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(71)  We, FIVES-CAIL BABCOCK, a French
Body Corporate, of 7, Rue Montalivet, 75383
Paris Cedex 08, France, do hereby declare the
invention for which we pray that a Patent may
be granted to us and the method by which it is
to be performed to be particularly described in
and by the following statement:—

This invention relates to a method and in-
stallation for treating a suspension of crystals
in a solution of the crystallizable product.

This invention also relates to-a method and
installation for the production of crystalliza-
tion nuclei, which can be used in non-contin-
uous or continuous crystallization apparatus.

A crystallization apparatus intended to emp-
loy the mother liquor efficiently and to pro-
duce crystals of a specific size, should initially
be supplied with crystallization nuclei in suit-
able numbers for ensuring the carrying out of

. these conditions, When the apparatus operates

with continuous production, the number of
nuclei introduced should be proprotional to-the
output of the apparatus.

This first crystallization phase with intro-
duction of nuclei and the beginning of their
enlargement is difficult to carry out in view of
the very small size of the nuclei introduced and
the risk of considerable variations in the initial
population of crystals by local re-melting of
fines (crystals of very small size) or by agglo-
merations.

" This risk is particularly felt in a last sugar-
making crystallization strike in view of the low
purity of the syrups which are treated, their

_high viscosity, and the corresponding low speed

of crystallization.

Frequently, in non-corntinuous crystalliza-
tion, this difficulty is reduced by carrying out
the operation in two stages:

In a first stage, starting from crystallization

“nuclei, crystals are obtained of a sufficient size

to ensure that they retain their identity in the
following operations (in the order of 100 to
180 ). For this stage there is used a syrup of
higher purity (for example first strike or re-
fining syrup instead of second strike syrup for
a 3-strike layout) and the operation is carried
out by starting with an excess quantity of
nuclei and producing deliberate partial remeit-

ing during the cycle to return in a rather em-

.of fines in the second stage of crystallization.

pirical way to the intended population of cry-
stals; this method of operation does not ob-

viate the existence, sometimes, of insufficient
crystal populations, resulting in the formation

55

In a second stage, the massecuite obtained
from the preceding stage known as the footings,
is used as nuclei for the remainder of the cry-
stallization operation, the crystallizer being
supplied by the normal syrup which is to be
employed. (in the preceding case, the second
strike syrup). » :

This procedure has the disadvantage of re-
quiring the introduction at the level of the last
crystallization strike of a relatively pure syrup
(to constitute the footings) and hence there is
less good utilisation of the suspension issuing
from the crystallization room, other things
being equal. Furthermore, such a method is
difficult to reproduce in a reliable: manner i
an entirely continuous process, bearing in mind
the difficulties referred to hereinbefore of
controlling the first stage of the crystallization
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-(enlarging the nuclei to 100 to 180 u).

It is well known that in order to obtain op-- 75
timum exhausting of the suspension it is neces-
sary to have a high population of crystals, to
increase the crystallization surface and reduce
the average distance between crystals; on the:
other hand the smaller crystals have to be suf--
ficiently large so as not to run the risk of re-
melting in the treatment cycle, and so as to
limit the grain size and dispersion of the crystals
.obtained. These two requirements control the
lower and upper limits of the grain size range of
the crystals produced according to the inven-
tion.

According to one aspect of the present in-
vention there is provided a method of treating
a suspension of crystals in a solution of crystal-
lizable product which method comprises sub-
jecting a suspension in a portion of a solution
of the crystallizable product of crystals pro-
duced in a crystallization apparatus to a cen-
trifugal separation during the course of which
crystals whose size is larger than a predetermin-
ed maximum dimension are separated from the
suspension and from smaller crystals, the cry-
stals separated from the suspension being broken:
up and then recycled into the said suspension
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2 1582 599 2

before it is subjected to the separation.

The method according to the present inven-
tion generally uses the breaking up and screen-
ing of crystals by a wet process after they have
been put in suspension in a saturated solution

‘to form a magma.

