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OIL MODIFICATION

The dry fractionation processes fdr the fractionation of
fats disclosed in the prior art are all based on the use of
a system comprising a heat exchanger for the starting oil,
a crystalliser for the oil obtained after the heat exchange
and a filter press wherein crystals are separated from the
liquid components. '

Because of the conditions applied during these known dry
fractionation processes the products contain large amounts
of kinetically unstable crystals. Moreover those known
processes require high levels of undercooling, which make
the processes difficult to control. As a result of above
the products are not optimal for filtering, which results
in poor yields and poor separation efficiency. -

It would be very beneficial if a dry fractionation could be
found, that does not have above drawbacks.

We have conducted a study in order to find out whether such
a process could be developed. This study resulted in an

_economically feasible (semi-)continuous dry fractionation

process for the crystallisation of polymorphic fat _
molecules. Therefore, our invention concerns a process for
the crystallisation of polymorphic fat molecules in a
pseudo-steady state process, wherein the crystallisation is
pérformed in a dry fractionation system in such a way that
the crystal form of the product is a kinetically-stable
crystal form, while during the crystallisation a o-value is
maintained below 0.5, preferably below 0.3, more preferably

-bgtween 0.001 and 0.2, during a period of at least 12 hrs,

wherein :
o =1 - S._
. Sy

S. being : percentage of solids in crystalliser at

crystallisation temperature;
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'S being : percentage of solids after stabilisation for 48

hours at exit'temperatufe of the crystalliser;f

So in order to measure Sg a sample is taken from the

crystalliser at time lS 0 hrs and kept for 48 hrs at final
crystalliser temperature without stirring. At time t=48

hours the percentage of sollds in the sample is measured by
NMR—pulse.

For the measurement of S; the sollds are measured in the
crystalllser_lmmedlately before_materlal is taken out for ' .
pressing. |

- Time t= 0 hrs is taken as the p01nt in time where for the ‘

first time material is taken from the crystalllser for
pressing. o _ .

If S. and S;; are very close it can be, that the values
obtained (due to experimental inaeeuracy) are such,'that Sg

< S, so that o is negative.

o=1-5_
Sg

Above process according to our invention is ¢conducted in
such a way, that the system is always close to its
equilibrium, therefore_high_levels of the more kinetically
stable crystal_fefm are obtained. The process is best .
achieved by performing a very slow stirring dﬁring the -
crystallisation'step. Consequently the crystals are easier
to filter and an'optimal production in high yields and high
separation efficiency can be achieved.

Kinetically stable crystal form being defined as any
crystalform that at the process-conditions at steady-state
does not change substantially during the process and thus

‘may include the thermodynamically stable crystalform.

Another advantage is obtained by applying our novel process
on polymorphic fats. The fats obtained according to our
novel process do contain more of the:stable B-crystals,
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than the products ®f the conventional Précesses (which
contain far more B'-crystals). Polymorphic fats being

defined as fats, that can crystallise in different crystal-

forms.

The above-mentioned process can be run as a pseudo-steady
state process for more than 24 hours, preferably for more
than 48 hours, while even a period of more than 60 hours
can be achieved. -

For the above~mentioned process to be carried out, a
minimum residence time (7) of the fat in the c;ystalliser

.should be maintained. Suitable residence times are 7 of

more than 1 hour, preferably more than 4 hours and more
preferably more than 12 hours, residence time (7r) being

defined as :

"7 = Volume of crystalliser
Average flow rate

Average flow rate being defined as: total volume of
material taken from the crystalliser during one experiment
divided by the total time of the experiment (starting from
t=0)

For the above-mentioned o-values to be achieved, it is
suitable to apply a crystalliser whose volume represents
more than 2 times, preferably more than 3 times, more
preferably more than 5 times the filling (volume) of the
separator'applied. Very suitably, crystallisers are applied
having a volume of more than 10 m, preferably more than 30
m’, more preferably more than 60 m’. '

Using the above-mentioned volumes for crystalliser and
separator (= filter press) causes (considering the duration

- of the process) only a limited volume of pre-crystallised

oil to be conveyed from the crystalliser to the filter
press. This increases the available time for residence of
the oil in the crystalliser, thus making it possible, to
come very close to the equilibrium¥conditions.
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Because of the above-mentioned condition, the fat separated
as product will be in a kinetically-stable crystal form.
This means that, when a polymorphic fat of the SOS-type
triglycerides is applied, in this fat more than 25%, _
preferably more than 45%, more preferably more than 60% of
the solid fat, can be present in the B-polymorphic crystal
form.

