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[5 7] ABSTRACT 
A process for removing suspended solid impurities 
from sugar cane evaporated juice or sugar cane af?na 
tion syrup comprises adding a soluble phosphate salt 
to said sugar to form therein an insoluble calcium 
phosphate primary ?oc containing said suspended im 
purities, aerating the liquor containing the primary 
floc, with agitation, distributing uniformly throughout 
the aerated liquor from 1-40 parts by weight of an an 
ionic flocculating agent per million parts by weight of 
sugar in the liquor to initiate the formation of a sec 
ondary floc therein, said ?occulating agent being a 
polymer with a molecular weight from 1,000,000 to 
10,000,000 containing 50-80 mol percent acrylamide 
units and from 50-20 mol percent of anionic units, re 
taining the resulting mixture for from 15 seconds to 5 
minutes in a ?occulator vessel with non-turbulent agi 
tation preventing the segregation of the secondary floc 
from the liquor and allowing the secondary Hoe to 
grow, transferring the liquor containing the secondary 
?oc with minimal agitation and shear from the ?occu 
lator vessel to a separator vessel, allowing the second 
ary ?oc to segregate by ?otation from the liquor in the 
separator vessel, and separately removing clari?ed li 
quor and ?occulated solids from the separator vessel. 

10 Claims, 1 Drawing Figure 
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PRODUCTION OF CANE SUGAR 
This application is a continuation-in-part of applica 

tion Ser. No. 263,784, ?led June 19, 1972, and now 
US. Pat. No. 3,853,616. 

BACKGROUND OF THE INVENTION 

This invention relates to improvements in the pro 
duction of cane sugar. 
The production of cane sugar for human consump 

tion generally comprises two distinct operations, 
namely the production of raw sugar and the production 
of re?ned sugar, which are often carried out in geo 
graphically separate locations. In the manufacture of -. 
raw sugar, the raw juice obtained from sugar cane is 
normally subjected to deaeration in a ?ash tank, clarif 
iction (i.e., removal of suspended solids by sedimenta 
tion), evaporation to a thick syrup (known as “evapo 
rated juice”) in a multiple-effect vacuum evaporator, 
and crystallization in a vacuum pan. The “massecuite” 
(i.e., mixture of sugar syrup and crystals) produced in 
the vacuum pan is slowly stirred in a so-called “crystal 
lizer,” and the mother syrup is then spun off from the 
raw sugar crystals in a centrifugal separator. In order to 
remove the ?lm of syrup clinging to the surface of the 
sugar crystals, the wall of solid sugar in the centrifugal 
basket is washed with water inevitably, some of the 
sugar is redissolved, and the resulting solution is re 
turned to process for recovery of the sugar. If special 
processing is introduced into these stages, the crystal 
lized product can reach a standard suitable for direct 
consumption, and is then known as “Mill White” or 
“Plantation White” sugar; but generally raw sugar must 
be re?ned before it reaches an acceptable standard of 
purity. 

In the conventional cane sugar re?ning process, the 
raw sugar is ?rst washed and centrifuged to remove 
adherent syrup, and the “affined sugar” thus produced 
is dissolved‘ in water as “melter liquor.” The syrup 
removed from the surface of raw sugar is known as 
“af?nation syrup” and is broadly similar in composi 
tion to evaporated juice. It is treated in the “recovery 
house” of the re?nery, where it passes through vacuum 
pans, “crystallizers" and centrifugal separators similar 
to those used for the production of raw sugar, to re 
cover an impure crystalline sugar product which has 
approximately the same composition as raw sugar. This 
recovered sugar product is dissolved in water, along 
with the af?ned raw sugar, to make melter liquor. Thus, 
the treatment of af?nation syrup in the recovery house 
of the re?nery can broadly be equated with the produc 
tion of raw sugar from evaporated juice. 
The melter liquor is then puri?ed, generally by the 

successive steps of “defecation" and “decolorization,” 
and the resulting “?ne liquor” is crystallized to give 
re?ned sugar —- although the decolorization step may 
be omitted altogether when a relatively low quality 
re?ned sugar product is required. The defecation step 
most frequently involves forming an inorganic precipi 
tate in the liquor, and when this precipitate is removed 
it carries along with it insoluble and colloidal impurities 
which were present in the melter liquor. In one of the 
defecation processes commonly used for melter liquor, 
termed “phosphatation,” the inorganic precipitate is 
calcium phosphate, normally formed by the addition of 
lime and phosphoric acid to the liquor. The calcium 
phosphate precipitate is usually removed from the li 
quor by ?otation, in association with air bubbles. 
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2 
Many chemical additives have been recommended to 

