Factors Affecting Capacity and Design of
First Carbonation Thickeners
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The Dorr Continuous Carbonation System is designed 1o produce
floe in beet sugar juice suitable Tor sewtding in st carbonation thickencers.
The wse of thickeners on juices from batch carbonation stations s not
recommended i chat solids formed i this system are not only difhicult
to thicken but also may vary so widely Irom one batch o the next so that
continuous thickening is impractical.

Other wypes ol continuous carbobation svstems are used in Furope
and in oa few plants in the United States. It is bevond the scope of this
paper o discuss carbonating techniques or to compare bawh carbonation
and the different continuous carbonation  systems, Thickeners are  wed
normally with all continuous carbonation systems but it appears that thick-
ener capacity varies with cach wtype of process. Therelore, fivst carbonation
thickener operations as discussed in this paper apply only 1o those used
in the Dorr Contnuous Carbonation System,

The quality of thin juice Is affected by o large number ol variables
some of which are under the control of the Tactory managoment, Others,
resulting from the composition of the raw diffusion juice, cannot be con-
trolled. Variations in the latter exist from plant 1o plant and, at any one
plant, from mouth to month and from vear to year, depending on the

harvest areas, weather, storage conditions, and condition of the beets——
green, yipe, frozen, or partly decompaosed.

Fortunately, the effect of these variations in juice quality can be oflset
to a certain exeent by the adjustment of other conwollable variables, such
as lime consumption, first carbonation alkalivity, juice temperatures, and
even thickener underflow densities. I general, most investigators are in
agreement that bigh first carbonation alkalinivies, high Timing, and low juice
temperatures praduce the best quality juice, On the other hand, some feel
that the excessive detentions required in frst carbonation thickeners are
mainly responsible for juice degradation.

H. Elliot (2?2 conduded from plant tests conducted in a-first carbona-
ton thickener in which dewentions could be reduced by 595 percent of
maximun, that “reduction of (detention) time i isell was not the solution
to the formadon of color.” fu reviewing the lacwors influencing color forma-
tiop in the Dorr system, Elliot concludes, “asswning consistent Hime addi-
tion, the final alkalinity has more bearing on the color of the juice than
any other single factor”” Experomental work (1) has shown that the higher
the alkalinity, up o a certain point, the better the quality ol thin juice
produced, as judged by color, Time salts and colloidal content. Ac 807 €
the optiroum alkalinity was found to he near 0,180 porcent CaQ oon Juice
for saccharate mitk defecation, and between 00100 and 0,120 percent CaQ)
on juice for milk of lime defecation.

! Development FEogincer, Inddustrial Pechnical Division. Doer-Oliver Incorporated. Stam-
ford. Conn,
2 Numbers in parentheses vefer to Hiorature cited.
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During the 1933 campaign, a survey ol several beet sugar factories
cmploying continuous carbonation showed rhat each carbonation thickener
tested was operating at maximum capacity, Each plant was carbonating at
as high an alkalinity value as possible and, in straight houses, adding a
minimumn ol lme while producing o Hoco which separated satisfactorily [rom
the juice i the thickeners. Av the same tinme, mud was discharged  from
the thickeners av the maximum possible solids concentrations.

In the Sweflens houses visited, average first carbonation  alkalinities
ranged [rom 065 1o 086 percent Caly on juice, lime consumptions {rom
2.82 to 4.60 porcent CaO on beeis and solids concentrations of mud from
15.0 to 245 percent. Average first carbonation alkaliniues in the straight
houses ranged from 064 to 071 percene CaQ on juice, lime consumptions
“from 1.61 to 233 percent CaO on beets and solids concentrations of mud
from 13.3 to 200 percent. Changing any onc ol the three conditions in
cach mitl would have permited adjustments in the other two while staying
within the capacities of the thickeners,

Preliminary investigations revealed that the factors which influeneed
the quality of thin juice were also those which affected the capacity ol
first carbonation thickeners. Therefore, it was lele that a berer quality
of thin juice might be produced i first carbonadon thickener capacity
was to be increased, particulardy i an increase in thickener capacity could
be obtained in tank volumes no larger than that found in existing thickeners.

Because cach machine rested was operating st maximum capacity, an
unusual  opportunity presented el o determine  the lactors affecting
capacity, wud from this, to evaluate design cviteria in an attempt to inerease
capacity.