Very preferably, the suspension is subjected
to a second centrifugal separation during which
crystals, whose size is smaller than a predeter-
mined minimum dimension, are removed to-
gether with a liquid phase of the suspension and
the crystals which are separated from the suspen-
sion during the second separation are used as
crystallization nuclei for a crystallization ap-
paratus. The first separation is carried out in a-
first separator generally by passing the magma
over a screen with large openings. The liquid
phase which carries along the crystals of smaller
size is directed to a second separator which
effects the second separation with a screen with
smaller openings. The-oversize of the first
separator is subjected to breaking up and is then
recycled. The oversize of the second separator
constituted by selected crystals is put into sus-
pension again in a saturated solution to be used
as crystallization nuclei. The liquid residue of
this separator containing fines is put in a state
of sub-saturation by addition of water and re-
heating and is then recycled.

The breaking up of the larger crystals is
effected selectively, The crystals are in face
slowed down during their travel by friction in
the air. This slowing-down is more considerable
in proportion as the specific surface area of the
crystals is larger, and therefore in proportion as
its size is smaller. From a given initial speed and
a selected travel distance it is possible to gather
the small crystals without breaking them,
whilst the large crystals retain a speed of impact
capable of causing from to break up.

The preparation of the magma which is to be
subjected to two separating stages and of the
seeding magma is carried out in mixers which
are advantageously provided with systems for
regulating the crystals content of the magma
and level regulating devices.

The following description refers to the acc-
ompanying drawings which illustrate exemplary
embodiments of the invention and wherein:

Figure 1 shows a diagram of an installation
for carrying out the method proposed by the
invention used with continuously operating cry-
stallizer;

Figure 2 shows a diagrammatic view of an-
other installation for carrying out the method
according to the invention when applied to a
crystallizer with non-continuous operation;

Figure 3 shows a section through a separator
used in the installation shown in Figures 1 and
2; and

Figure 4 shows a section through another
separator used in the installation shown in
Figures 1 and 2.

The diagram shown in Figure 1 shows the
principle of continuous crystallization of a

third strike in sugar making with continuous
addition of selection crystallization nuclei. It
will be understood that the details of the dia-
gram used for the understanding of the method,
are not intended to have any limiting character, 70
likewise the nature of the product treated or the
type of apparatus described in the present
specification. To mark the general character of
the method, the sugar making terms are indi-
cated in brackets in the following description.

The diagram of Figure 1 shows a continuous
crystallization apparatus 31 (third strike con-
tinuous boiling) supplied at 32 by the solution
which is to be treated (second strike low purity
molasses) and at 33 by a suspension of crystal-
lization nuclei (magma 3). In the apparatus 31,
the solution is kept in supersaturation by eva-
poration under a vacuum, which results in the
deposit of the crystallizable material, the latter
assembling on the crystallization nuclei which
become larger and larger. The suspension of
crystals (third strike massecuite) is extracted at
34. The crystallization is continued by cooling
in a mixer 35. Separation is carried out in a
continuous centrifugal separator 36 which
gives on the one hand a liquid phase 37 (mol-
asses) and also crystals 38 (third strike sugar).
These crystals fall into a paste-forming mixer
39 in to which there is poured at 40 a solution
which is or the same purity as that introduced
at 33 into the crystallizer (second strike low
purity molasses) to from a suspension (magma
2). This suspension is either removed at 41 to
obtain refined crystals or used to obtain crystal-
lization nuclei at a higher stage of purity (se-
cond strike continuous boiling). A portion of
the suspension is taken off by a volumetric
pump 42 to be directed towards a paste-
forming mixer 43, and to be mixed therein with
a solution introduced at 44, of the same kind
as that used in the previously mentioned mixer
39, and the crushed products 45 issuing from a
continuous centrifugal separator 46, which will
be described hereinafter with reference to Figure
3. This separator is designed in order to carry
out the shock breaking up of the crystals which
are too large to pass through the openings of
the separator screen.

