
Sept. 16, 1952 

to 

K. H. EAKN 2,610,932 
CLARIFICATION OF SUGAR CANE JUICE 

Filed July 27, 1950 

f 
EAER 

BAS ASSE 

723 
WACUUM 
PMP 

SRA NERS 

FEEDTANK - 

o 
f2 EWApor ATORS 

N 
CAR FER Yue is 

fe a 

suscar 
Se--- fa 
- FEED - TANK 1 

3O 
/ 

19 
/ 

s As 6 18, ? l/ 
f8 

wAsi?ts 
WATER 

2 

a? 
20 (ar 

CAKE 

30 

29 

P IAWVEWTOA 
A(eith A. Aakin 

"S.S. fails 

  

  

  



Patented Sept. 16, 1952 

UNITED STATES PATENT OFFICE 
2,60,932 
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a corporation of New Jersey 
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The invention relates to the clarification of 
sugar cane juice and has particular reference 
to an improved method and system for this pur 
pOSe. 
The processing of cane Sugar usually involveS 

five stages, namely (1) crushing of the cane and 
extraction of the juice, (2) defecation of the 
juice, (3), clarification of the juice, (4) concen 
tration of the clarified juice by evaporation, and 
(5) crystallization of the sugar. In the first 
stage, the harvested cane is shredded and crushed 
by passage through the mill System, which may 
consist of several heavy crushing rolls preceded 
by the cane cutters and shredders. As the cane 
passes through the rolls, it is crushed so that 
the raw. Sugar juices are Squeezed from it and 
drain through the bottom of each mill stand. 
PaSsing counter-currently to the crushed cane, 
water is fed to the last mill and finally emerges 
from the first mill as the crude juice. The 
crushed and extracted cane leaving the last mill 
is known as "bagasse,' which is used as fuel O 
for the manufacture of by-products. . . . . 
The Second stage, or defecation, is a clarifican 

tion process similar to that used in the beet Sugar 
industry, in which milk of lime is added to the 
juice to precipitate insoluble impurities and at 
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the same time to carry down a considerable . 
amount of insoluble sediment in the Subsequent 
clarification. The liming is generally performed 
in large batch tanks, which supply the juice to 
a continuous gravity settler or clarifier. In some 
cases, the defecation, stage also involves treat 
ment of the juice with Sulfur dioxide gas. 

In the third or clarification stage, the lined 
juice is heated to a temperature of 212-220 F. 
before it is fed to the gravity settler. The flow 
of the juice to the settler is maintained at Such 
a rate that most of the Suspended heavy solids 
are able to settle to the bottom of the settling 
tank as a mud, which is continually removed by 
slowly revolving rakes or plows. The gravity 
settler may be of any desired type, such as a Dorr 
clarifier. The clarified juice, which usually rep 
resents 85%-90% of the volume of the crude 
juice, Overflows into a launder Ortray at the up 
per part of the settling tank and passes to the 
evaporators for concentration. The sediment or 
mud, which is removed continuously from the 
bottom of the settling tank, usually constitutes 
10%-15% of the crude juice volume and con 
tains the lime salts precipitated from the crude 
juice by the liming operation, a considerable ex 
cess of lime, shredded fiber from the cane, and a 
considerable quantity. of dirt and Sand washed 
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from the cane in the mills. The total sediment 
in this mud is generally about 20% insoluble ma 
terial. The fluid portion of the mud, approxi 
mately 80%, contains considerable amounts of 
Sugar in Solution, and in the interest of economy 
it is necessary to reclaim as much of this sugar 
as possible. ; : - 

Heretofore, it has been common practice to 
reclaim sugar from the mud in the gravity 
settler: by feeding the mud to a vacuum filter, 
after adding to the mud a considerable amount 
of bagasse to act as a filter aid. The vacuum 
filter, which may bean. Oliver filter, serves to 
remove the sediment as a cake, which is subse 
quently washed to reclaim the soluble sugar. The 
filter consists of a large hollow drum rotating 
slowly on a horizontal axis with the lower por 
tion of the drum immersed in the feed liquid or 
mud from the clarifier. A partial vacuum is 
maintained on the submerged outer surfaces of 
the drum so as to suck relatively clear juice into 
the drum through the metal screen which forms 
its periphery. A cake of solids is thus built up 
on the drum, and as the drum rotates the cake 
moves above the level of the feed liquid to a 
point in the cycle of the drum rotation where it 
is continually washed with a spray of fresh water. 
Then, at a subsequent point in the cycle, a doc 
tor blade adjacent the surface of the drum 
scrapes off the cake, after which the cleaned 
drum surface again moves down into the feed. 
liquid to complete the cycle. 
Since the smallest opening which is practical 

