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(57) Abréegée/Abstract:

Disclosed Is a process for production of a plant oll without producing any trans-type fatty acid as a by-product. The process
comprises the steps of: (1) introducing a raw oll prepared by squeezing a plant seed into a column having activated charcoal filled
therein from the upper part of the column; (2) allowing the raw oll to migrate in the column by the action of gravity toward the lower
part of the column and discharging the raw oll from the column through a filter cloth placed adjacent to the bottom of the activated
charcoal layer, wherein the filter cloth has a pore size of 13 to 45 um; and (3) introducing the oll discharged from the column into an
activated charcoal separator having a filter with a pore size of 3 to 7 um to remove an oil having no activated charcoal micropowder
from the separator by the action of a sucking force.
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Abstract:

Disclosed is a method for producing botanical oil with no by-produced. trans fatty
acids comprising the steps of;

(1) introducing a raw oil obtained by squéezing plant seeds into a column having
activated carbon filled therein from the upper part of the column;

(2) allowing the oil to transfer in the column by the action of gravity toward the
lower part of the column and allowing the oil to discharge from the column
through a filter cloth placed adjacent to the bottom part of the activated carbon
layer, wherein the filter cloth has a pore size of 13 to 45 pm; and

(3) introducing the oil discharged from the column into an activated carbon
separation device comprising a filter having a pore size of 3-7 pm, and discharging

from said separation device an oil having no activated carbon microparticles by

the action of a sucking force.
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Method for purification of botanical oil without producing any trans fatty acid as
by-product and apparatus for the method

Technical Field:

5 The present invention relates to a method and apparatus for producing botanical

o1l exclusive of by-produced trans fatty acids by purifying botanical oil (raw oil)
without excess heating and optionally hydrogenating it.

Background of the invention:

10  Botanical oils for edible and cosmetic use are produced for example by squeezing
seeds of plants which have high oil content. Purification of botanical oils generally
includes the steps of degumming, deacidification, bleaching, deodorizing, etc. by

which phospholipids, free fatty acids, coloring matters, odorous substances, etc.

are removed. Purified botanical oils are used in a wide variety of applications such

15 as for edible and cosmetic uses.

Oils from plants generally include a plurality of polyunsaturated fatty acids with
a varying number of carbon to carbon double bonds, such as monovalent (oleic acid
18:1), divalent (linoleic acid 18:2) and trivalent (alpha-linoleic acid 18:3), and the
20  property of botanical oil is decided based on the composition of said fatty acids
within the oil. Even 1n "camellia oils", it 1s said that, in camellia oils originating

from Camellia japonica, the content of oleic acid is 85 mass% (hereinafter, %) and

the content of hinoleic acid is 4.1 %, whereas in camellia oils originating from

Camellia sasanqua, it is said that the content of oleic acid is 83.3 % and the

25 content of linoleic acid 1s 7.4 %. As shown above, camellia oils from Camellia

japonica have a lower content of carbon-carbon double bonds compared to camellia

oils from Camellia sasanqua (Oil and Oil ingredient Handbook (Yushi, Yuryou
Handbook); Edited by Yoshiro Abe; Saiwai Shobo (1988)).
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Parameter "iodine value" is used to identify the property of such fatty acd
composition of botanical oils. Iodine value is an indication of the amount of
carbon-carbon double bonds of polyunsaturated fatty acids, and when the 1odine
value is high, i.e. when a botanical oil comprises many polyunsaturated fatty
acids, such oil is easily oxidized and has a tendency to discolor and denature.
Therefore, in order to retain or raise the quality of the oil, hydrogenation 1s
usually carried out during the degumming and/or the deacidification step to

reduce the amount of carbon-carbon double bonds.

Most of the "camellia oils" that are currently commercially available use oils from

Camellia oleifera produced in China as their ingredient. O1l of Camelha oleifera 1s

positioned at about the center of oil of Camellia japonica and oil of Camelha

sasanqua, and its iodine value is often slightly above 83. As described above,

camellia oils with high iodine value are easily oxidized. Therefore, 1t 1s 1important
to reduce the iodine value when producing purified botanical oils (for example,

iodine value in the range of 78 to 83 in the case of camellia oil).

Among the aforementioned purification and hydrogenations steps of botanical oils,

the most commonly used has been the purification with the application of heat.
Examples of processing steps in heat-purification are as follows; degumming:
water is added to raw oil and stirred with the application of heat after which
phospholipids, etc. are removed following centrifugation; deacidification’ the
degummed oil is stirred under heat with sodium hydroxide after which free fatty
acids are converted to soap and removed; bleaching: clay is added to the
deacidified oil whereby coloring matters are removed; deodoring: the bleached oil
is steam-distilled in vacuo by which traces of volatile odorous substances are
removed (Oil and Oil ingredient Handbook (Yushi, Yuryou Handbook); Edited by
Yoshiro Abe; Saiwai Shobo (1988)). In addition, there is also a hydrogenation step

in which hydrogen is introduced into oil by which hydrogen 1s added to the

N
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unsaturated bond portion of the fatty acid, and this hydrogenation step 1is
generally carried out at high temperatures, e.g. heating treatment at a high

temperature of 230 °C 1s sometimes carried out for reactions for oil and hydrogen.