In the case of sugar making installations
where remelting of the third strike is carried
out directly (in the particular case of beet sugar
making) there will be introduced directly into
the paste-forming mixer 43 a controlled flow of
sugar crystals issuing from the separator 36,
before remelting.

The suspension obtained in the mixer 43 is
taken up by a volumetric pump 47, to be direc-
ted towards the separator 46. The crystals
passing through the openings of the screens of
this separator are removed at 48 with the liquid 125
phase and brought to a second continuous cen-
trifugal drier 49 shown in Figure 4. The crystals
whose sizes are larger than those of the openings
of the screen of the separator 49, are removed
at 50. These are crystals whose sizes are width
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the fixed range They. fall mto a paste formlng
mixer 51 which receives at 52 a solution of. the

- same purity (second strike syrup) as that which
" is to be exhausted by crystalhzatron ‘The magma
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" continuous crystallizaion apparatus 31 (thlrd

thus constituted (magma 3) is taken up by’a’
volumetric pump 53 to-be injected into the’

strike boiling). The crystals of smaller sizes
than the openings of the screen of the separa-

‘tor 49 contained in the separated suspension

54 are remelted by injecting a small proportion

of water at 55 and reheating at 56, bringing the
suspension to subsaturation; the solutlon ob-’
tained is recycled into the mixer 39.

In the industrial realisation of this layout the
operation of the installation can be facilitated by
autoinatic reégulation. By ‘way of non-limitive
example we shall describe hereinafter the best
method of regulation which would be suitable
for thisuse,

The content of crystalhzatron nuclei of the
magma in the mixer 51 is measured by a conduc-
tivity meter 61. The measurement is transmitted
to a regulating device 62 which actuates a valve
63 situated on the conduit 52 so as to keep this

-content.equal to a fixed reference value.

By manual control 64 acting on the speed

- change gear 65 the flow of suspension of nuclei

30

35

40

(magma 3) taken from the mixer 51 is regulated
s0 as to obtain in the crystallizer the population
of crystals corresponding to the rate of opera-
tion imposed. A level measurement 66 acting on
the regulating device 67 controls a change speed
gear 68 which adjusts the delivery of the pump
42 taking the suspension of crystals (magma 2)
from the mixer 39. A measurement of conduct-
ivity 69 acting on the regulating device 70
regulates the throughflow of a valve 71 placed
in the conduit 44 so as to keep the content of
crystals of the magma in the mixer 43 constant.
Figure 2 shows an installation similar to the

+ ‘preceding installation for a crystallization
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apparatus with non-continuous.operation 31'.
In thrs case the flow taken off by the pump
42' is adjusted by the speed change gear 68
controlled from a distance by a switch 64’ so
as to-constitute a reserve of nuclei sus'pensron
(magma 3). The level of the mixer'51" is in-
dicated at a reading device 66. The pump 5 3'
is started up each time it is necessary ‘to take
off magma.

The separator 46 shown in Figuré 3 com-
prises a conical basket 1 rotating at a high speed,
and in this basket the suspension of product of
be separated arrives by way of the supply tube
2. The liquid phase passes through the screen 3
the size of whose openings is selected to allow -
passage the upper cut of the selected crystals
which are thus carried along with the liquid. .
This product circulates on the wall of the bas-
ket and is then ejected through the orifices 4
arranged at the periphery of the basket. It i is
collected in a circular container 5 and is dis- -
charged through an outlet pipe 6. The solid

Pphase is ejected substantially at the tangeptial_

. ,speed of the basket above the strap 7,to be

projected.on to 2 metal sleeve 8, A number of
_sleeves of different diameters are provided in
order to make it possible to select a travel
length in accordance with the products which
are to dealt with, the sleeve 9 shown in broken