Examples of fats that can be suitably applied are fats
selected from the group consisting of palm oil, palm oil
olein, shea, high-oleic sunflower_oil, palm oil stearin,.
high stearic bean oil, hardened vegetable fat, enzymically
interesterified fats, chemically interesterified fats or
mixtures thereof. '

A main advantage of the process according to the invention
is that it can be controlled by selecting and adjusting the
flow rate, shear rate and température only.

Typical conditions that can be applied for the dry
fractionation of palm oil olein are, e.g. :

temperature of starting oil : 50°C

temperature of oil after heat exchange : < 20°C
temperature of oil at the end of:crystalliser-: < 15°C
temperature of oil in the filter press < 15 °C

flow rate in heat exchanger 6 m’/hr |
flow rate in at least one of the crystallisers 3 m’/hr

volume of crystalliser 54 m’
- volume of filter press 4 m* (filling volume: 5-7 m’)
So : r = 18 hours ' '
S. applied : 20-30%
25-35 %

Sg applied

So : 0 = remains between 0.14 and 0.2%

{
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Using the above-méntioned conditions, a standard palm oil
olein can be split into a top fraction (yield 50 %) and
into a bottom fraction (yield 50 %).

' Such a process can be run for 60-70 hours without giving
rise to problems of encrustration, slurry stability,
polymorphic form or viscosity.
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A dry-fractionated palm oil olein was used as starting
material. This oil had an I.V.= 55.9; a solid fat content

(NMR-pulse) at 20°C of 5.0 and contained 35.9 wt.% of SO0S-

triglycerides.

acid).

(S=saturated C,; + Cj~fatty acids:

=0leic

The oil was fractionated by bringing into a crystalliser
with a volume of 10 1., which was stirred slowly (10 rpm).

The oil was cooled, using the following regime:

1 hr
from
1 hr
from
from
from
from

at
50
at
31
29
25
14

50°C
to 31°C in 9 hrs
31°C

to 29°C in 2 hrs
to 25°C in 40 hrs
to 14°C in 11 hrs
to 13.5°C in S5 hrs

Thfee pressings were performed. The amounts of materials

removed per pressing are shown in table I. After each

removal the same amount of starting material was added to

the crystalliser as liquid, at 13.5°C.

Pressing conditions were: :
0-24 bar in 2 hrs (linear increase), followed by 1 hr
at 24 bar. Presssing temperature in all experiments
was the temperature in the crystalliser at the point
in time when material was taken for pressing. '

)
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Table I
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Time (h) 0 : 21.5 45,5
Sc % 23.3 22.2°° 25.7
| s; % { 29.0 29.0 29.0
o 0.20 0.23 0.11
weight of
slurry : - : :
removed per 455 457 452 (
pressing
(9)
T (over 3 _ | 300
pressings) h :
e e —
Sep. Eff. in 49.6 51.1 50.3
press % _ : _ S
Yield of - |47.5 53.4 | 54.2
stearin %
Quality of
olein _ _
v 1 64.2 66.4 67.6
NO 8.6 S 5.4 3.6
Quality of
stearin
SOSs | 52.0 50.9 52.0
(40h/20°C)
N20 47.6 : 47.1 49.3
W ]

Both olein and stearin are of'gdod quality.'

Example 2

The stearin, obtained in example I was subjected to a dry
factionation. The following conditions were applied:

volume crystalliser: 10 1
stirrer at 10 r.p.m.

cooling program:

1 hr at 70°C

cooling from 70 to 30°C in 4 hrs.

SUBSTITUTE SHEET (RULE 26)
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cooling from 30 to 27.2°C in 4 hrs.

8 hrs.

at 27.2°C

cooling from 27.2 to 26. 2°C 1n 33 hrs.
Four pre551ngs were performed The amounts of materials
removed ‘and added per pressing are mentioned in table 2.

The materials added had a temperature of 26.2°C.
Pressing conditions:

0-24 bar in 2

hrs.

1 hr at 24 bar

PCT/EP95/03035

Press temperature in all experiments was the same as the.
temperature in the crystalllser at the point in tlme when
material was taken for pres51ng.

Timé(h)

Sc %

}sg%
o

weight of
slurry
removed
‘per
pressing
g :

358

388

368

346

T( over 4
pressings)
h

Sep. Eff.
in press %

Yield of
stearin

58.1

54.1

53.3

54.0

Quality of
stearin
SO0sS %
(40nh/26°)N
20

72.0
72.8

73.4
74.9

72.6
75.0

71.8
73.5

Quality of
olein

S00

16.3

SUBSTITUTE SHEET (RULE 26)
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Both stearin and olein are of good quality.