in the periphery of the filter drum is seldom 
less than 0.20', the filtrate from the vacuum 
filter, even when considerable amounts of 
bagasse are used as a filter aid, generally con 
tains from 2%-12% total suspended solids. One 
of the factors, which prevents cleaner filtration 
is probably the cane wax present in the mud, 
which would act to seal completely the finer filter 
clothes which would be needed on the drum to 
clarify the filtrate more effectively. Because the 
filtrate, in any practical operation of the vac 
uum filter, contains a substantial quantity of 
mud, it is not possible to feed the filtrate directly 
into the evaporating stage. Consequently, it has 
generally been necessary to recycle the filtrate 
from the vacuum filter to the Door clarifier or 
other gravity settling tank. This has been true 
under ordinary operating conditions, but, espe 
cially when the cane is harvested during wet 
weather; the amount of dirt in the raw cane may 
be so great that the filtrate from the vacuum 
filter may contain as much as 12% suspended 
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solids. To return such a filtrate to the gravity 
settling tank or clarifier would overload the lat 
ter, with the result that the production line would 
Soon have to be shut down. Accordingly, it is 
Sometimes necessary to discard the filtrate, which 
means a loss of valuable Sugar. 
The present invention has for its principal ob 

ject the provision of an improved process and 
System for recovering Sugar from the mud in the 
gravity settler or clarifier, which overcomes the 
above-noted disadvantages in the prior treatment 
of this mud. 

According to the invention, the Sugar cane mud 
from the clarifier or gravity settling tank is de 
livered to a filter, preferably a vacuum filter of 
the Oliver type, where a portion of the sediment 
is removed as a filter cake from the liquid corn 
ponent of the mud. This liquid component or 
filtrate, with the remaining mud, is then fed 
through a heater where it is heated to a tempera 
ture of at least 180°F. The heated filtrate, after 
being strained to remove the larger particles, is 
fed to a centrifugal separator of the type in which 
the centrifugal bowl or locus of centrifugal force 
is provided at its outer periphery. With Outlets for 
discharging a sludge component. In the bowl, 
the filtrate is centrifugally separated into a clari 
fied juice component and a sludge component, 
the latter being discharged through the peripheral 
outlets, and the clarified juice being discharged 
through a separate outlet. At least part of the 
sludge component discharged from the centrifuge 
is recycled to the filtering operation for further 
recovery of sugar from the sludge. Preferably, 
the sludge component from the centrifuge is 
passed through a gravity settling tank for re 
moval of the heavier and more erosive particles 
before recycling of the Sludge. The recycled 
sludge may be delivered to the filtering operation 
by mixing the sludge with the mud fed from the 
clarifier to the filter, or by spraying the sludge 
upon the filter cake. The latter may then be 
subjected to a washing operation, along with the 
recycled sludge, to remove the dissolved sugar. 

have found that when the mud from the clari 
fier is treated in this manner the effluent or clari 
fied juice component from the centrifuge will con 
tain as little as 0.3%-0.6% solids. At the lower 
solids content, which is possible under more fav 
orable conditions with respect to the amount of 
dirt and sand in the raw cane, the effluent or 
clarified juice component from the centrifuge is 
clean enough to be fed directly to the evaporator, 
thereby eliminating the necessity of recycling the 
juice to the clarifier. Thus, the process produces 
a fresher juice, simplifies the operation, and re 
duces operating costs. At the higher solids con 
tent, 0.4%-0.6%, the effluent from the centrifuge 
may be recycled to the gravity settler. However, 
since the solids content is relatively low even in 
this case, the recycled filtrate does not overload 
the clarifier, and so it is not necessary to incur the 
loss of filtrate which would result from the prior 
practices, especially during periods of wet weath 
er. 
By recycling part of the sludge component 

from the centrifuge to the inlet line of the cen 
trifuge, it is possible to regulate the concentra 
tion of the 'sludge component, which may con 
tain up to 35% solids. . . . . 