aid the ?otation separation of suspended solids from 
aqueous liquors, including high. molecular weight ani 
onic polymeric ?occulating agents of the polyacryl 
amide type‘. However, it is found that the mere addition 
of such ?occulants will not necessarily give rise to the 
ef?cient ?occulation which is needed in order to 
achieve subsequent rapid and complete clari?cation of 
the liquor. In particular, as described and claimed in 
our copending application Ser. No. 263,784, we have 
previously discovered that optimum ?occulation of the 
suspended solids and ef?cient clari?cation of the liquor 
can be achieved by a process which comprises: forming 
a primary ?oc in the liquor containing suspended 
solids; aerating the primary ?oc, with agitation; distrib 
uting an organic polymeric ?occulant uniformly 
throughout the liquid phase of the aerated liquor, to 
initiate the formation of a secondary ?oc therein; re 
taining the resulting mixture in a ?occulator vessel with 
non-turbulent agitation preventing the segregation of 
the secondary ?oc from the liquor and allowing the 
secondary ?oc to grow; transferring the liquor, with 
minimal agitation, from the ?occulator vessel to a sepa 
rator vessel; allowing the secondary ?oc to segregate by 
?otation from the liquor in the separator vessel; and 
separately removing clari?ed liquor and ?occulated 
solids from the separator vessel. Our US. Pat. No. 
3,834,541 describes and claims an apparatus which 
allows this improved ?otation process to be carried out 
in a particularly advantageous way. 
The improved process of our copending application 

Ser. No. 263,784 is described in detail therein with 
particular reference to the defecation of cane sugar 
melter liquor by phosphatation/?otation, although it is 
applicable to the removal by ?otation of suspended 
solids from aqueous liquors in general, including sugar 
juices, liquors and syrups found in various stages of 
cane and beet sugar manufacture. However, it has now 
been discovered that certain modi?cations of and de 
partures from the preferred manner of operating the 
process for the puri?cation of melter liquor enable it to 
be applied more advantageously to the puri?cation of 
evaporated juice and af?nation syrup. 
The terms “evaporated juice,” “thick juice,” “thick 

syrup” and “meladura” are all used by sugar manufac 
tures to describe the same material, i.e.., a concentrated 
sugar solution which has been obtained by the evapora 
tion of a sugar juice. For the avoidance of confusion, 
only the term “evaporated juice” will be used in rela- ' 
tion to the present invention. It will be understood that 
this term means juice which has undergone at least one 
stage of evaporation, thus, in the case of a multiple 
effect evaporator train, the “evaporated juice” can be 
that taken from one of the intermediate effects, as well 
as that obtained from the last effect of the evaporator 
and from which raw sugar is eventually crystallized. 
Evaporated juice and af?nation syrup are very simi 

lar to each other but differ signi?cantly from melter 
liquor in their composition, particularly in their much 
higher impurity content. Thus, whereas crystalline raw 
cane sugar typically has a sucrose content greater than 
95% by weight, and melter liquor has a sucrose content 
of about 99% by weight on solids, the typical sucrose 
contents of evaporated juice and af?nation syrup are, 
respectively, about 80% and about 90% by weight on 
solids. Evaporated juice and af?nation syrup have a 
much higher turbidity than melter liquor, being almost 
opaque; they contain suspended matter, such as soil 
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and cane-?bre particles, which are never completely 
removed during the clari?cation step, and also precipi 
tated inorganic salts and ?akes of scale which are de 

, posited during the evaporation. They also have a rela 
tively high content of dissolved impurities, and in par 
ticular typically have a calcium ion concentration of 
about 2,000 ppm. In the conventional process of raw 
sugar manufacture, there is no provision for removing 
dissolved or suspended impurities from the evaporated 
juice before the crystallization of the raw sugar; and 
similarly, in the conventional re?ning process, there is 
no- provision for removing such impurities from the 
af?nation syrup before it is passed to the pans in the 
recovery house. The present invention provides an 
effective process for the removal of such impurities at 
these stages, and it has been found that this leads to 
considerable advantages in the subsequent processing 
of the sugar. 

SUMMARY OF THE INVENTION 

The invention provides a process for removing sus 
pended solid impurities from a sugar liquor which is 
cane sugar evaporated juice or af?nation syrup, which 
comprises: adding a soluble phosphate salt to said sugar 
liquor, to form an insoluble calcium phosphate primary 
?oc containing said suspended impurities; aerating the 
liquor containing the primary ?oc, with agitation; dis 
tributing uniformly throughout the aerated liquor from 
I to 40 parts by weight of anionic ?occulating agent per 
million parts by weight of sugar in the liquor, to initiate 
the formation of a secondary ?oc therein, said ?occu 
lating agent being a polymer with a molecular weight of 
from 1 million to 10 million containing from 50 to 80 
mole percent of acrylamide units and from 50 to 20 
mole percent of acrylic acid and/or acrylate units; re 
taining the resulting mixture for from 15} seconds to 5 
minutes in a ?occulator vessel with non-turbulent agi 
tation preventing the segregation of the secondary ?oc 
from the liquor and allowing the secondary ?oc to 
grow; transferring the liquor containing the secondary 
?oc with minimal agitation and shear from the ?occula 
tor vessel to a separator vessel; allowing the secondary 
?oc to segregate by flotation from-the liquor in the 
separator vessel; and separately removing clari?ed 
liquor and flocculated solids from the separator vessel. 
The process of the invention performs a number of 