Example 3 _ _
Example 2 was repeated. However, the o~value was adjusted

to 0 = 0.73 by adding a sufficient amount of the fresh
stearin having a temperature of 26.2°C. This was done by
adding 1081 g of the fresh liquid stearin to 512 g of the
oil # 4 with o = 0.15.

The product after pressing was not good.

The above example was continued. However, the temperature
in the crystalliser was adjusted to 23.0°C, resulting in an
S, of 19.3% and a 6 = 0.09. The moment material was taken
for the press is now the time = 0. _

The resulting product after p:éssing was again not good,
the reason being that although ¢ was in the requred range,
the process time was less than 12 hours. '

The results can be summarised as follows:

t= 0 hour at the time we did the pressing with o= ca 0.7
Temp. in crystalliser= 26.2°C

Pressing 0-24 bar in 2 hours + 1 hour at 24 bar.

Temperature in press was also 26.2°C.

t= 0 hour at the time we did the pressing with o = ca 0.1

Temp. in'crystailiser = 23.0°C.

Pressing 0-24 bar in 2 hours + 1 hour at 24 bar.
Temperature in the press was also 23.0°C.

T Table 3 ' :
e _ _

- | #a #2 “
time ( h) 0 | 0o |
Sc % o 5.8 19.3
S % 21.1 | 21.1
o : 0.73 - 0.09

SUBSTITUTE SHEET (RULE 26)
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weight of slurry ' p o o ' .
removed g - - | 41e ' 360

T h 7.5 (3 liter 28 ( 10 .
crystalliser) . { liter '
' : _ crystg}liser)

Sep. Eff. in press | 18.9 | 38.2
2 . s . 2 -
Yield of stearin % | 59.1 = . 178.5

Quality of steari . : S
S80S . 62.9 . . 6_4'0

40h/26°C N20 58.1 | 59.6

Quality of olein | - ' ' ' '

S00 oo ﬁ}Z;G ' . 16.3

In both pressings the quality of stearin is not good. (SOS-
levels and N,, are too low.). o

Example 4
A palm oil stearin with:

Iv= 31.8
Slip melting point= 51.3 °C
' 888= 33.3 %

was fractionated

Experimental details: .
' Volume crystalliser: 3 liter
Stirrer at 10 xrpm
Cooling programme: 1 hour at 70°C
Cooling from 70--> 52 in 1 h.
Cooling from 52--> 42 °‘C in 10 h

Four pressings were done. The amounts of material removed

~ and added per pressing are shown in the table 4. The -

materials added as liquid had a temperature of 50°C,
because for else the palm oil_steafin is not liquid.

| Pressing : 0-24 bar in 1 hour, fgllowed by 30 minutes at 24

bar. Temperature of pressing was 42°C.

-~
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1
Table 4
| | | #1 #2 #3 #4
IlTime (h). 0 24 48 120
| s. | 14.1 | 14.8 15.2 15.9
Se |l 14.7 14.7 14.7. . 14.7
g 0.04 - 0.01 ~ 0.03 - 0.08
weight of o - |
slurry. .
removed per S o
pressing g | 131 130 139 157
7 ( Over P _
pressings) 560
h _
Sep. Eff. 68.0 66.8 67.4 | 66.5
in press
“Yield of 34.4 34.6 34.7 33.8
stearin '
gquality of _
stearin:Ci16 | 82.9 82.6 82.5 82.1
10.8 9.6 2.9 10.1
Iv :
. 59.8 59.6 _ 59.6 59.1
mpt

Both stearin and olein are of good quality.

Egamgle.s _ _
Hardened soybean oil, m.pt 39°C was fractionated into 2
fractions'(a top-fraétion A and an olein-fraction B).
The hardened debean oil had the following N-values:

N,= 68.6 ' o

Ny= 30.6

Nj= 10.9

Experimental details:
Volume crystalliser: 10 liter
stirrer at 10 rpm
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Cooling programme: 1 hour
70--> 40° in 5 hours
40--> 33° in 7 hours.

‘Cooling from:
Cooling from:

The final temperature is decided by

fraction A.

12

at 70°Cc’

PCT/EP95/03035

the gquality of top

' Three pressings were done. The amounts of material removed
-~ and added per pressing are showniin the table 5. The

materials added as liquid had a temperature of 40°C in
order to ensure pourability.
Pressing: 0-24 bars in 2 hours+ 1 hour at 24 bar.