Continuous thickeners were mtroduced to the beet sugar industry with
the advent of coutinuous carbonation. Fray type thickeners were chosen
over unit type thickeners because of reduced floor space  requircments.
Abso, because of the size of foundation and covering, and the amount of
insulation required, they are normally cheaper than unit dhickeners of
cqual capacitics,

The purpose of any thickener s to produce an underfiow of @ maximu
solichy concentration such that cquipment required for further dewatering
or washing of the solids will be ol a minimum size. A further purposc
is 1o produce an overflow of o minimum warbidity such that the quantiy
ol suspended solids Torwarded to lurther processing is uot objectionable
cither by contamination of the product or by loss in capacity of cquipment
turther along the line. In the sugar indusiry, it s required thar these
functions occur without undue holding periods of the juice in process.

In general, thickener capacity may be limited by any one of three
variables—ithickening area, total seetling area, and detention time. A well
designed thickener provides suflicient avea and volume such that capacity
is not serinusly rosuricted by any one of these factors. [t becomes necessary,
therefore. to determine the limiting value placed upon capacity of ecach
variable.
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Tray dhickeners may contain any sumber ol compartments. However,
the number seldom exceeds five because the over-all depth would  become
excessive i a larger number were wsed, The number ol compartments
times the tank arca s equal o the wial arca available for seutling and
determines the upward displacement rate or overflow rate. Thus, a thickener
containing two compartments would overflow at a linear rate twice as
great as one of equal diwmeter containing four compartments il bodr were
fed ar identical rates.

If @ sharry conmaining solids which exhibited an initial subsidence rate
less than the everllow rate ol the two comparunent thickener but greater
than that of the four compartment thickener were fed to both units, clari-
fication would be evident only in the Tour compartment machine, Similarly,
il the solids exhibited an inigal subsidence rate greater than the overflow
rate ol the two compartment thickencer, clarification would take place in both
thickencers.

I the latter case, assunung that these solids were partially Hocculated
particles, as is the case of the carbonate floc, the degree o which dlarifica-
tion would tuke place would no longer be o funciion of overflow rate, but
rather ol dewention vme. Flocculation  proceeds connnuously  throughout
claffication, the rate ol flocculation being a funciion of the solids concen-
tration at any given ume. Thus, the towd tme available lor flocculation
of partially flocculated pardicles determines the chance lor collision and
coalescence and, therelore, 1 of major signihcance in determining  the
clarity of overflow,

The mital subsidence rate of the solids is the himiting Tactor ol over-
fow rate. 10 this were also Jound to be the Hmiting lactor ol capacity,
total settling area could be caleulated on this busis alone whether this area
be wanseribed into the tray area of two or more compariments or into the
Hoor arca ol a untt thickener. The totad tme required for Hocculation o
reduce the wrbidity of overflow o any value desived could be provided
by adjusting the overall depth of a tray or unit thickencer,

The wtray area of any one compartment may serve Lo compress solids
to the desired solids concentrations, only i the compartment js proporly
designed. The normal type o finst warbonaton  thickeuer econtains four
compartments, ol which two  (in some cases only one) are designed 1o
thicken and discharge mud.

I capuacity were hmited by the area available for thickening, the capa-
city of a machine containing two thickening compartments should be double
that of ove containing a single thickening compartment. Similarly, in four
comparunent thickeners, if cach compartnent could be designed o thicken
solids, the machine might awain a capacity four tmes as great,

Thickening area requirements of solids wmay be determined from batch
seitding tests. Coce and Clevenger (1) i 1916 showed how to predict these
vahies, Howcever, the test procedures of Coc and Clevenger often produce
crratic results when testing first carbonation juices as the floc structure
changes radically when the material is repulped
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Kynch {3) recently presented a mathematicad analyvsis on batch settding
tests. A simplificd experimental procedure and interpretation, as outlined
by Talmadge and Fitch (5} . made it possible o chieck thickening capacities
accurately by luboratory tests during the 1953 survey.

An excellent corrclation exists between batch tests and resuls from
actual thickener operation when the daw is compared 2t conditions of
actual continuous carbonation opceration. Results obtained from batch wests
were within 15 percent of operating data as shown in Table 1. indicating
that the available thickening area at cach plant was determining the solids
handling capacity of the thickener.