As shown above, the steps of purification and hydrogenation were mainly carried
out at high temperatures, but such steps involving heating at high temperatures
induce denaturation of fatty acid compositions and produces trans isbmers which
do not exist in nature. In recent years, researchers in countries throughout the
world have pointed out that the intake of such trans fatty acids has negative
eftects on health, and first in Europe and then, in 2005, the United States have
enforced a law requiring identification of content of trans fatty acids in edible oils.
Awareness of danger of trans fatty acids 1s growing in Japan, and there is a need
for a method for purifying and hydrogenating botanical oil without producing

trans fatty acids.

Disclosure of the Invention:

Therefore, the object of the present invention is to provide a method and an
apparatus for producing purified botanical oil with no by-produced trans fatty
acids, by purifying raw o1l of the botanical oil under conditions not involving

excessive heating and optionally hydrogenating it.

The present invention provides a method of producing botanical ol with no
by-produced trans fatty acids comprising the steps of;

(1) introducing a raw oil obtained by squeezing plant seeds into a column having
activated carbon filled therein from the upper part of a column; '

(2) allowing the oil to transfer in the column by the action of gravity toward the
lower part of the column and allowing the oil to discharge from the column
through a filter cloth placed adjacent to the bottom part of the activated carbon

layer, wherein the filter cloth has a pore size of 13 to 45 um; and
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(3) introducing the oil discharged from the column into an activated carbon
separation device comprising a filter having a pore size of 3-7 pm, and discharging
from said separation device an oil having no activated carbon microparticles by

the action of a sucking force.

The present invention also provides a method for producing botanical oil with no
by-produced trans fatty acids further comprising the step of

(4) introducing the obtained oil into a tower having hydrogen filled therein,
spraying the oil from the top part of the tower towards the lower part of the tower

and contacting the oil with hydrogen at a temperature of 50 °C or lower.

The present invention also provides an apparatus for producing purified botanical
o1l comprising;

(a) a botanical oil purification line comprising at least 2 botanical o1l purification
columns mounted 1n juxtaposition and in a way such that the line can be mutually
switched, the column comprising an inlet for raw o1l from plants on the upper part
and an outlet for purified botanical o1l at the bottom part, wherein a ﬁlter cloth
having a pore size of 13 to 45nm 1s placed at the bottom part of the column and the

spacing above said filter cloth 1s filled with activated carbon to form an activated

carbon layer, and

(b) an activated carbon separation device comprising an inlet for introducing
purified botanical o1l and an outlet, and having mounted inside a filter for

removing activated carbon remaining within the puritied botanical o1l.

The present invention also provides an apparatus as mentioned above further
comprising;
(c) a spraying tower for contacting sprayed botanical oil with hydrogen filled

within the tower, comprising a botanical o1l spraying nozzle, a hydrogen gas inlet

and a botanical oil outlet.
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The present mmvention further provides an apparatus for producing purified
botanical ol comprising; ‘

(d) a vertical botanical oil purifying column having activated carbon filled therein
comprising an aperture for botanical oil at the top part and the bottom part,
wherein an activated carbon drop prevention means is mounted at said bottom
part,

said activated carbon drop prevention means formed by arranging a plurality of
blade members with spacings in between wherein the blade members are in the
shape of a truncated cone or pyramid with open upper and bottom ends, and
closing the opening at the upper end of the uppermost blade member with a
closure member, and

(e) an activated carbon separation device comprising an inlet for mtroducing
purified botanical oil and an outlet, and having mounted inside a filter for

removing activated carbon remaining within the purified botanical oil.

The present invention enables the production of botanical o1l with no by-produced
trans fatty acids which are said to be harmful, due to the absence of excess
heating during the steps of non-heating purification and non-heating
hydrogenation. In addition, by adjusting the activated carbon-filled column, the
filter cloth within the column, and the arrangement and the type of activated
carbon-removing filter in the purifying step which utilizes activated carbon, the
retention time of the botanical oil within the column 1s dramatically reduced to
increase the activated carbon treatment rate, whereby the filtering ability of the
activated carbon is brought about to its maximum and niakes possibfle to carry out
high level of purification. Furthermore, the purification step can be carried out
more efficiently because, in addition to the improvement in the treatment rate,

the operating life of the filter cloth and the filter is extended and the cost and

energy necessary for the purification step 1s reduced.
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Brief Description of the Drawings:

Fig. 1 shows an activated carbon-filled column used for purification of

botanical oil and an activated carbon separation device.
Fig. 2 shows a hydrogenation device.

Fig. 3 shows a blade member.

Fig. 4 shows an activated carbon drop prevention means.

