
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To t.I II •• t. 
Dlrr ... loo J'd". x.. ... ln. �t.r'��.t"4 .... hr 

, �li��lli��it§��· 
.

. ·· 
7 111 «11 aM Lo. X.lt. .. (Optl" l n J J  
A S \.<! .  Uquor Hnta" 
9 ...,.1te ran E: u p ' D.  1 0  ! n U r r.n t:"'p ' D  11 � .  re .. ETa p ' "  1<1 lIe"d1'1"8 T ... ..,. 

1) Co14 W."te ll •• Unl!': ( Open l n J I  
1 4  s- e " t.  . ... t. � t lk /It ( O p e  .. I n J I  �i:i �;.;;o ... " 0" B .. .... 

��::: �.��:��������:upor.l�n 

. "  , . �  

Li .... 

.. " 

: a  .... ':'0 1'\irb:, ••• ( U ee trl'al a .. 4 � ·.ell.nlc81 ro .. � r J  
Totel S t a  .... � 0" B.at. • "�40, .. 171 c., L '" 945 ���lo:t;�!.! �r !M�!·o� ;e;t!l; :"IoL .. i .. �O �::,.orot5·:�p�r<'l�t;�L;:t:[�/ �c:.���O�r Ton a .. u) 
�"S pel" Sag at 3uII':ar 9<>.11::' f'roduoe<l of Tote1 II:llte .... d 
31'J p�r BB': or <';u,."r 
� ! l  pero"n� e n  a .... u . / lI:l . SGO II"� ,1 l l .  �6' BoH.1" E r r . )  

� ��:g 
t= ��:g 

Heat B alance 

I A O(J  To ... /'MO e t s  lo O T  EIl"." !'!ol 
... If "'N."� Su.., .. - ToUol I'f<>l . l H .OT 

fill ht iliid jR 4th 
$1.. "e, hp Yap .. ap 

4. 1 1  
4 .7' 

10.,. 

.6) �!9fo de! rt9� 

In normal operation according to the theoretical heat balance no steam 

reaches the last effect. Only when an evaporator body is out of service or 

the capacity of the vapor demand is reduced do we have any heat reaching 

the fifth effect . In table :' we have a heat balance of our evaporators made 

from data taken from 1 2 0  days of the last campaign. Note that steam is 

reaching the last effect in a quantity greater than is Cl. vailable from the 

fourth effect. This indicates that there is considerable hy-pass of vapors and 

probably errors in the data. This heat balance does not include the addi

tional heat gained from condensate flash, but this is assumed to be approxi

mately equal to the amount of heat lost due to radiation and conduction . 

The actual heat transfer coefficients in the first two effects are consid

erably less than the design coefficients which fact further accounts for 

the vapor pressures being lower than anticipated . 
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H£A T BALAIVCe:, r/ou:Jc LI/APORATORS 
I,?O DAYS /9+ 7 DA4PA/t;N� SPR£CKE£.5 Sl/(;A/f' Co .. WOODUlNO 

.£'/00 T, 620 GPM A r  250 "r:, 13.0RL>S, B7APC; VAc ..... ,2f.J ;ISs:S':r 
AS3VMC �CA r L OS$ TO HE EOVAt.. ro HFA T GAINED eT 

CONDENsA Te rLAS/"'I. 

ErF£C T I II .or .zy :IT 
CH�ST PHCSSVRE 40·2 '"' 22· 9 "  10·/ -IT ,p. 1 '" 9·/ 

. 

"MP. er STEAM ... 6F. £'86.9 263,5 239. 6 21B 8 1940 
HEAT TO CHrsrBru/HR.r/tJ-J I�/J 95"1- 7,£',560 1� 9"5 G- 5.?O 9',6.53 
7EMP.· oF UQVON OGI7; r. 26-1. S' £,4/· 6  2RI· S /97.0 /58· 9 
AMOI,INT 0' FLASk � "r. - /.,. . 5  2R· 9 20. /  2"". t) 3e./ 