functions which result in substantial advantages during 
the subsequent processing of the sugar. It results in the 
removal of insoluble suspended solids which have been 
carried over during the clari?cation of the juice. espe 
cially juice, particles which are found more frequently 
with the increasing use of mechanical harvesting of the 
sugar cane, and also inorganic insoluble salts which 
have been precipiated during the evaporation stage and 
some of which form scale that can subsequently flake 
off. It also results in the removal of calcium ions which 
would otherwise also form insoluble scale (either in the 
last effect of the evaporator or on the calandria of the 
vacuum pan) and which, in association with high mo 
lecular weight acidic polysaccharide impurities in the 
evaporated juice or af?nation syrup, would otherwise 
cause a substantial increase in both structural and New 
tonian viscosity. The removal of particulate impurities 
from the evaporated juice or af?nation syrup facilitates 
the subsequent centrifugal separation of the mother 
syrup from the sugar crystals, by avoiding clogging of 
the interstitial spaces in the wall of sugar crystals which 
forms in the centrifugal basket, so. that less water is 
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needed to wash the syrup from the crystals and conse 
quently less sugar is redissolved. The removal of partic 
ulate impurities which would otherwise be occluded in 
the sugar ‘crystals also leads to a product of lower tur 
bidity, which appears brighter and less coloured, this 
improved product, whether a raw or recovered sugar, 
has an enhanced value because it needs less re?ning to 
bring it to an acceptable standard for human consump 
tion. The lowering of the viscosity, resulting from the 
reduction of the calcium ion concentration, leads to 
easier stirringin the “crystallizers,” allowing greater 
crystallization of sucrose before the centrifugal separa 
tion step. It also results in better circulation of the 
massecuite in the vacuum pan, which reduces the inci 
dence of “false grain” generation and thereby produces 
a more uniform crystal product. This, in turn, facilitates 
the centrifugal separation of the mother syrup from the 
crystals, in the same way as does the removal of partic 
ulate impurities, so that less water is needed to wash the 
sugar crystals and less sugar is redissolved. The inci 
dence of “false grain” generation'is also reduced by the 
removal of insoluble particles such as fragments of 
cane ?bre. 

DETAILED DESCRIPTION OF THE INVENTION 

Evaporated juice taken from the last effect of a multi 
ple-effect evaportor typically has a sugar concentration 
of 50°—65° Brix and a temperature of about 60°C. Af? 
nation syrup typically has a sugar concentration of 
70°-75° Brix, and is preferably diluted to about 60° Brix 
before being subjected to the process of the invention. 
The optimum temperature for the process of the inven 
tion is 75°~85°C, and it is generally necessary to heat 
the evaporated juice or af?nation syrup in order to 
raise its temperature to this level, suitably by passing it 
through a heat exchanger; this can be done either at the 
very beginning of the process or after the formation of 
the primary ?oc. 

In the ?rst stage of the process of the invention, a 
primary ?oc is formed by adding a soluble phosphate 
salt to the evaporated juice or af?nation syrup. ‘It is 
possible to use a soluble calcium salt, such as monoba 
sic calcium phosphate or “triple superphosphate”, but 
it is preferred to use a non-calcium salt, such as Nag. 
P04, Na2I-IPO4 or NaI-I2PO4, so as to obtain the full 
advantage of reducing the calcium ion concentration in ' 
the juice or syrup. The phosphate is conveniently 
added in the form of an aqueous solution having a 
concentration of about 10% by weight. It is generally 
added at a level corresponding to 100-600, preferably 
200—400, parts per million by weight of P205 on the 
basis of the sugar in the juice or syrup. The phosphate 
reacts with the calcium ions present in the juice or 
syrup, forming a ?occulent precipitate of insoluble 
calcium phosphate. This precipitate entrains suspended 
impurities and also adsorbs high molecular weight dis 
solved impurities from the juice or syrup. Since the 
calcium phosphate precipitation reaction occurs quite ' 
slowly, it is preferred to add the phosphate to the juice 
or syrup' in a suitable vessel, such as a stirred tank, 
where it can be retained with mixing for about 2 min 
utes, to allow completion of the precipitation. 
The use of a soluble phosphate salt, such as a sodium 

orthophosphate, forlthe formation of the primary ?oc, 
as opposed to the use of lime and phosphoric acid in 
the conventional phosphatation treatment, provides 
important practical advantages. When lime is used, its 
addition must be very carefully balanced against that of 
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phosphoric acid, to keep the pH within acceptable 
limits. By using a salt such as a sodium orthophosphate, 
only one reagent is added instead of two, no pH control 
is required, and also the concentration of calcium in 
the juice is reduced. These factors render the process 
of the invention substantially more economical and 
ef?cient. 