1 activated carbon-filled column

3 activated carbon
4 filter cloth
6 filter cloth

8 activated carbon separation device

9 filter

10 actaivated carbon separation device
11 filter

14 spraying tower

15 botanical o1l épraying nozzle

16 in-nozzle spacing

31 blade member

33 ejection

41 activated carbon drop prevention means
43 blade member

45 closure member

47 aperture

49 column )

Preferred Embodiments for Carrying Out the Invention:

Raw o1l from seeds of plants are used for the present invention. Seeds of plants

may be any seed which comprises an oil component (in particular, seeds with a
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high content of oil referred to as oilseeds), includjilg seeds of camellia, rape,

safflower. corn, soy beans, etc. Seeds of camellia, for example, Camellia oleifera

and Camellia japonica are preferred for the present invention. Raw oil can be

obtained by squeezing the seeds of above plants or by extraction with chemical
solvents such as hexane. However, since extraction by chemical solvents may
chemically alter the botanical o1l, 1t is preferable to obtain raw oil by squeezing in

order to produce botanical oil which 1s closer to nature.

In the method of the present invention, the purification of botanical o1l is carried
out not with the commonly used method which comprises the steps such as adding
water at high temperature to remove phopholipids, but by using activated carbon
at normal temperatures. Resin, sugar, etc. are removed by passing the raw ol
through activated carbon, at i1t also has the effect of decoloring and deodoring.
Activated carbon having the above purifying abilities (such as absorption and
decoloring abilities) are used, and may be made of any ingredients such as

charcoal and coconut shell. Activated carbon having a particle size of, for example,

0.1 to 2.0 mm may be used. The particle size does not have to be uniform but can

be, for example, a mixture of activated carbon of a particle size within the above

range.

The purification of botanical o1l using activated carbon can be evaluated for
example by using "acid value" as an indication. Acid value 1s one example of a
value to objectively indicate the extent of purification of botanical oil, and
represents the amount of potassium hydroxide in mg necessary for neutralizing
1g of a sample. The value can be calculated, for example, by adding and dissolving
25 ml of diethylether and 25 ml of ethanol to 5 g of botanical oil, titrating with
0.1mol/l potassium hydroxide solution using phenolphthalem as an indicator, and

measuring the amount of potassium hydroxide solution necessary for

neutralhization.
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The acid value decreases as the botanical oil becomes more purihed. In the
present invention, 1t 1s possible to bring the acid value of the botanical o1l to 2.0 or

less, more preferably 1.5 or less, for example 1.0 or less, or even about 0.01

depending on the type of activated carbon.

The purification by activated carbon is carried out under conditions not involving
excess heating, for example, at normal temperatures, for example, 10 to 40 °C,
preferably 20 to 30 °C. The botanical o1l transfers in the column by the action of
eravity toward the lower part of the column. The amount of activated carbon
within the column 1s 20 to 200 Liters, preferably 40 to 100 Liters, but can be varied
according to the volume of the column used and the extent of purification

necessary. It requires about 3 to 8 hours for the botanical o1l to pass through the

activated carbon.

In the method of the present invention, a filter cloth is located adjacent to the
bottom part of the activated carbon layer. The filter cloth used are those having
relatively large pore size which would enable to support the activated carbon layer
mounted upstream but not reduce the transmission rate of the o1l as possible. The
preferable pore size is for example 8 to 45pum, preferably 8 to 20pm, more
preferably 8 to 13pum but can be varied according to the particle size of the
activated carbon. The filter cloth may be of natural fiber or synthetic fiber and
those made of polypropylene are used for example. By allowing the oil to pass
through the filter cloth, 1t would be possible to remove particles of activated
carbon of relatively large particle size (for example those with size of 13pum or
more) by which the clogging of filters (for example, those with pore size of 3 to
7pm) during the activated carbon separating step described hereinafter is greatly
reduced, and as a result, the procedures can be carried out without delay and at

the same time, the operation life of the filter can be extended. As described above,

by placing a filter cloth between the activated carbon layer and the filter, the
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clogging of filter will not occur in a short period of time and the transmission rate
of the o1l will not decrease rapidly as in the conventional methods. Therefore, it
will be possible to let the oil pass through larger volume of activated carbon in the ,

same length of time compared to the conventional method, and as a result, the

extent of purification of oil can be improved.