- lines being the sleeve of larger diameter. The

. peripheral speed of the basket and the travel

" length are selected so that the largest crystals
. which are projected arrive at the sleeve with

such a speed that they break up by shock effect
and the small crystals which are slowed down

. to-a greater extent by friction in the air do not

break up or are subjected only to partial ero-
sion. The products even energetically centri-
fuged, are sticky in the pulverised state; in
order to prevent accumulation of products
which would modify the crystal break-up
conditions, the sleeve is cleaned by rotating
scrapers 10

The number and the rotational speed of
these scrapers are such that the shock condi-
tions are somewhat variable. It would be quite
possible and in accordance with the present in-
vention to receive the product on a rotating
sleeve acted upon by fixed scrapers. The crush-
ed products fall into the annular chamber 11
to be discharged by way of the orifice 12. The
scrapers are mounted on supports 13 fixed in

_an operating position on the plate 14 which

drives them in rotational movement. The
driving shaft 15 of this plate is hollow in order
to allow the passage of the supply tube; it is
guided in rotational movement by a bearing 16
integral with the cover of the separator, and
driven in rotational movement by a transmis-
sion 17 and a geared motor unit 18.

The separator 49 shown in Figure 4 is of
conventional construction and will not be
described in detail. It receives the separated
liquid from the separator 46 which contained
crystals whose dimensions are smatler than
those of the openings of the screen of the
latter apparatus. The screen 18 of the separator
49 has smaller openings. The crystals whose
sizes are smaller than those of these openings
are removed with the liquid phase by way of
the pipe 20. The larger crystals, which are
selected to constitute the crystallization, are
collected in the tank 21 and discharged by way
of the orifice 22.

By way of example, in the case of a third
strike in sugar making it is possible to fix
lower and upper dimensional limits of the cry-
stallization nuclei at 0.050mm and 0.125mm
respectively the drier 46 will have a screen
with apertures of 0,130mm and the drier 49
a screen with apertures of 0.060mm. If a volu-

_metric enlargement of 15 to 16 is allowed in

“the crystallization apparatus, the crystals of

_ the massecuite produced will have dimensions
" of between 0.125 and 0.315mm and a mean

width of 0.220mm. - .

”WHATWE CLAIM IS: —

1 A method of treatmg a suspension of
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crystals in a solution of the crystallizable pro-
duct which method comprises subjecting a
suspension in a portion of a solution of the cry-
stallizablé product of crystals produced in a
crystallization apparatus to a centrifugal se-
paration during the course of which crystals
whose size is larger than a predetermined maxi-
mum dimension are separated from the suspen-
sion and from smaller crystals, the crystals
separated from the suspension being broken up
and then recycled into the said suspension
before it is subjected to the separation.

- 2. A method according to claim 1, wherein
said suspension is subjected to a second centri-
fugal separation during which crystals whose
size is smaller than a predetermined minimum
dimension are removed together with the liquid
phase of the suspension and the crystals which
are separated from the suspension during the
second separation are used as crystallization
nuclei for the seeding of a solution of a crystal-
lizable product in a crystallization apparatus.

3. A method according to claim 2, wherein
the crystals contained in the said suspension
after the second separation are dissolved
therein by heating and/or dilution and the solu-
tion obtained is recycled and used to form the
said suspension.

4. A method according to claim 2 or 3,
wherein the crystals which are separated from
the suspension during the second separation are
mixed with another portion of the said solu-
tion to form a seeding magma for introduction
into a crystallization apparatus in a measured
quantity.

5. A method according to claim 2 or 3,
wherein the percentage of crystals in the said
suspension is kept constant, the production of
crystallization nuclei being effected continuous-
ly for supply to a continuously running crystal-
lization apparatus. ‘

6. A method according to claim 2 or 3,
wherein the production of crystallization nuclei
in the form of a seeding magma is effected con-
tinuously and the seeding magma is temporarily
stored in a mixer for subsequent supply to a
discontinuously running crystallization appara-
tus.

7. A method of treating a suspension of
crystals in a mother liquor, as claimed in claim
1 and substantially as hereinbefore described.