If the temperature of the evaporated juice or af?na~ 
tion syrup is not already in the range of 75°—85°C, it is 
desirable to bring it within this range after the forma 
tion of the primary ?oc, suitably by passing the juice or 
syrup through a heat exchanger. The juice containing 
the primary ?oc is then aerated. The injection of air is 
essential, because evaporated juice has been ef?ciently 
deaerated in the ?ash tank prior to the clari?cation 
step and then in the evaporator itself, and af?nated 
syrup also needs additional aeration. Ef?cient aeration 
can be achieved, for example, by the injection of air 
into the juice or syrup which is passed through a cen 
trifugal pump with an impeller operating at a tip speed 
of about 30 meters per second. Alternatively, a high 
speed high-shear aerator can be used, operating with a 
rotor speed of about 3,500 rpm. Satisfactory results 
can be obtained with an aerator capable of supplying 
about one-half horsepower per ton per hour of solids 
throughput. More ef?cient aeration can also be 
achieved by causing the juice or syrup to ?ow through 

15 

6 
the one hand, good distribution of the ?occulant can 
not be achieved by merely dosing it into a volume of 
the juice or syrup; whilst, on the other hand, violent 
blending, such as produced in some in-line mixers or by 
passing the juice or syrup through a centrifugal pump, 
is also unsatisfactory. Thus, although good distribution 
is desirable, it has been found that completely homoge 
neous blending is undesirable. It is theorized that with 
too thorough mixing the ?occulant molecules are lost 
within the growing ?ocs and can no longer gather to 
gether suspended solid particles to form larger ?ocs. 
The degree of distribution of v?occulant molecules in 
the mixture will depend on the intensity and duration of 
mixing. For instance, the right degree of distribution is 
achieved by a degree of turbulence corresponding to 
Reynolds numbers from 3,000 20,000, preferably 
5,000 to 10,000, for about 1 second. In practice, this 
satisfactory distribution can be achieved by dosing the 
?occulant through a metering pump into the aerated 

20 juice or syrup ?owing with a linear velocity of from 0.3 

25 

a tank ?tted with an external closed loop which in- ’ 
cludes the aerator, and arranging the rates 'of ?ow so 
that the juice or syrup passes several times through the 
aeration loop during its residence time in the tank. 
The aerated juice or syrup is next dosed with an 

anionic acrylamide copolymer ?occulating agent hav 
ing a molecular weight of from 1 million to 10 million, 
preferably from 4 million to 8 million, containing from 
50 to 80 mole percent of acrylamide units and from 20 
to 50 mole percent of anionic units (i.e., acrylic acid 
and/or acrylate units). A suitable ?occulating agent is 
that available under the Trade Mark “TALODURA” 
from Tate & Lyle Limited. The ?occulating agent used 
in the process of the present invention differs from the 
preferred anionic acrylamide copolymer ?occulating 
agent used for the treatment of melter liquor in the 
process of our aforementioned application Ser. No. 
263,784, which contains only up to 20 mole percent of 
acrylic acid and/or acrylate units. From 1 to 40, prefer 
ably from 1 to 20 and most preferably 5 to 15, parts by 
weight of the ?occulating agent are used per million 
parts by weight of sugar in the juice or syrup. ' 
The manner in which the ?occulant is added to the 

aerated juice or syrup can signi?cantly affect the suc 
cess of the subsequent steps. Thus, the ?occulant 
should desirably be used in the form of a dilute aqueous 
solution, generally having a concentration of 0.025% to 
0.5% w/v, preferably 0.05% to 0.2% w/v, since a 
greater dilution of the polymer molecules allows better 
utilization of the full activity of the ?occulant. The 
?occulant solution should not be subjected to vigorous 
mechanical treatment, such as high speed agitation, 
which can rupture the polymer molecules; instead, an 
air stream can be used to dissolve the polymer. The 
?occulant solution should be “aged” for a few hours 
before use, to aid dissolution, but should not be kept 
longer than about one day otherwise hydrolysis and 
fragmentation of the polymer molecules can occur; 
generally, aging for 2 to 3 hours is satisfactory. 
The satisfactory distribution of the polymeric ?occu 

lant in the aerated juice or syrup is also important. On 

30 

35 

to 3 meters per second, preferably about 1.5 meters per 
second, in a pipe of appropriate bore; but the right 
degree of distribution can' also be obtained in other 
ways, such as by causing the juice or syrup to ?ow 
through a pipe containing one or two right-angle bends 
in it. 