It 1s preferable in the method of the present invention to, in the purification step
using activated carbon, let thé oil pass through a second filter cloth located
downstream of the first filter cloth adjacent to the bottom part of the activated
carbon layer with a spacing in between which is not filled with activated carbon
(see figure 1), the second filter cloth having a smaller pore size compared to the
first filter cloth. By arranging two filter cloths with a spacing in between, the one
of a smaller pore size at downstream, the oil which passed through the first filter
cloth drops to said spacing, and then passeé through the second filter cloth located
at the bottom of said spacing. The pore size of the first filter cloth located adjacent
to the activated carbon 1s, for example, 13 to 20um, preferably 13 to 15 um, and
the pore size of the second filter cloth located at downstream 1is, for example, 8 to
13pum, preterably 8 to 10pm. The spacing between the first and the second filter
cloths (i.e. the height of adjusting spacing) may be for example 5 to 10 cm,
preferably 7 to 8 cm. By optionally using the adjusting spacing and the second
filter cloth to carry out stepwise removal of activated carbon particles stepwise, as
described above, the decrease of filtering rate at each filter cloth is minimized,

whereby the retaining time of the botanical oil within the column is dramatically

reduced and the activated carbon treatment rate is increased. The treatment rate

can be reduced to, for example, about one half to one third compared to the

conventional purifying method which does not use stepwise removal of activated
carbon particles. Furthermore, the increase of the treatment rate will lead to

bringing about the maximum filtering ability of the activated carbon and

high-grade purification would be possible.
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In one embodiment of the present invention, the apparatus of the present
invention for purifying botanical o1l has at least 2, for example 2 to 45, preferably
18 to 36 aforementioned columns mounted in juxtaposition and in a way such that
the line can be mutually switched. The number of columns may be altered to, for
example, 50 and even to 100 depending on to the amount of botanical oil that
needs to be purified. By doing so, 1t will no longer be necessary to stop the
purification process and wash and renew the activated carbon-filled column every
time the clogging occurs, and instead the column whose activated carbon's

operation lite has expired can be simply exchanged and the puﬁﬁcation of

botanical o1l can be carried out continuously. As shown, 1t 1s possible to reduce the

time needed to deal with clogging and reduce the cost by using filter

clogging-prevention means and exchangeable columns.

In another embodiment of the present invention, the same effect as that of the
aforementioned filter cloth, 1.e. avoid the drop of activated carbon and also obtain
good filtering rate, can be obtained by placing, instead of said filter cloth, an

activated carbon drop prevention means at the aperture at the bottom part of the

column.

The botanical o1l which passed through the activated carbon will then pass
through the spacing between the blade members of the activated carbon drop
prevention means from the outer side to the inner side, whereby relatively large
particles of activated carbon can be removed from the botanical oil without
reducing the transmission rate of the botanical oil. The botanical oil from which
the particles are removed will then pass through the aperture at the bottom part
of the column and be discharged from the column.

With reference to figure 4 showing a preferred activated carbon drop prevention

means used 1n the present invention, the activated carbon drop prevention means

41 1s formed by arranging a plurality of blade members 43 with spacing in

10
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between wherein the blade members are in the shape of a truncated cone or
pyramid with open upper and bottom ends, and closing the opening at the upper

end of the uppermost blade member with a closure member 45.

With reference to figure 3, the material of blade member‘31 has no limitation as
long as 1t does not deteriorate the property of the botanical oil, and can be decided
upon by a person skilled in the art in view of the ease of processing and can be, for
example, stainless steel or aluminum, stainless steel being especially preferable.

The blade member 31 is in the shape of a truncated cone or pyramid with open
upper and bottom ends. The truncated cone or pyramid may be any one of a
truncated circular cone, truncated oval cone or truncated pyramid cone (for
example, truncated triangular pyramid, truncated quadrangular pyramid,
truncated pentangular pyramid, truncated hexagonal pyramid, etc.) and may be
selected depending on the ease of processing and the shape of the column, and a
truncated circular cone is preferable. The size of the blade member can be readily
decided upon by a person skilled in the art in view of the size of 'the column, etc. In
the case of the truncated circular cone, for example, the diameter of the circle of
the upper end may be 2 to 20 cm, preferably 3 to 6 cm and the diameter of the
circle of the lower end may be 5 to 30 cm, preferably 5 to 8 cm, provided that the
diameter of the circle of the upper end 1s greater than the diameter of the circle of
the lower end. The height of the blade member can be set at any value, but can be
for example 1 to 5 cm, preferably 1 to 1.5 cm. The slant angle of the cone or

pyramid can be set at a value which will enable the prevention of contamination of

activated carbon particles in the botanical oil, and can be, for example, 20 to 60
degrees, preferably 35 to 55 degrees and more preferably 45 to 55 degrees (the

slant angle of the side surface of a circular cylinder is defined as 90 degrees).

In the activated carbon drop prevention means 41, a plurality of blade members

43 are arranged with a spacing in between. Thus arranging the spacing, relatively

11
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large-sized activated carbon particles can be removed when the purified botanical
oll passes between the blade members. In addition, by adjusting the gap of the
spacing and the number of blades, the reduction of the transmission rate of oil is
almost completely prevented. In particular, if the activated carbon drop
prevention means is used, the same effect as that of the aforementioned filter

cloth may be obtained, and at the same time, the transmission rate of the

“botanical o1l can be improved, for example, nearly 3 times as much as that when

the filter cloth 1s used.

