
4                                   1,059,884
f                  of the recovered aqueous phase can be re-  actant, and
the rest is sent to the salt water                 cycled. Thus it will
usually be possible to  used for washing with a view to reducing its
separate ca. 96% by wt. of the aqueous phase  salt concentration. Finally
the yeast may be                 which is present in the product, of which
on  dried under conditions suitable for its subse-              5  the same
percentage basis, ca. 20% by wt. will  quent use as a foodstuff.
70                 be discarded. The recycle stream is supplied    Other
steps which may be taken to obtain                 with make-up  quantities
of the  necessary  a  purified  micro-organism  or a product
nutrients and is returned to the fermenter; if  derived therefrom or to
improve the process                 desired the make-up materials may be
fed to  in respect of the  production of the un-              10  the
fermenter as a separate stream.         metabolised hydrocarbon fraction
are described  75  The process, as applied to the cultivation  in the
applications set out hereinafter.                 of a yeast, may
incorporate product separa-    The recovered unmetabolised hydrocarbon
tion stages as follows. In some cases micro-  with or without an
intervening refining stage                 organisms other than yeasts may
be separated  is subjected to hydrogenation. in this manner.
Suitable catalysts for use in the hydrogena-  80                   By
centrifuging the product from the fer-  tion stage are compounds of cobalt
and molyb-                 menter three fractions are recovered. These
denum  with or without iron, nickel metal,                 are in order of
increasing density: -       nickel/tungsten sulphide, or any other con-
(i) an oil phase containing yeast cells  ventional hydrogenation  or
desulphurising              20    (ii) an aqueous phase containing traces
[err]  catalyst.                                 85
of oil and yeast, and             Preferably hydrogenation will be carried
out                   (iii) a yeast "cream" consisting of yeast,  under the
following conditions.                       having a quantity of oil fixed
on to    The temperature may lie in the range                       the
cells, together with aqueous phase.  100-500[err]C according to the
catalyst; pres-              25   After recovery of fraction (ii), fraction
(iii)  sure from 10-70 Kgs/sq. cm; space velocity  90                 or a
blend of fractions (i) and (iii) is mixed  from  1-10 vol/vol/hour,
hydrogen/hydro-                 with an aqueous solution of a surfactant.
carbon mol ratio in the range 0.1/1 to 5/1.                   The purpose
of this treatment is to separate  The hydrogenation stage may be carried
out                 the oil from  the yeast cells; the oil being  in
liquid, gas or mixed phase.              30  apparently held to the cells
by adsorption.    Steps which may be taken to obtain a puri-  95
It may be advantageous to employ an  fied micro-organism  or a product
derived                  edible surfactant, for example a saccharose
therefrom or to improve the process in respect 



ester, which makes it possible to reduce the  of the production of the
unmetabolised hydro- subsequent washing required to remove from   carbon
fraction are described in the follow-              35  the yeast a
surfactant which is not edible.  ing applications; the use of any process
step 100                   The emulsion so formed is broken down  or steps
therein described in association with                 by centrifuging to
obtain three fractions.  the process herein described lies within the
(iv) an oil phase                   scope of the present invention.
(v) an aqueous phase containing surfactant,    Preferred methods for use in
the cultiva-          40             which phase is recycled for the treat-
tion of the micro-organism  and for the re- 105                    ment of
fractions (i) and (iii), and   covery of the product are described in
British                    (vi) a yeast "cream", consisting of yeast
Patent Specification No. 914567, 1021697                       still
contaminated by oil together with  and 1021698-also in British Patent
Appli-                       an aqueous surfactant phase.          cation
Nos: -              45   In order to reduce as far as possible the
Serial Nos.          110                  consumption of surfactant
product, the aqueous         49049/62   1,059,881                  washing
solution containing it is recycled.            49050/62   1,059,882
Fraction (vi) may be further treated by              49052/62   1,059,883
alternate washing with surfactant and centri-         49056/62   1,059,885
50  fuging until the oil content of the yeast has          49057/62
1,059,886              115              reached a desired  low  value.  The
yeast      49060/62  1,059,887                  "cream" now consisting of
yeast and aqueous           49061/62   1,059,888
surfactant may now be washed with water                49063/62   1,059,889
and again centrifuged. If desired two or more           2234/63   1,059,890
washings may be given to this yeast "cream".           25210/63   1,049,065
120                  If desired, one or more of these water wash-
19918/63                  ings (but preferably not the last) may make
The invention is illustrated but not limited       use of salt water (for
example [err] water);  with reference to the following examples.
preferably the final wash is with soft water.    Throughout these examples
cellular density              60  With a view to economising the soft water
is expressed as dry weight of yeast per litre 125
necessary for the process, the whole of this  of culture.
water coming from  the last washing is em-                  ployed for
making up the nutritive medium                   EXAMPLE 1
for the fermentation, where necessary at the    40 litres of an aqueous
mineral nutrient              65  stage of washing with the solution of
surf-  medium having the composition given below       