An alternative method of achieving the right degree 
of distribution of the ?occulant in the juice or syrup 
involves pre-mixing the ?occulant solution with a small 
fraction, say 2—l0%, of the clari?ed juice or syrup 
being produced by the process of the invention. Be 
cause the clari?ed juice or syrup does not contain 
growing ?ocs, it can be subjected to more vigorous 
mixing than the untreated juice or syrup, for example 
using an in-line ?ow mixer. The pre-mix is then added 
to the untreated juice or syrup and distributed through 
it by gentle mixing. This procedure has the advantage 
that the ?occulant can be used at high dilutions without 
having to add large quantities of water to the process 

40 juice or syrup. 
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The mixture of the aerated juice or syrup and poly 
meric ?occulant is then retained for a period of time in 
a ?occulator vessel, under conditions of reduced linear 
velocity. In the ?occulator vessel, the eddy currents 
and shearing forces imposed on the juice or syrup dur 
ing its mixing withthe ?occulant are allowed to die 
down, but a gentle non-turbuient agitation is main 
tained so as to prevent the segregation of the secondary 
?ocs. This can be provided by a slowly rotating stirrer, 
for example, having a tip speed of from 0.3 to 1.5 me 
ters per second, or by causing the juice or syrup to ?ow 
through a series of perforated static baf?es. It has been 
found that the ?occulation is greatly improved by re 
taining the ?oc within the body of the juice or syrup for 
a short period of time under quiescent conditions, be 
fore allowing it to separate out. It is thought that this 
retention time is needed for the ?occulant molecules to 
become fully loaded with solid particles, and thus 
achieve the maximum degree of ?occulation. Reten' 
tion times of from 15 seconds to 5 minutes are gener 
ally satisfactory, and times from 30 seconds to 3 min~ 

‘ utes are preferred. 

65 

‘The mixture containing the secondary ?oc is then 
transferred from the ?occulator vessel to a separator 
vessel, in which the ?ocs are allowed to segregate from 
the juice or syrup. The mixture should be subjected to 
a minimum of shear and agitation during the transfer, 
to avoid redispersal of the ?ocs. In the separator vessel, 
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the ?ocs of solid material are allowed to separate out 
from the liquid, and the ?occulated solids and clari?ed 
juice or syrup are removed separately, The ?ocs ?oat 
to the top. and the clari?ed juice, or syrup is removed 
from the bottom. The separator vessel can be a conven-. 
tional clari?er of one of the many known designs, with 
a ?occulator vessel of suitable capacity connected in'its 
in?uent feed, so as to provide the desired residence 
time for the juice or syrup. However, the retention and 
separation steps are preferably performed in an appara 
tus which combines the ?occulator and separator ves 
sels as separate chambers within the body of a single 
clari?er. Such an apparatus is described and claimed in 
our US. Pat. No. 3,834,541, and comprises: a separa 
tor chamber; a ?occulator chamber centrally located 
within the separator chamber; a trough surrounding the 
top of the separator chamber; liquid inlet means lo 
cated at the bottom of the ?occulator. chamber; liquid 
agitating means located within the ?occulator cham 
ber; means allowing ?oc-containing liquid to ?ow with 
minimal agitation from the top of the ?occulator cham 
ber into the separator chamber; means for transferring 
?oating ?occulated solids from the top of the separator 
chamber to the trough; solids outlet means located at 
the bottom of the trough; and outlet means for clari?ed 
liquid located at the bottom of the separator chamber. 
The invention will be further described with refer 

ence to the accompanying drawing, which shows a ?ow 
diagram for a process in accordance with the invention. 
Referring to the drawing, evaporated juice or af?na 

tion syrup is fed from the pipe 1 into the mixing tank 2, 
which is provided with stirrer 3 driven by motor 4. In 
the mixing tank, the juice is dosed through the pipe 5 
with an aqueous solution of a soluble phosphate salt, 
which is supplied from holding tank 6 by means of the 
metering pump 7. 
Typically after a residence time of about 2 minutes, 

the juice or syrup containing the calcium phosphate 
primary ?oc. leaves the holding tank 2 and passes 
through the heat exchanger 8 wherein it is heated by 
means of steam to a temperature of 75°—85°C. (This 
step is not necessary if the evaporated juice or af?na 
tion syrup is already at this‘ temperature). The juice or 
syrup containing the primary ?oc is then aerated with 
agitation, by passing through the aerator 9 which is fed 
with compressed air from the line 10. Next, the aerated 
juice or syrup is dosed via pipe 11 with an aqueous 
solution of the anionic polymeric ?occulating agent, 
which is supplied from holding tank 12 by means of the 
metering pump 13, to initiate the formation of second 
ary ?ocs therein. The juice or syrup then ?ows through 
a section of pipe 14 having right-angled bends in it, so 
as to provide the correct degree of turbulence in the 
mixture for uniform distribution of the ?occulating 
agent. 
The resulting mixture ?ows from the pipe 14 into the 
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central ?occulator chamber 15 of a clari?er of the type ‘ 
described in our US. Pat. No. 3,834,541. As it rises in 
the ?occulator chamber 15, it is kept gently stirred by " 
?owing through the perforated static baf?es 16, allow 
ing the secondary ?ocs in it to grow. The top of the 
?occulator chamber is provided with anti-shear lip 18 