The number of blade members to be arranged may be varied on a case by case
basis depending on, for example, the size of the column and the desired treatment

rate. For example, 5 to 50, preferably 15 to 25 blade members can be used.

The spacing between blade members where the botanical oil passes through may
be configured by any known method, but preferably, the blade members 31 hasve
ejections 33 on the upper of the lower surface to form a spacing. If the blade
member 31 has the ejection 33, the adjacent blade members will not adhere to
each other and will be able to obtain a spacing suitable fdr the botanical o1l to pass
through. There 1s no limitation for the shape of the ejection, and may be readily
selected by a person skilled in the art based on, for example, the ease of processing
and the flow of the botanical oill. When blade members are in the shape of a
truncated circular cone, for example, the sp acings between the blade members can
be maintained generally even without inhibiting the flow of botanical oil by

arranging for example 3, 4, 5, 6 or more ejections in positions equa]ly apart,

extending along the radius direction. See figure showing a preferable embodiment

of a hlade member.

The gap of the spacing between the blade members may vary depending on, for
example, the particle size of the activated carbon, the size of the blade and the

slant angle of the cone or pyramid, and a person skilled in the art can readily
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decide the value based on the standard, for example, that such value will enable
to be removes relatively large sized activated carbon particles and at the same
time, will not excessively reduce the transmission rate of the botanical oil. 0.05 to

2.5 mm, for example 1s preferred and 0.10 to 0.15 mm 1s more preferable.

The opening at the upper end of the uppermost blade member is closed with the
closure member 45. The closure member may be of any material and shape as long
as 1t 1s capable of closing the opening to prevent contamination or the drop of
activated carbon. Preferably, the closure member is prepared in the same shape as
that of the opening. Furthermore, the closure member 45 may be fixed by any

method, for example, it may be fixed to a blade member and / or the inner wall of

the column by a screw.

In another embodiment of the present invention, the aforementioned botanical oil
purifying column may further comprise an activated carbon drop prevention
means at the aperture at the upper part of the column, and may be arranged so
that the column can be turned upside down. In general when using activated
carbon columns, the purtfication ability of the activated carbon on the side which
first contacts with the unpurified o1l, 1.e. the upstream side, is reduced faster than
the activated carbon at the downstream side, and as a result, the yield ratio of the
botanical oil, based on purification, is reduced. In order to prevent this, it is
necessary to frequently exchange the activated carbon in the column, which is
burdensome. Thus, by arranging an activated carbon drop prevention means not
only at the bottom end of the column but also at the aperture at the upper end,
and arranging the column so that it may be turned upside down in situ, the
purification ability of the activated carbon, after a certain amount of botanical oil
has been passed through, can be enhanced merely by turning the column upside

down and, as a result the time and cost for exchanging the activated carbon can be

sreatly reduced.

13
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In this connection, to turn the column upside down means that the positions of the
aperture at the uppér part and the bottom part are reversed. The column may be
turned upside down by any technique known in the art; but is preferably turned
upside down in situ, i.e. without taking the column out of the line. For example,
the column may be turned upside down by arranging the device so as to rotate the

column at the horizontal axis passing through the center of the column.

The botanical o1l which 1s discharged from the aforementioned column comprising
activated carbon and filter cloth is then introduced into an activated carbon
separation device comprising a filter having a pore size of 3 to 7;um, and the
activated carbon particles which passed through the filter cloth (for example,
those smaller than 7pm) are removed. When doing so, since it is difficult for
botanical oils to pass through filters (especially those having small pore sizes), the
botanical oil free of activated carbon particles may optionally be discharged out
from said separating device by the action of a sucking force. Filters used are those
which are capablé of removing activated carbon particles contaminated in
botanical oils which have passed through the activated carbdn-fi]led column, such
as cartridge filters comprising polypropylene fibers. Suction is carried out using a
pump at the rate of, tor example, 2 to 3 liters per minute. In order to deal with the
overflow of botanical oil due to the change of the filtering rate of the filter over
time, 1t 1s possible to control the on / off of the pump by overflow sensors and by

arranging pipes so that the overflowed botanical o1l 1s returned to upstream.

In one embodiment, two or more activated carbon separation devices comprising
filters of different pore sizes can be arranged and the o1l is passed thorough the
devices 1n an order from that having the larger pore size. For example, oil may be
passed through an activated carbon separation device having a 7pm filter,

followed by an activated carbon separating device having a 3pm filter. By

14
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optionally allowing the oil to sequentially pass through a plurality of activated
carbon separating devices, the clogging of each filter 1s less likely to occur
compared to when the o1l is passed through a single filter, and the treatment rate
is also improved. As a result, together with the aforementioned purification using

activated carbon, the process efficiency of the overall purification process 1is

improved.