For a better understanding of the invention, 
reference may be had to the accompanying draw 
ing in Which the Single illustration is a schematic 
view of a preferred system for practicing the in 
vention . . . . . . . . . . . . - - - - , 
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Referring to the drawing, the limed sugar juice 

from the defecating operation is delivered through 
a pipe O to a heater , where it is heated to a 
temperature of about 212°-220 F. From the 
heater , the juice is fed continuously to a 
gravity Settler or clarifier 2, which is preferably 
of the Dorr type, having revolving rakes or plows 
(not shown) for continuously discharging the 
settled mud through a bottom outlet 2a. The 
clarified juice, approximately 85%-90% of the 
Crude juice volume, is discharged from the upper 
portion of the clarifier f2 through launders or 
trays to an outlet .2b, from which the clarified 
juice is delivered to the usual evaporators. The 
mud which settles to the bottom of the clarifier 
12 is discharged through outlet 12a to a feed tank 
3, where the mud is mixed with a considerable 
amount of fine bagasse fed from a pipe 4, the 
bagaSSe acting as a filter aid in the subsequent 
filtering operation. 
The mud is fed continuously from tank 13 

through a pipe 5 to a vacuum filter f6, which is 
preferably of the Oliver type. The filter comprises 
a container T for receiving the mud, and a hollow 
drum 8 rotatable on a horizontal axis 8a. The 
periphery of the drum is formed by a metal screen 
so that the drum is perforated, and the drum 
rotates slowly with its lower portion immersed in 
the mud in container f7. The interior of the 
drum is connected at the axis ?ea to a suction 
line 9, whereby a partial vacuum is maintained 
on the submerged outer surfaces of the drum so 
as to Suck-relatively-clear juice from container T 
through the perforated periphery of the drum and 
into the vacuum line f 9. Consequently, a cake of 
Solids accumulates on the outer surface of the 
drum. As the drum rotates, this cake is moved 
above the level of the mud in the container T 
and carried around to a doctor blade 20 pressing 
against the drum surface, so that the cake is 
Scraped off the drum and discharged from the 
filter as shown at 2. The cleaned drum sur 
face thenrolls down into the mud in the container 
f, and the cycle is repeated. Prior to the scrap 
ing operation by the blade 20, the filter cake is 
preferably washed with a spray of fresh water 
delivered through a pipe 6d. 
The filtrate from the filter 6 is sucked through 

thle pipe line. 9 to a closed tank 22 which is main 
tained under a partial vacuum by a vacuum pump 
23. The filtrate passes from the tank 22 through 
a heater 24 where it is heated to a temperature 
of at least. 180° E. The heated filtrate is then 
passed through twin strainers 25 to remove the 
larger particles from the filtrate, and from the 
strainers 25the filtrate is delivered to a feed tank 
26. The latter is connected through a pipe 26a. 
to the inlet of a centrifuge 27 having a sludge 
outlet 2 a. and a clarified juice outlet .27b. The 
Centrifuge 27 is preferably of the DeLaval AC-WO. 
type, in...Which the centrifuge bowl is provided 
With peripheral outlets for the sludge and a sepa 
rate outlet located nearer the bowl axis, for dis 
charging the clarified juice. 
The Separated sludge component discharged 

from the centrifuge outlet 2 td. is delivered to a 
sludge collecting tank 28. The tank 28 functions 
as a feed tank for pumps 29 and 32 in pipelines 
30 and 3f, respectively, and is preferably fitted 
With a vertical partition 28a. In the tank 28, the 
heavier and more erosive particles of the sludge 
Settle out, the lighter particles passing over the 
partition 28a, to a sub-compartment. 28b of the 
tank. At least part of the discharged sludge 
component is fed continuously from the con 



5 
partment 28b by a centrifugal pump 29 to a pipe 
line 30, through which the sludge component is 
recycled to the filtering operation, as by return 
ing the sludge to the feed tank 3. Alternatively, 
the recycling of the sludge component may be 
effected by feeding it from pipe 30 through a 
branch pipe 30a, which sprays it upon the filter 
cake on the drum 8. 