Table L-~Thickener Unit Arveax Determioed From Operating Data and Batch Tesis,
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A -=Steffens House Tdabo L0653 2.82 163 6,98 (3,88
B—-Straight Howse  Colovado 0G4 1.6 145 ja 1Y
C—Straight House  Montana 071 2,43 227 5.23 5.20
D--Steffens House  California 086 150 1 4.64 552

Further batch settling tosts showed that thickening univ area values
varied cousiderably with juice alkalinities, lime addition. and  thickener
underflow concentrations. Table 2 presents umt arca requirements ol floc
formed at different juice alkalintties i one factory where saccharate milk
of lime was added (o the extent of 3.63 percent Ca® on bects, Table 3 shows
unit area requircinents of solids formed at a juice alkalinity of 100 percent
CaO on juice and where the guantity ol saccharate milk of Hme varied
Values shown represent thickening arca requirements for average  beet
conditions in Steffens houses and might well pertain to any Stefiens house
as long as just consideration is given o lime consumption, juice alkalinity,
and underflow solids concentration. On the whele, thickening arca require.
ments are less in straight house uodey cqual conditions.

Table 2—Effect of Juice Alkalinity on Thickening Unit Areas Betermined by Bawhb
Sertding Tosts—8tefiens House Operation—3.65% CaQ on Beets,

Unit Thickening Area

Sq. Fi./Ton Solids/Day
First Carbonation Alkalinity Underflow Concentration—°Brix
2 Ca on Juiee

@5 14 45 50
080 Ll BN 8.5 8.1
090 5.1 6.3 7.4 a8
10 5.8 7.1 9.0 1.2
Ao 8.6 .0 1.2 12.7

120 7.5 9.1 1L 1.4
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Table 3.—Elfect of Lime Addition on Thickening Unit Arcas Determined by Batch
Sewtling Tests—Steffens House Operation—Juice Alkabinity: 1009, CaO on Juice.

Unit Thickening Area

Sq. Fo./Ton Solids/Day
Lime Addition Underflow Concentration—"Brix
9 CaO) on Beets

35 44 43 50
2.5 15.6 19,0 25,4 29,4
295 12,6 15.3 181 24.0
3.0 1.3 12,5 (5.6 19.7
b 8.2 10.0 12.4 15.8
4.6 8.0 1.0 12.7

5.2 4.0 7.6 9.6

Tests conducted to determine the Hmits imposed upon capacity by the
initial subsidence rate and flocculation rate of the carbonate parddes show
that these rates also varied with chunges in juice alkalinicy and lime addi-
tion. However, results indicate that the lindting values of these rates would
not be exceeded at the maximum solids handling capacity as dictated by
thickening arca. Thickening arca, therefore, i the most important single
factor 1o consider i first carbonation thickener capadity.

It was fedt, therefore, that il more thickening arca were provided within

fixed volume, the capacity of a thickener would be imarcased proportion-
ately, Purther, test results indicate that this capacity increuse might be
used o any advantage desired i operation-—obtaining higher juice alka
linity, reducing lime comsumption, increasing solids concentration ol mud,
fncreasing juice throughput rate, or producing uny combination ol results-
as Jong as the thickening area requiremends were met. Thus, the primary
design criteria of first carbonation  multi-compartment  thickeners is o
utilize cach compartment for thickening.

It might be argued that af thickening area 1 the most important
criteriz ol capacity and design, it would be possible 10 reduce volume and,
therefore, reduce ()1>|uummbl(‘ detention time to o minimun Theoretically,
it is possible to reduce detention time considerably but only at the expense
ol obtaining a highersuspended solids concentration in the overflow, Ay a
result of differences in the quality of raw diffussion juice, thickening be-
havior ol carbonate f{loc varies considerably, thus making it necessary to
provide volume for surge capacity in the thickeners. Otherwise, any slight
fluctuation in the carbonator would produce exceptionally high overflow
turbidity before carbonation could he restored to normal, "The volume
provided for those surges is more than actually required for chitheation.
[ this manner, thickening determines not only avea requircncnts, but also
volunie requircments as well. Beonuse more volume is present than is actu-
ally required Tor dlarification, 1t s posstble to chiminue the conditioning
compartment, the volume of which cinnot be utilized Tor mud storage.