Next, the purthed botanical o1l 1s introduced into the spraying tower and
hydrogenation is carried out. The 1odine value of the botanical oil is lowered by
this step. Iodine value 1s a value indicating the amount of iodine in mg which can
be added to 100 mg of oil, and the lower the iodine value is, the less the botanical
oil 1s oxadized. This reaction step 1s preferably carried out by dispersively spraying
the oll into the tower filled with hydrogen and physically contacting the oil with
hydrogen. For example, o1l pooled at the bottom part of the spraying tower can be
sprayed again and be circulated, whereby the o1l is sprayed into the hydrogen gas
repeatedly and the iodine value can be reduced (see figure 2). A certain amount of
purified botanical o1l can be introduced into the hydrogenation device to carry out
the hydrogenation treatment batchwise or the hydrogenation can be carried out

continuously, for example, by preparing a line so that the purified botanical oil is

introduced directly into the tank.

When carrying out the hydrogenation, the temperature and the spraying pressure
of the botanical oil to be sprayed, the hydrogen pressure within the spraying tower,
etc. are set to a switable value. Trans tatty acids are likely to be produced if the o1l
1s treated as 1n conventional methods under high temperature conditions (for
example at 230 °C), thus the temperature of oil is maintained preferably at from
normal temperature, such as 20 °C, to 50 °C, preferably 30 to 45 °C, for example at
42 °C. In order to carry out efhciently the contacting of oil and hydrogen, the

content of hydrogen within the spraying tower 1s preferably high, for example

15
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90 % or more, and is preferably filled waith 100 % hydrogen. The pressure of

hydrogen within the spraying tank is preferably 2 kgf/cm?2 or more, for example, 2
to 4.5 keflcm?, for example 2 kegf /cm2, and the spraying pressure of the o1l 1s
preferably set at 4.0 to 6.5 kgf/cm?2, and more preferably set at 6.0 to 6.5 kgt/cm?.
By making a difference in pressure between the hydrogen pressure and the ol
spraying pressure (for example, a difference of 4.0 to 4.5 kgf/cm?), the oil may be
Sprajred efficiently by high-pressure showering and be contacted with hydrogen.
By spraying the oil sample into the spraying tower filled with hydrogen under the
above conditions, the hydrogen binds to the carbon-carbon double bond of the
polyunsaturated fatty acids and the iodine value is decreased. The way of
contacting botanical o1l with hydrogen 1s not limited to the embodiment described
above. Hydrogen may be introduced directly into the space of the tank, as
described above, but preferably ‘hydrogen is introduced into the in-nozzle space
where 1t 1s mixed with botanical o1l and then sprayed into the tank. By using this
method, the botanical oil can be made into a finer spray and the contacting area
with hydrogen can be increased, resulting in more efficient hydrogenation. Other
methods known in the art may also be used. For example, a flow of hydrogen may

be produced 1n the spraying tower and be contacted with botanical o1l in a

counter-current or co-current style.

In the method of the present mvention, all the steps, as mentioned above, are
carried out without heating at high temperatures (e.g. the purification step is
carried out at normal temperature using activated carbon, and the mixing with
hydrogen is carried out at low temperatures such as 42 °C), and thus trans fatty
acids vs_rhich are said to be harmful to humans, are not by-produced. Most of the
botanical oils that are currently commercially available are detected with about 1
to 18 % of trans fatty acids, whereas the amount of trans fatty acids included in

botanical oils produced with the method of the present invention 1s less than the

0.1 % detectable limit (according to the test by Japan Institute of Oil & Fats,
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Other Foods Inspection Foundation). Therefore, one embodiment of the present

invention is characterized in that the trans fatty acid content of the oil obtained

by the method of the invention 1s less than 0.1 %.

The preferable apparatus for producing purified botanical oil 1s now described
below with reference to the figures.

Figure 1 shows botanical oil purification column 1 filled with activated carbon,
and activated carbon separation device 8 and 10 used to purify botanical o1l of the
invention. The purified botanical oil production device of the present invention
has a plurality of activated carbon-filled columns 1 connected in juxtaposition,
and each activated carbon-filled column comprises the activated carbon 3, filter
cloth 4 adjacent to the bottom part of said activated carbon 3, spacing 5 at the
downstream of the filter cloth, and filter cloth 6 at the bottom part of the spacing.
The raw botanical oil flows down from the raw oil inlet 2 at the top part of the
column and through the activated carbon 3, filter cloth 4, spacing 5 and filter cloth
6, and 1s discharged from botanical o1l outlet 7 at the bottom part of the column.
The details of the activated carbon and the filter cloths are as described
hereinbefore. '
Botanical oil which passed through the activated carbon-filled column 1s then
sequentially itroduced imto the activated carbon separating device 8 and 10.
Activated carbon sep aratibn devices 8 and 10 have arranged inside filters 9 and 11,

respectively. Since botanical o1l are first transmitted through a filter of larger pore

size, as described before, the pore size of the filter 9 is larger than that of the filter
11. The details of the filters are as described hereinbefore. Pumps 12 and 13 are

arranged for the suction of botanical oil.