60 

and surrounding annular sleeve 19, which direct the ' 
mixture to flow with minimal agitation and shear into 
the body of the separator chamber 20. In the separator‘ - 
chamber, the ?ocs rise to the top of the, liquid as a 
scum, which is pushed into the annular trough 21 sura. 
rounding the top of the chamber by means of the slowly 

8 
rotating scumrake 22 driven by motor 17. [n opera 
tion, the level of the scum layer ?oating on top of the 
liquid in the separator chamber 20 is kept well above 
the lower end of the annular sleeve 19, so that the scum 
layer is not disturbed by the ?ow of liquid from the 
?occulator chamber into the separator chamber. 
The ?occulated solids are withdrawn from the bot 

tom of trough 21 via the solids outlet 23. The clari?ed 
juice or syrup is removed from the bottom of the sepa 

' rator'chamber via the multiple liquid outlets 24 which 
feed intothe pipe 25. In the case of clari?ed evapo 
rated juice, it is either passed to the raw sugar vacuum 
pans or returned to the evaporator, depending upon 
whether the feed 1 to the process was taken from the 
last stage or an intermediate stage of the evaporator 
train; whilst in the case of clari?ed af?nation syrup, it is 
passed to the pans in the recovery house of the re?nery. 
The invention is illustrated by the following Exam 

ples. 
EXAMPLE 1 

This Example illustrates the effect on the ef?ciency 
of secondary ?oc separation of using acrylamide/acry 
late copolymer ?occulating agents with different de 
grees of anionic character.’ 
The process described hereinbefore with reference to 

the accompanying drawing was used for the puri?ca 
tion of a cane sugar evaporated juice from a Venezue 
lan raw sugar factory. The juice, having a concentra 
tion of‘ 50° Brix and a temperature of 65°C, was dosed 
with a. 10% by weight aqueous solution of anhydrous 
trisodium orthophosphate at a level corresponding to 
400 ppm of P205 on the basis of sugar solids. After a 
retention time of about 2 minutes in the mixing tank, 
the treated juice was heated to about 80°C in the heat 
exchanger and then aerated by passage through a cen 
trifugal pump with an open impeller. The aerated juice 
was dosed with 10 ppm, on the basis of sugar solids, of 
an acrylamide/acrylate copolymer ?occulating agent 
having a molecular weight of about six million, used in 
the form of a 0.1% w/v aqueous solution. The time 
taken for ?ocs to appear in the juice after entering the 
clari?er was taken as a measure of the ef?ciency of the 

process. ' 

,The results obtained with ?occulating agents of 
15-60% anionic character are shown in Table 1. 

Table 1 

Time required for Flocs to 
Appear (seconds) 

Flocculant Type 
(Charge Density ‘7: Anionic) 

15 100 
20 3O 
'25 12 
30 6 
35 6 
40 6 
45 6 
50 12 
55 100 
60 » 100 

It will be'clearly seen from Table 1 that markedly 
superior results are obtained when using the ?occulat 
ing agents containing 20-50 mole percent of acrylate 
units, in accordance with the present invention, than 
when using the ?occulating agents having a composi 
tion outside these limits, shown here for comparative 

v purposes. 
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EXAMPLE 2 

This Example shows the effect of juice temperature 
on the speed of the secondary ?occulation. 
The procedure of Example 1 was repeated, except 

that the aerated juice was dosed in each run with 8 ppm 
by weight (on the basis of sugar solids) of the ?occulat 
ing agent having 40% anionic character, and the tem 
perature of the juice entering the clari?er was varied in 
each run. The results obtained are shown in Table 2. 

Table 2 

Juice Temp. (°C) Time required for Flocs to 
Appear (seconds) 

5 

10 
EXAMPLE 4 

This Example illustrates how the process of the in 
vention can be used in a raw sugar factory to improve 
the quality of “Plantation White” sugar produced 
there. 