The new concept o design of first carbonation thickeners is shown in
Figure 1. The thickener might be considered as four separate unit wype
thickeners, cach unit stacked one on top of the other and cach receiving
feed from a common source. The lurge tank diamceter conditioning come-
partment in thickeners of previous design (Figure 2) has been replaced
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by a much smaller feed comparmment to reduce detention time. The com-
plicated center feed column has been climinated and juice now enters the
thickening compartments through centrally located feedwells of gradually

D' ]

{—

4

Figure 2—~TFirst carbonation thickener of conventional design.
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diminishing diameters. These feedwells are designed o maintain a uani-
form juice velocity of approximately four fect per winute twough cach
and they rotate with the mechanisin and are scaled at the level of the
trays to form an upcast boot which retains the settled mud in cach com-
partinent. Mud is discharged from cach comparument by means of individual
sludge pumps.

A first carbonauon thickener at the Spreckels Sugar Company's factory,
Spreckels, California, was modified for the 1934 campaign such that the
available thickening area was four dmes greater than that of the original
design, Essentially, the original thickener was of the design shown in
Figurce 2 and was modified o that shown in Figure 1. However, duc to
the lack of time lor conversion, cortain features of feed inoduction, foam
removal, and overflow box wrangement had to be eliminated which would
otherwise have been incorporated,

Prior to the modifications, the thickener at Spreckels was overflowing
juice having a solids concentration of 5 to 10 pereent solids by weight from
the two lower compartments. Based upon batch seuling tests, the thickener
was laboring 72.5 percent over capacty under the conditions imposed. As
shown on Table 4, conversion of the Spreckels thickener has made possible
an increase in the tons of beets sliced per day from 5200 o 3900, an increase
in first carbonation juice alkalinity from 0.067 1o 0.090 percent Ca(y on
juice, and operation with dear overflows from all trays.

Table 4.—Operation of First Carbonation Thickencr Before and After Conversion—
Spreckics, California.

Operation Operation
Prior to After
Caonversion Conversion
Slicing Rate--Ton Beers/Day 3200 2900
Lime Consumption - % Ca) on Beots 542 265
Ca0y o Carbonation - - Tons/Din 178 215
Solids 1o Thickener - - Pons/Dayv 3R 408
First Cavbonation AKalinity - % CaQ on Juice 067 0
Underflow Concentration ey /liter 280 - 250
Unit Thickening Area Requirements {Barch "Fests)

Fi2/Ton Solids/Day 26 5.4
Thickening Arca Available - bt 707 JRIR
‘Thickener Solids Handling Capacity - Tons/Day 196 108
Solids Overllowing Phickener - - Pons/Day 142 .16
Actual Increase in Solids Handbng Capacity . 208
Potential Solids Hlandiine Capacity - - Tons/Das IR 324
(at Alkalinity = .i)()(}’ fime consumption - 3.65% wnderfion

concentration = 250 gms er).

‘Theoretical Ineveuse in Solids Flandling Capacity — 412
Patential Inecrease in Solids Handling Capacity —— 4.00

% ~ - Theoretical Capacity/Porential Capacity TR
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Thus, comparing the operation of the thickener belore and afier con-
version, it is ovident that the modihed unit actually handled 2,08 times
the guantity of solids it was originally designed to thicken. From a the-
orctical standpoint, based on batch thickening tests, it is calculated that
the unit, prior to being maodified, could have handled 131 tons ol solids
per day under the conditions being met by the modified machine, The
modified thickener handled 408 tons ol solids por day and, therefore, under
identical conditions, it is calculated that the theoretical capacity of the
modificd unit was 312 thnes greater than that of the original design. Sim-
ilarly, the modified thickener should bave been capable of handling 524
tons of solids per day under these conditions. Therelore, the new unit was
operating ut 78 pereent cfficiency.

Obscrvation of thickener performance at Spreckels indicated that
greater portion of feed juice was being sphit to the upper thickening com-
partment. causing unduce turbulence which adversely allected the carity of
overflow from this comparument at high rates. Conditions were aggravated
by the lack of proper foam removal equipment in the leed compartment
and by lack of pipe sleeves in the overflow box, a sitnation which prm'(%mcd
control of clarified juice romoval from each compartment. As a resuly, the
cntive solids handling capacity of the thickener was being limited by the
claviication capacity of the upper compartment.