Figure 2 shows the preferred hydrogenation device of the present invention. The
hydrogenation device has a spraying tower 14, said spraying tower comprising a

botanical o1l spraying nozzle 15 for spraying botanical oil, in-nozzle spacing 16
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and hydrogen gas inlet 17 for introducing hydrogen into the in-nozzle spacing. As
described hereinbefore, the hydrogen gas does not necessarily have to be
introduced into the in-nozzle spacing, but can also be introduced from the top part
of the spraying tower or can be, for example, introduced from the bottom part
depending on the way of contacting botanical oil with hydrogen. Hydrogen gas is
supplhied from a hydrogen tank 22. Preferably, a botanical o1l 19 taken out from an
outlet 18 of the spraying tower enters a botanical oil tank 20 connected to the
spraying tower, and the oil 1s sucked up by a pump 21, and is mixed with
hydrogen in the in-nozzle spécing 16 after which 1t is sprayed into the spraying
tower from the botanical o1l spraying nozzle 15. A heater is placed inside the
botanical oil tank and the temperature of the botanical oil is controlled. The
setting temperature for the botanical o1l 1s as described hereinbefore. Batchwise

treatment can be carried out to repeatedly circulate a certain amount of purified
botanical o1l, or a line may be prepared so that the oil continuously passes through

the activated carbon-filled column, activated carbon separation device and the

hydrogenation device, and discharged.

A blade member of figure 3 and the activated carbon drop prevention means of

figure 4 are as describe hereinbefore.

The examples of the present invention are described hereinafter, but the present

imvention should not to be limited to them.

Examples

1. Purification of raw oil of botanical oil by activated carbon

Purnification of raw o1l of camellia 01l was carried out. Seeds of camellia of

—

Camellia oleifera were used as an ingredient, 3000 kg of said seed Were squeezed

to obtain 990 lhiters of raw camellia oil. Purification was carried out using an
activated carbon-filled column and activated carbon separation device (see figure

1). 40 liters of activated carbon were filled inside a cylindrical column (20 cm
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diameter, 2 m tall). A 13pm filter cloth was placed at the bottom part of the

activated carbon layer, and an 8pm filter cloth was placed with a spacing in

between which was not filled with activated carbon. The filter cloth used was

PYLEN twill-woven filter cloth P-606 of Japan Envirotic Industry Co., LTD. 18
columns were arranged in juxtaposition to prepare a purification line, and raw oil
of camellia o1l was allowed to pass through the activated carbon layer by the

action of gravity. The oil which was transmitted through the activated carbon

layer further passed through two filter cloths and was discharged from the column.

All the 990 liters of raw oil was treated in a working time of about 9 hours.

Then, 3 activated carbon separation devices comprising a nm filter and 6
activated carbon separation devices comprising a 3um filter Weré each connected
in juxtaposition, pump suction was carried out and the oil was passed through the
7nm filter and then through the 3pm filter. The filter used was a BM filter (7m
and 3pm) of Chisso Corporation. The suction rate was approximately 3 liters / min.
By this process, fine particles of activated carbon remaining in the oil were

removed.

As a result of the above purification step, the acid value of camellia oil decreased

from 2.5-3.8 to 0.7-1.2.

2. Contacting with hydrogen

Using the aforementioned hydrogenation device of figure 2, botanical 'o,il of
camellia o1l was contacted with hydrogen. A spraying tower of 22 liters in volume
was used, and pipes were arranged so that the oil discharged from the bottom part
of the spraying tank was introduced to a camellia o1l tank and sprayed into the
spraying tower again by a pump (see figure 2). The spraying tower was fully filled
with camelha o1l heated to 42 °C, and was closed using a valve. Then the hydrogen
valve was opened, and hydrogen at 2 kgf/cm?2 was injected from the top part of the

column and at the same time the outlet valve was opened. By injecting hydrogen
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mmside the column, oil was "pushed out" from the bottom part of the column into
the camellia o1l tank. The 1njection of hydrogen was continued until 5 liters of oil
were remained at the bottom part of the spraying tower while the remaining 17
liters were filled with hydrogen at 2 kgf/cm?2. A heater was placed 1n the camellia
ol tank and the temperature of the camelha o1l was maintained at 42 °C.

From this configuration, the camellia o1l was circulated and was sprayed into the

hydrogen within the spraying tower. The spraying pressure was maintained at 6.0

kgf/cm? and the hydrogen pressure inside the tower was maintained at 2.0

kgt/cm?, and the botanical oil was circulated under this condition for 40 minutes.

The circulation rate was 3 liters/min. As a result of this step, the iodine value of
the o1l decreased from 85.6 to 85.2. Furthermore, the content of trans fatty acids

comprised in the final purified camellia 01l was below the detection limit of 0.1%.