In a cane sugar factory in Belize, “Plantation White” 
sugar was produced from evaporated juice by a con 
ventional process, comprising phosphatation of the 

10 juice and decolorization with sodium hydrosulphite (in 
order to reach an acceptable standard of purity) prior 
to boiling in vacuum pans. 
The conventional phosphatation process was re 

placed by the process of the invention, as described 
2; 1(7) hereinbefore with reference to the accompanying 
75 4 drawing. The evaporated juice, having a concentration 
85 3 of 60° Brix and a temperature of 80°C, was dosed with 

a 10% by weight aqueous solution of trisodium ortho 
_ _ _ phosphate, at a level corresponding to 497 ppm of 

It Wlil be seen that the time required for the second- 20 p205, by weight, on the basis of Sugar S0hd5_ After 
at)’ ?ees to fohh decreases ptegtesslvely as the temper- aeration, the juice was dosed with 20 ppm by weight, 
ature of the Jutee 1s raised; but temperatures of 90 C on the basis of sugar solids, of the same ?occulating 
and above should be avoided, because 0f thermal deg- agent as used in Example 2. The mixture of juice and 
radatloh of sucrose, leadlhg to less of pteduet- secondary ?oc was retained in the flocculator chamber 

25 f the clari?er for 2 minutes 
EXAMPLE 3 ° ' . . . 

_ _ Table 4 shows the consumption of chemicals in the 
Thls Example illustrates the effect of the Phosphate old and new processes, and compares the quality of 

{dosage level Oh the turbldlty ef the heated .llhee’ Whleh sugar produced by the two processes. The turbidity and 
1s a measure of Its lhsohlhle hhphhtles eohteht- colour were measured in terms of optical density at 420 
The Procedure of Example 1 was repeated’ exeept 30 nm, in milliabsorbency units; and the ash content was 

that the phosphate dosage level was Varled, the llhee measured conductimetrically, and is expressed in per 
WaS heated to 75 C, and In each run the aerated lulee cent by weight. The results clearly demonstrate that the 
was dosed Wlth 10 Ppm hy Weight (on the basls of sugar replacement of the conventional phosphatation process 
SOhdS) 0f the ?eeeulatlhg agent having 49% ahlehle by the process of the invention. gives a markedly supe 
character. The results obtained are shown in Table 3, 35 rior product, at the Same time as permitting the use of 
the tutbldlt)’ of the treated Jlhee bethg measured In lower levels of phosphate and hydrosulphite. 

Table 4 

Quality of “Plantation White" 
Process Consumption of chemicals Produced 

(ppm by weight on sugar Turbidity Colour Ash 
solids) (m.a.u.) (m.a.u.) (7c) 

Conventional Phosphoric acid 1640 
phosphatation (calculated as 

P205, 1081 399 0.071 
Sodium 4080 
Hydrosulphite 

Process of Trisodium 497 
invention phosphate 

(calculated as 
P205) 
Sodium 2680 268 269 0.046 
Hydrosulphite 
Flocculant 20 

terms of optical density at 420 nm, in milliabsorbency EXAMPLE 5 
units. 

Table 3 

Phosphate dosage Turbidity (m.a.u.) 
(ppm P205) 

200 85 
400 35 
600 30 
800 30 

As will be evident from Table 3, a substantial im 
provement in turbidity is achieved in raising the phos 
phate dosage level from 200 to 400 ppm. of P205, but 
very little additional improvement is achieved by rais 
ing it above 400 ppm. 

55 

60 

65 

This Example illustrates the puri?cation of af?nation 
syrup by the process of the invention. 
The process as described hereinbefore with reference 

to the drawing was used for the puri?cation of af?na 
tion syrup from the Thames re?nery of Tate & Lyle 
Limited, England. The syrup, having a concentration of 
60° Brix and a temperature of 80°C, was dosed with a 
10% by weight aqueous solution of anhydrous triso 
dium orthophosphate, at a level corresponding to 500 
ppm by weight of P205 on the basis of sugar solids. The 
syrup containing calcium phosphate primary floc was 
aerated, then dosed with 20 ppm by weight, on the 
basis of sugar solids, of the same ?occulating agent as 
used in Example 2. The syrup was then passed to the 
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clari?er, the retention time in the ?occulator chamber 
being 2 minutes. ‘ ' 

The turbidity and colour of the syrup were measured 
before and after treatment, and the results are shown in 
Table 5, expressed in milliabsorbency units. It will be 
seen that the process of the invention gives a very 
marked reduction in turbidity, as well as a signi?cant 
reduction in colour. 