Press temperature: 33°C

Table 5

||Time (h) |
Ilsc 13.3 12.6 14.1 " '
| s, 13.3 13.3 13.3
||a 0 0.05 -0.06
weight of
slurry - :
removed per 469 505 453
pressing g ~
T (over 4 290

press.) h

Sep. Eff. in

press .

Yield of A

20.5

22.2.

Quality A:N

slippoint

75.1

46.7

72.8

' 45.0

‘Quality of
olein B:
Njo=Nj;s

Both A and B are of good quality.

SUBSTITUTE SHEET (RULE 26)
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Example 6 o
A palm olein-fraction, with the following analytical data,
was fractionated: ' |

Iv = 57.5
S0s = 33.5%
N20 = 3 .9%

Experimental details:

Volume crystalliser: 220 liter, 200 kg slurry present
stirrer speed: 4 rpm '
cooling programme: 1 hour at 60°C
' from 60 to 30 in S h

from 30 to 25 in 10 h

from 25 to 20 in 20 h

from 20 to 15 in 10 h

12 h at 15°C

from 15 to 14.4 in 5 h

Five pressings were done. The amounts of material removed
per pressing are shown in the table below. After each
removal the same amount of materiél was added to the
crystalliser as a liquid at 14.4°C.

‘The volume of the press is variable between 10 and 50
liter. The press is of the membrane filterpress type.

Pressing Qrofi;es

Pressings 1, 2 and 3°: 0-20 bar in 50 minutes (linear
increase) followed by 10 mimutes at 20 bar

Pressings 4 and 5: 0-24 bar in 50 minutes (linear increase)
followed by 10 minutes at 24 bar

Pressing temperature in all 5 pressings was the same as
the temperature in the crystalliser at the point in time
when material was taken for the pressing. In this
experiment: 14.4°C ' '
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Time (h) |0 4 24.5 1 28.5 46.5
|| Sc % 24.7 22.6 22.4 19.8 21.7
g ~0.13 -0.04 -0.03 0.09 0.005 "
weight of
slurry
removed
/pressing :
16.7 21.7 11.2 11.7 13.8
kg
T over S
-pressings 3
4 _

Sep. Eff .
. of 49,7 49.4 45.0 44,7 44.9
Press % :
|

Yield of ' _ |
stearin % | 45.8 41.4 52.0 $53.5 50.9
Quality _
olein 65.5 63.9 64.9 63.6 67.4
IV

8.4 12.0 9.0 11.0 7.0
NO
Stearin _ _

49.0 50.8 47.7 45.8 51.5
S0S : : :
(40h/20 49.9 54.1 43.9 46.4 46.7
.c : .
Nao h

Both olein and stearin are of accéptable quality.

40
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REPLACED

:FHIS SHEET HAS B

EEN

A process for the crystallisation of polymorphic fat

molecules in a'pseudo-steady state process, wherein the
5 crystallisation is performed in a dry fractionation system

in such a way that the crystal form of the product is a

kinetically~-stable crystal form, while during the

crystallisation a o-value is maintained below 0.5,

preferably below 0.3, more preferably between 0.001 and

10 0.2, during.a period of at least 12 hrs, wherein :

S. bein

c=1-8

—r

Sg

g : percentage of solids in crystalliser at

crystallisation temperatur

15 Sﬁ'being : percentage of solids after

e;
stabilisation for 48

.hours at exit témperature of the crystalliser.

2.

Process according to Claim 1,

wherein the process is

performed in a pseudo-steady state for at least 24 hours,

20 preferably for at least 48 hours, more preferably for at

least 60 hours.

3.

Process according to Claims 1-

2, wherein the

.residence time 7 of the fat in the crystalliser is more

25 than 1 hour, prefefably more than 4 hours, more preferably

more than 12 hours, 7 being defined a
7 = Volume of crystalliser

30 4.,

Average flow r

Process according to Claims 1-

s :
ate

3, wherein a

crystalliser is applied whose volume is more than 2 times,

preferably more than 3 times, more preferably more than 5

times the volume of the separator applied.

35 5.

Process according'to Claim 4,

wherein the volume of

" the crystalliser is more than 10 n’, preferably more than

30 md,

more preferably more than 60 m'.

This Sheet Has Been Re

T

i
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6. Process accordlng to Claims 1- 5, whereln t = E=ils
selected from the group consisting of palm oil, palm oil
olein, shea, high-oleic sunflower oil, palm oil stearin,
high stearic bean oil, hardened vegetable fat, enzymically

interesterified.fats, chemicallyginteresterified fats or

mixtures thereof. - ' '

7. Process according to Claims 1-6, wherein the process

is controlled by selecting and adjustihé_the'flow rate,

shear rate and temperature only. '
e N
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