A second thickener was modified far the 1955 campaign at Holly Sugar
Company’s plant in Alvarado, California. The original thickener was iden-
tical in design to that of Figure 2, and conversion changed the machine o
the design shown in Figure 1. Proper foam removal equipment was mstalled,
aud a feed diffuser was added to insure that equal quantites of juice and
solids would be split to each compartment. Fxcept for these additions and
pipe sleeves in the overllow box, which are normadly provided on all first
carbonation thickeners, the Alvarade thickener was identical in design to
the Spreckels unit

Table 3—Operating Data of Alvarade Thickener Correlated with  Batch  Settding
Tests.

Period 1 4 3 - 4

Sticing Rate - Ton Beeis/Day 1771 1777 1674
Lime Consumption - %% CaO on Beets 4.11 3.9 3,86
Ca( to Carbonation - - ‘Tons/Day 75.0 T0.0 64.6
Solids to Thickeney —— Tons/Day 1985 1530 122.4
Ave, Fivst Carbonation Alkalinity-4% Ca)y on Juice 082 092 046 i
Ave, Underflow Concentration - “Brix 46.5 17.0 45.8 413
Unit Thickening Area Reqguirements (Batch Tests)

Fr'/ron Solids/day ISR 1.2 1541 NI
Thickening Avea Available e 1520 1520 1520 1520
Thickener Solids HMandling Capacity- Tons/Day 127.5 118.5 114.5%

% Variation — Actual o Potential
Solids Handling Capacity 8.4 1.5 R .4
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At Alvarado, the capacity increase of four-fold as provided by the con-
version was utilized to increase juice alkalinities upward above 0.090 percent
CaO on juice and to increase the average solids concentration of the mud.
In addition, it was found that Kelgum, used in previous years to increase
the thickening rate of solids, was not r(:ql.liri:(l in the new operation, thus
reducing operating costs.

Table 5 presents operating thickening data correlated with batch settling
tests results, the data shown being averaged results of four periods of
operation at Alvarado. Under the conditions described, average quantities
of solids entering the thickener during these periods check solids handling
capacities as determined by batch settling tests, the variation between the
two being well within the accuracy of these tests. It is assumed, therefore,
that the four-compartment first carbonation thickener. at Alvarado reached
its full potential capacity, and that this capacity was [our-times greater than
that of the original design.

Operation of the two first carbonation thickeners of the new design
showed that no more attention need be given this type of thickener than
would be required for machines ol previous designs. The stroke and revolu-
tion of each sludge pump was adjusted in a manner to produce approximately
equal pumping rates. Likewise, piping sleeves were adjusted to produce
equal overflow rates from each compartment. With the machine balanced
in this manner, each compartment produced overflows of a low equal tur-
bidity and mud of a high equal solids concentration.

600
524
500
4ns
TONS 400
SOLIDS
PER
DAY
300
200 196 —
142 =
=1 131—
100 1
—
0 06 :l
ELEE et e
BEFOR AFTER BEFORE AFTER BEFORE AFTER
SOLIDS OVERFLOWING ACTUAL THEORETICAL

THICKENER THICKENER CAPACITY

Figure 3.—Operating data of [irst carbonation thickener before and after
conversion—Spreckels, Calilornia.
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The new thickener design provides Iree communication from onc com-
partment to the uext compartment below. Should the thickener become
improperly balanced and more solids thicken in the upper comparoments
than can Dbe handled. the excess solids would overflow the upcast boot of
the {eedwell and descend to lower compartments, Henee, it is necessary
only 1o watch the mud level and the mud density of the botom compart-
ment o determine the proper rate of nd withdrawal from each compart-
ment.

Toests showed that the thickener at Alvarado would not overflow mud
from any of the upper three compartments without fivst filling the bottom
compurtment with mud, overflowing the bouom  compartment. and  then
flling up each comparument one at a vme, from the bottom up. Operation
“ol this type of thickener may be compared, therelore, m‘op(:r;\ling lour
unit thickeners, of which only one thickenor need be watched for signs of
adjustment in pumping rate or in changing carbovator conditions.
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