8. A method of producing crystallization
nuclei for the seeding of a solution of a solution
of a crystallizable product in a crystallization
apparatus, substantially as hereinbefore de-
scribed with reference to Figure 1 or Figure 2
of the accompanying drawings.

9. An installation for treatirg a suspension
of crystallizable product, which comprises sus-
pension forming means for forming in a portion
of a solution of crystallizable product a suspen-
sion of crystals produced in a crystallization ap-
paratus, and a centrifugal separator adapted to
separate from said suspension formed by said
suspension-forming means crystals larger than a

predetermined maximum size, said centrifugal
separator comprising a rotary basket arranged
to receive therein said suspension and equipped
with a screen through the openings of whiéh
the liquid phase of the suspension can pass to-
gether with crystals whose diameters are smaller
than said predetermined maximum size, a metal
sleeve concentric with the basket and surround-
ing an outlet end thereof so that crystals which
are larger than said predetermined maximum
size are ejected at the outlet end of the basket
and are projected onto this sleeve by the centri-
fugal force and broken up by the shock effect,
and scrapers for cleaning the surface of the
sleeve exposed to the impact of the crystals,
recycling means being provided for recycling
the broken up crystals to said suspension form-
ing means.

10. An installation according to claim 9,
wherein the said separator is designed to receive
sleeves of different diameters.

11. An installation according to claim 9 or
10, wherein the scrapers of the said separator
are mounted on rotary arms the axis of rotation
of which is identical with that of the basket.

12. An installation according to claim 9, 10
or 11, which also comprises a mixer for forming
therein the suspension of crystals and for sup-
plying the suspension to the said centrifugal se-
parator, the outlet for the crystals of the said
separator being connected to an inlet of the
mixer.

13. An installation according to claim 12,
further comprising a second centrifugal separa-
tor for receiving the suspension of crystals
which has been filtered through the screen of
the first separator, the openings of the screen of
the second separator being smaller than those
of the screen of the first separator, and a
second mixer for receiving the crystals separa-
ted from the suspension in this second drier and
for forming therein a seeding magma, the outlet
of this second mixer being connected to a
variable-delivery pump for supplying the seed-
ing magma to a crystallization apparatus.

14, An installation according to claim 12 or
13, characterised in that each mixer comprises
an element for measuring the crystals content
of the product contained in the mixer and a
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‘regulating device for controlling a valve situated 115

in a pipe for supplying the mixer with solution
in accordance with the indications received
from the measuring element in order to keep

“the content of crystals in the product equal to a.
‘reference value.

120

15. An installation according to claim 12,
wherein the second mixer comprises a level re-
gulating device for controlling the supplying of
the first mixer. o

16. An installation for treating a suspension 125
of crystals in a solution of the crystallizable pro-
duct, as claimed in claim 9, and substantially as
hereinbefore described.

17. An installation for producing crystalliza-

tion nuclei substantially as hereinbefore de- 130
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scribed with reference to Figure 1 or Figure 2 21. Crystals according to claim 20 and com-
or as modified by reference to Figure 3 and/or ~ posed of sugar.
Figure 4 of the accompanying drawings. 15

18. A crystallization apparatus incorporating
s an installation as claimed in any of claims 9 to

17.
19. A crystallization apparatus substantially STANLEY, POPPLEWELL,
as hereinbefore described with reference to FRANCIS & ROSS 20
Figure 1 or Figure 2 of the accompanying draw- Chartered Patent Agents
10 ings. 1 Dyers’ Buildings
20. Crystals when obtained from a crystalliza- Holborn
tion apparatus as claimed in claim 17 or 18. London ECI

Printed for Her Majesty’s Stationery Office by MULTIPLEX medway ltd., Maidstone, Kent, ME14 1JS. 1980, Published at
the Patent Oftice, 25 Southampton Buildings, London WC2 1AY, from which copies may be obtained.
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