3. Purification with botanical oil purification column comprising activated carbon
drop prevention means

Activated carbon drop prevention means was prepared which had 22 blades
stacked together, the blades 1n the shape of a truncated circular cone with the
upper and lower ends open. The material of the blades was stainless steel, and the
circle at the upper opening was 3.2 cm in diameter, the circle at the bottom
opening was 5 cm 1n diameter and the height was 1.2 cm. The blade had 4
ejections extending along the radius direction, and the height of the ejections was

0.15 mm.

The activated carbon drop prevention means thus produced was set at the bottom
aperture of the column of 20 cm in diameter and 2 m in height, and the column

was filled with 135 kg of activated carbon LC of Sinochem Shanghai Corporation

(mixture of particles having a particle size of 0.1 to 2 mm).

As a result, the filtration rate of the botanical oil was 11.64 liter/h, which was
significantly higher than when using the 20pm filter cloth G.e. 2.64 liters/h)
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instead of the activated carbon drbp prevention means (the conditions of the

column, activated carbon, etc. were the same).
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What 1s claimed 1s:

1. A method for producing botanical oil with no by-produced trans fatty acids
comprising the steps of;

(1) introducing a raw oil obtained by squeezing plant seeds into a column having
activated carbon filled therein from the upper part of the column;

(2) allowing the oil to transfer in the column by the action of gravity toward the
lower part of the column and allowing the oil to pass through a first filter cloth
placed adjacent to the bottom part of the activated carbon layer, wherein the filter
cloth has a pore size of 13 pm to 45 pm, and allowing the o1l to discharge from the
column through a second filter cloth having a pore size of 8 um to 13 pm located
downstream of the first filter cloth with a spacing in between which is not filled
with activated carbon; and

(3) introducing the oil discharged from the column into an activated carbon
separation device comprising a filter having a pore size of 3 pm-7 pum, and
discharging from said separation device an oil having no activated carbon

microparticles by the action of a sucking force.

2. The method according to claim 1 further comprising the step of;
(4) introducing the obtained oil into a tower having hydrogen filled therein,
spraying the oil from the top part of the tower towards the lower part of the tower

and contacting the oil with hydrogen at a temperature of 50 °C or lower.

3. The method according to claim 1 or 2 wherein the botanical oil 1s a camellia oil.

4. The method according to any one of claims 1 to 3 wherein in step (3), the o1l 1s
passed through two or more activated carbon separation devices comprising filters

of different pore sizes in an order from that having the larger pore size.
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5. The method according to any one of claims 1 to 4 wherein the acid value of the

oil obtained 1n step (2) 1s from 0.01 to 1.5.

6. The method according to any one of claims 1 to 5 wherein the content of trans

fatty acids 1n the obtained o1l 1s less than 0.1%.

7. An apparatus for producing purified botanical o1l comprising;

(a) a botanical oil purification line comprising at least two botanical oil
purification columns mounted 1n juxtaposition and in a way such that the line can
be mutually switched, the column comprising an inlet for raw botanical o1l on the
upper part, an outlet for purified botanical oil at the bottom part, a first filter
cloth having a pore size of 13 pm to 45 um, the spacing above said first filter cloth
filled with activated carbon to form an activated carbon layer, and a second filter
cloth having a spore size of 8 um to 13 um placed at the bottom part of the column
and downstream of the first filter cloth with a spacing in between which 1s not
filled with activated carbon, and

(b) an activated carbon separation device comprising an inlet for introducing
purified botanical oil and an outlet, and having mounted inside a filter for

removing activated carbon remaining within the purified botanical oil.

8. The apparatus for producing purified botanical o1l according to claim 7 further
comprising;

(c) a spraying tower for contacting sprayed botanical oil with hydrogen filled
within the tower, comprising a botanical oil spraying nozzle, a hydrogen gas inlet

and a botanical o1l outlet.

9. An apparatus for producing purified botanical o1l comprising;
a vertical botanical oil purifying column having activated carbon filled therein

comprising an aperture for botanical oil at the top part and the bottom part,
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wherein an activated carbon drop prevention means i1s mounted at said bottom
part, said activated carbon drop prevention means being formed by arranging a
plurality of blade members with spacings in between wherein the blade members
are 1n the shape of a truncated cone or pyramid with open upper and bottom ends
and closing the opening at the upper end of the uppermost blade member with a

closure member.

10. The apparatus for producing purified botanical oil according to claim 9
whereln the blade members have ejections on the upper or the lower surface to

form a spacing between the blade members.

11. The apparatus for producing purified botanical o1l according to claim 9 or 10
further comprising an activated carbon drop prevention means at the aperture at
the upper part of the column, and arranged so that the column can be turned

upside down.

12. The apparatus for producing purified botanical oil according to any one of
claims 9 to 11 further comprising an activated carbon separation device
comprising an inlet for introducing purified botanical oil and an outlet, and
having mounted inside a filter for removing activated carbon remaining within

the purified botanical oil.

13. A method for producing purified botanical o1l comprising allowing a raw o1l

obtained by squeezing plant seeds to transfer through the apparatus according to

any one of claims 9 to 12.
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