_ Table 5 

Reduction Reduction 
Treatment Turbidity in Tur- Colour in 

(m.a.u.) bidity (‘72) (m.a.u.) Colour (7:) 

None 15.320 — 26,940 — 

Process of 4,220 72 24,300 10 
invention 12,150 

EXAMPLE 6 

This Example illustrates the puri?cation of evapo 
rated juice by the process of the invention, in order to 
obtain a raw sugar product of superior quality. The 
parameter used for measuring the quality of the raw 
sugar in this Example is that of “?lterability.” This is 
measured by ?ltering a solution of the raw sugar under 
controlled conditions, as speci?ed in the “CSR Filter 
ability Test", as described at page 271 of the Proceed 
ings of the lntemational Society of Sugar Cane Tech 
riologists, Ninth Congress, 1956. Under the test condi 
tions, a solution of granulated re?ned sugar would give 
a ?lterability value of 100%. Filterability is widely 
recognised by sugar re?ners as a measure of the quality 
of raw sugar. 
The process of the invention, as described hereinbe 

fore with reference to the drawing, was used for the 
puri?cation of a cane sugar evaporated juice from a 
South African raw sugar factory. The juice, having a 
concentration of 60° Brix and a temperature of 80°C, 
was dosed with a 10% by weight aqueous solution of 
anhydrous trisodium orthophosphate, at a level corre 
sponding to 300 ppm by weight of P205 on the basis of 
sugar solids. The juice containing calcium phosphate 
primary ?oc was aerated and then dosed with 10 ppm 
by weight, on the basis of sugar solids, of the same 
?occulating agent as used in Example 2. The retention 
time in the ?occulator chamber of the clari?er was 2 
minutes. 
Before installation of the process of the invention, 

the raw sugar produced in the factory had a ?lterability 
value of 45%. The average ?lterability value of the raw 
sugar produced over a period of 4 weeks, using the 
process of the invention for the purification of the 
evaporated juice, was 71%. This clearly demonstrates 
the substantial improvement in raw sugar quality ob 
tained by using the process of the invention. 
We claim: 
1. In a process for removing suspended solid impuri 

ties from a calcium-containing sugar liquor selected 
from the group consisting of cane sugar evaporated 
juice and cane sugar affination syrup, which comprises: 
forming therein an insoluble calcium phosphate pri 

20 

25 

35 

45 

50 
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mary ?oc containing said suspended impurities; aerat 
ing the liquor containing the primary ?oc, with agita 
tion; distributing uniformly throughout the aerated 
liquor from 1 to 40 parts by weight of anionic ?occulat 
ing agent per million parts by weight of sugar in the 
liquor, to initiate the formation of a secondary ?oc 
therein, retaining the resulting mixture for from 15 
seconds to 5 minutes in a ?occulator vessel with non 
turbulent agitation preventing the segregation of the 
secondary ?oc from the liquor and allowing the sec 
ondary ?oc to grow; transferring the liquor containing 
the secondary ?oc with minimal agitation and shear 
from the ?occulator vessel to a separator vessel; allow 
ing the secondary ?oc to segregate by ?otation from 
the liquor in the separator vessel; and separately re 
moving clari?ed liquor and flocculated solids from the 
separator vessel; the improvement which comprises 
forming said insoluble calcium phosphate primary ?oc 
by adding a soluble phosphate salt to said sugar liquor 
and employing as said anionic ?occulating agent a 
polymer with a molecular weight of from one million to 
ten million containing from 50 to 80 mole percent of 
acrylamide units and from 50 to 20 mole percent of 
anionic units selected from the group consisting of 
acrylic acid and acrylate units. ' i 

2. A process according to claim 1, wherein said solu 
ble phosphate salt is a sodium orthophosphate. 

3. A process according to claim 1, wherein said solu 
ble phosphate salt is added in an amount corresponding 
to from 100 to 600 parts by weight of P205 per million 
parts by weight of sugar in said liquor. 

4. A process according to claim 3, wherein said solu 
ble phosphate salt is added in an amount corresponding 
to from 200 to 400 parts by weight P205 per million 
parts by weight of sugar in said liquor. 

5. A process according to claim 1, wherein said ?oc 
culating agent has a molecular weight of from four 
million to eight million. 

6. A process according to claim 1, wherein from 1 to‘ 
20 parts by weight of said flocculating agent are used 
per million parts by weight of sugar in said liquor. 

' 7. A process according to claim 1, wherein said mix 
ture is retained in said flocculator vessel for a period of 
from 30 seconds to 3 minutes. 

8. A process according to claim 1 wherein said ?oc 
culating agent is an acrylamide/acrylate copolymer' 
having a molecular weight of about six million. ' v 

9. A process according to claim 8 wherein said ?oc 
culating agent has 40% anionic units. " 

10. A process according to claim 1 wherein said 
soluble phosphate salt is a sodium orthophosphate and 
is added in an amount corresponding to from 200-400 
parts by weight of P205 per million parts by weight of 
sugar in said liquor, wherein said flocculating agent has 
a molecular weight of from four million to eight million 
and is employed in an amount from 1-20 parts by 
weight per million parts by weight of sugar in said li-_ 
quor, and wherein said mixture is retained in said floc 
culator vessel for a period of from 30 seconds to 3 
minutes. 

>1= * * >1< * 