Part of the discharged sludge component from 
the centrifuge is preferably fed from the sludge 
collecting tank 28 through a pipe 3 to a cen 
trifugal pump 32 which feeds the sludge through 
tWinfilters 33 and pipe 34 to the centrifuge feed 
tank 26. In this way, it is possible to increase 
the concentration of the sludge component dis 
charged from the centrifuge outlet 2d, and by 
regulating the rate of recycling to the feed tank 
26, the concentration of the sludge may be ad 
justed. 
The effluent or clarified juice separated in the 

centrifuge 27 is discharged through outlet 2b to 
a pipe 35. From the latter, the clarified juice 
component may be fed to the evaporators. HoW 
ever, in cases where the mud from the clarifier 
2 contains excessive quantities of sand and dirt, 
I prefer to recycle the sludge component directly 
from the centrifuge outlet 2b through pipes 35 
and 35a, to the clarifier 2. 
The practice of the present invention enables 

a practically complete recovery of Sugar from 
the mud in the clarifier or gravity-settling zone 
i 2, and yet the added load, if any, on the gravity 
Settling ZOne 2 is inconsequential, even under 
the most adverse conditions with respect to the 
amount of Sand and dirt in the raw cane. Sludge 
from the centrifuge 27 is subjected to a further 
Sugar-recovery operation as a result of its recir 
culation to the filter 6, either by being mixed 
directly with the feed to the filter receptacle 7 
Or by being delivered directly to the filter cake. 
The sludge combined with the filter cake which 
is discharged at 2 may be further processed for 
recovery of remaining sugar. Since it is not nec 
eSSary to effect a fine filtering of the material at 
the filter is, the latter may be operated at rela 
tively high capacity so as to handle the increased 
load represented by the sludge recycled to the 
filter feed tank 3. 

I have found that the heating of the filtrate 
prior to its introduction into the centrifuge 27 
is an important factor contributing to the suc 
cessful operation of the new process and system. 
Preferably, the filtrate is heated in the heater 24 
to a temperature of 200 F. or higher. Unless 
the filtrate is heated to a temperature of at least 
180 F. prior to the centrifuging, the centrifugal 
bowl will become clogged or plugged after a rela 
tively short period of operation, with the result 
that the recovery of Sugar is impaired. This is 
evidently due to the presence of wax in the fil 
trate, and by centrifuging the filtrate at a tem 

2,610,982 

10 

5 

20 

25 

3 5. 

40 

45 

50 

5 5 

60 

6 
perature of about 200°F. or more, which is some 
what above the melting point of the wax, the cen 
trifugal separation is greatly facilitated. 

It will be apparent that the sludge settling 
tank 28, pump 29 and pipe 30 constitute a means 
for recycling at least part of the sludge com 
ponent from centrifuge 27 to the filtering opera 
tion at filter 6, by way of either the feed tank 
3 or the branch pipe 3d, or both. In the sludge 
tank 28, the heavier and larger particles are re 
moved from the sludge, so that the System re 
cycles to the centrifuge only the Smaller particles 
of sludge, which have less of an erosive action 
on the centrifugal bowl and do not clog the out 
lets for the sludge. 

I claim: 
1. In the clarification of Sugar cane juice Con 

taining suspended heavy solids, by feeding the 
juice to a gravity-settling zone where the solids 
settle to the bottom as a mud, separately dis 
charging the clarified juice and the mud from 
the upper and lower regions, respectively, of Said 
Zone, and Subjecting the mud from said Zone to 
a filtering operation to recover juice therefrom 
as a filtrate, leaving a filter cake of mud, the 
improvement which comprises straining said fill 
trate, feeding the strained filtrate at a tempera 
ture of at least i80° F. to a locus of centrifugal 
force and there separating it centrifugally into 
a clarified juice component and a sludge COmr 
ponent, separately discharging said components 
from said locus, and recycling at least part of 
the sludge component from said locus to the fil 
tering operation to recover sugar from the sludge. 

2. The improvement according to claim 1, 
comprising also the step of feeding said sludge 
component through a gravity-settling zone ber 
fore it is recycled to the filtering operation. 

3. The improvement according to claim 1, in 
which said sludge component is recycled to the 
filtering operation by spraying the sludge come 
ponent on said filter cake. 

4. The improvement according to claim 1, in 
which said sludge component is recycled to the 
filtering operation by spraying the sludge Com 
ponent on said filter cake, the improvement com 
prising also the step of Washing the filter cake 
together With said sludge component to recover 
the soluble Sugar therein. 

5. i? he improvement according to claim 1, 
comprising also the step of feeding part of the 
sludge component to the centrifugal locus along 
with said strained filtrate, to increase the con 
centration of said sludge component. 

6. The improvement according to claim 1, 
comprising also the step of recycling said clari 
fied juice component to said gravity-settling Zone. 

KETH. H. EAKN. 
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