JuKF 71:) EYA.P. '""7H'R .l' /(}-� 3R58 £'003 1/9 6 96·78 8820 
SPtE"c/� HEA r 0· 95 0. 93 O S5 0.80 0. 77 
HS:r kH ;�!J!; -4, +86 4,266 4 �3 /, 897 � 5BB 
7:;:. Ag":::J); .x 7$=J /1� 468 76; 8.:'6 2� 9"'A 8, 41 7 /2,, 241 
W-04 rCR EVAP. P/IIN. r /0 -3 I<! S. S'  801 2.?- 7.E? 8. 58 12 ·/8 

t-. JU�E f:JfY'M CYAP. �"" J /o -.s 200.3 //9. 6 96 78 B8..?0 76·0'(! 
R. D. S.  Ovr 21.2 35· 4 43· 7 48·0 SS- 7 1J:-Z,f!:Fr8r;�/ho,c�s..3 4<1, 908 54 921 15,.,.21 -1,236 -

z:.��::C:: .. ;::;::�/o-� 2�600 5�SOO /8, 000 � 090 -
A 7;  liMP. D,,.,.. or. 22· 4- 21· 9 18· 1 21·8 35·1 
!-IcA r'Nc AR£A .. So. Fr: 12, 000 lZ"aoo �OOO � 500 � �OO 
(/4 r, Srv./HR/SQ.rr. 10, 163 6, 0�7 :l 31 7 '::' 608 � O17 
U;s'::JH:i;;'��cr-;r. 4..54- 2 76 183 120 86 
ASS(,IM�O SRN. AND /. 0  2.0 2 · 7  :s.o J . .,.. PIPES3111f'# Lo.s:s .. OF: 
G.PM. pC/P '7'lAIc 0:��6 0./94- a207 O.�7 --
BOILOU r.s '7 8 6' + .,. 

Tabh: 1 .-HLolt b.dalll'(·, \\'ooJland CV;Lporators fur 1 9 .j. 7  camp a i g n .  

Fa(�lors Affecting: Heat Transfer 

Why the low heat transfer coefficients? This may be Jue to several 
different causes. One might be the failure to completely remove the non
condensable gases. The general agreement hetween evaporator experts is 
that non-condensahle gases arc swept along with the steam and can be 
most effectively removed at the end of their p"th. This is the point in the 
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l l l l l).,!  t u he l'va por;l tor where <ll l o r  the vO l pors h a ve heen conJcllst..'J anJ i.s 
/oC<ltl'd a t  the hottom of the steam chest. M;U1 Y operators fed that the 
non�conJcnsablcs should be removed at the top of the stea.nl chest. 

The second reason, and the more likely, is the very rapid scaling rate 
which nlay be caused to a certain extent by improper design. Note that in 
table 3 the calculated flow rate in GPM per tube is  approximately 1/3,  
1 / 1 0, 1 / 1 0, 2/5  in the first four effects, respectively. In some recent pilot 
evaporator experiments, which are however not conclusive, it was shown 
that the evaporator tubes scale at an accelerated rate at  the low flow rates, 
with 1/3  GPM per tube being about the lowest rate that can be handled 
with the normal  scaling rate. To further aggravate the situation there is 
the possibility of the channeling of the flow to certain tubes leaving the 
others in cmnparative dryness. The main reason for increased scaling at 
these low flow rates is that the juice has an opportunity to " 'stew�' and reach 
higher temperatures and higher local concentration which in turn causes 
scaling. In some pilot evaporator studies we h ave obtained as much as three 
times the heat transfer coefficients by operating at h igher flow rates with 
very slight scaling. Values of 700, 800, 700, 4 5 0  were not uncommon in 
the first four effects, respectively, after many hours of operation. Note 
that the factory averaged only 5 00,  300, 200, and 1 00 .  However, channel
ing is no prohlem in our pilot evaporator because of its size. One way to 
increase the flow ra.te per tube and yet maintain the same overaJ I  heating 
area is to decrease the number of tubes and increase their length . 

S cale a n d  Scale RCllloval 

The scale found in our evaporator tubes is similar to that found in 
any beet sugar evapurator consisting mainly of calcium oxalate, carbonate 
and suI fate. The exact composition of course, is dependent on the nature 
of the beets bein g  handled. 

Scale in  the long tube evaporator cannot be readily removed by mech� 
anical methods and thus chemical procedures are used.  Based on experience 
the fol 1owing method has heen found satisfactory in most instances : A fter 
removal from service the evaporator body is filled with a 4 �percent caustic 
soJa and soda�ash solution and is boiled for :'; or 4 hours allowing the solu� 
tion to circulate up through the tubes and down the discharge line and 
so on. It is then fol lowed by a water rinse to wash out the remaining traces 
of caustic. Now it is  boiled an additional :'; hours on a 3 'percent inhibited 
hydrochloric acid solution. After the final rinse the evaporator tuhes are 
general ly clean. 

Summary 

Summarizing our experiences with the long tube vertical evap� 
orator we have found them to he entirely satisfactory in spite of their lower 
than anticipated heat transfer coefficients because of their great overal l  
saving in steam. No doubt with further experimental work the reasons and 
the remedies for these discrepancies can be found and a better design can 
he made. 