were introduced in a stainless steel fermenter  ml. of non-metabolised
gas-oil was obtained                   having an effective capacity of 60
litres,  by centrifuging at +5[err]C. The characteristics  65
In order to keep the temperature in the  of this residual gas-oil are given
below:                   fermenter constant at 30[err]C, water was circu-
Density 15[err]C/4[err]C                    0.890                      latd
in an annulus constituted by the space  Flash point Afnor [err]C     above
120                   between two concentrical cylinders, the smaller
Cloud point   [err]C         +5                   one being the fermenter
itself.               Pour point       [err]C           - 13         70
The aqueous nutrient medium had the com-    % N-paraffins, by wt.
2.1        position:-                 Saybolt distillation:-
[err]C               10                                    grams
Initial boiling point         248 75         Diammonium phosphate   -
2          5 %                            300                     Potassium
chloride   - -       1.15        50%                           368
75                     Magnesium sulphate, 7H[err]O         0.65        70%
381                     Zinc  sulphate    - -           0.17        90%
395               15    Manganese sulphate, 1H[err]O  -       0.045
95%                     402      Ferrous sulphate, 7H[err]O   -  0.068
Final BP                above 405                     Yeast extract  -  -
-     0.025     % Residual, volume                1         80
Tap  water   -   -   -   -   200          % loss in volume
0                     Distilled water add. 1000 ml.               The
gas-oil recovered was washed with               20    20 litres of
inoculurn from a 24 hr. culture  water and dried by means of phosphorus
of Candida lipolytica  on mixed  C[err]-C[err]  pentoxide.
normal paraffinic  hydrocarbons were  then    It was then passed over 100
ml. of a con-  85                   added such that the cellular density
was about ventional Co/Mo hydrogenation catalyst at a                   1
gram/litre.                              rate of 400 ml. per hour at
390[err]C and a               25    1.03 litres of heavy gas-oil, (15
grams/litre  pressure of 70 Kg/sq. cm., with hydrogen     of fermenter)
were then introduced into the  at 100 ml. per hour.
fermenter, that is enough to carry the cellular    After treatment the
gas-oil showed a cloud     density to 2 grams/litre.  point of - 10[err]C.
90                      The temperature of the: culture was con-
30 trolled at 30 1[err]C, pH 4, agitation  and                EXAMPLE 2
aeration were such that the rate of aeration    A 5 litre fermenter
containing 3 litres of                    was 3 millimoles 0, per litre of
medium per  culture medium containing Candida lipolytica
minute. An automatic pH  controller added  was continuously fed at a rate
of 300 ml./hr.   95                    10N ammonia.
with a medium containing 10%  by weight of     35    When the flow of
ammonia reached 20 ml. heavy gas-oil emulsified in 90%  of a mineral
the batchwise addition of gas-oil was saturated  medium as given in Example
1. 



at a rate determined by the theoretical needs  The gas-oil feed had the
following charac-                    of   the culture,   assuming   a
yield  teristics :-                                 100
dry wt. of yeast produced              Density 15[err]C/4[err]C
0.875                    (100X[err]   )of 10%   Pour point [err]C
+17                 gas-oil required                 Cloud point [err]C
+20               40 and a cell division time of 3 hours. This addi-
Sulphur, %  wt.1.6     tion took place cvery hour until a total of
N-paraffins, % wt.             12        105                250 grams/litre
of gas-oil had been added, i.e.    Afnor flash point [err]C     135
17 litres.                       Saybolt distillation: -
[err]C      110       Starting with a cellular density of 2 grams/ Initial
BP                         139              45 litre, after 25 hours (at
the  end of the ex-    5%                          304
ponential growth phase) a  cellular density of    50% 362
110                    18grams/litre was obtained.                 95%
398                      Characteristics of the heavy gas-oil used:-
Final BP             above 400       Density l5[err]C/4[err]C
0.876    Residual volume %                  Flash point Afnor [err]C  above
120      Loss in volume %                                0
Cloud point [err]C    +20       The pH was held at 49.1 by the automatic
115                       Pour point       [err]C           + 18
addition of 10N  ammonia using a suitable                       %  wt.
N-paraffins             10        apparatus. Temperature was maintained at
120         Saybolt distillation: -           [err]C         30[err]C, and
agitation and aeration were such                55    Initial boiling point
221         that the aeration rate was 3 millimoles 0,
5%                            228        per litre of medium per minute.
120                      50%                          363        The
cellular density became stabilised at                      95%
402        the end of a few days at 10 1 gram  dry  Final BP
above 405        matter per litre. Sufficient culture was then
60  % Residual, volume                1         withdrawn  to  obtain  300
ml.  of  non-                    %  loss in volume       0
metabolised gas-oil by centrifuging at +5[err]C. 125
At 25 hours a quantity .of culture was with-    The residual gas-oil had
the following nutrient           drawn  from  the fermenter, from  which
300  characteristics: -                    1,059,884
Density 15[err]C/4[err]C               0.888    preceding claims in which
the hydrogenation 



Pour point C                 -5          temperature lies in the range
100-500[err]C.   Cloud point [err]C                    +21          5. A
process according to any one of the  50   Total Sulphur, % wt.         1.95
preceding claims in which the hydrogenation              5    N-paraffins %
wt.           2.1      is carried out at a pressure in the range 10-
Afnor flash point [err]C      150         70 kgs/sq. cm.
Saybolt distillation:-                        6. A process according to any
one of the                    Initia BP                     265
preceding claims in which the hydrogenation  55                    5%
310         is carried out at a hydrogen/hydrocarbon mol             10
50%                           365         ratio in the range 0.1/1 to 5/1.
95%                           398           7. A process according to any
one of the Final BP                above 400         preceding claims in
which the hydrogenation                 Residual volume %                 1
is carried out at a space velocity in the range  60                 Loss in
volume %                  0         1-10 vol/vol/hour.             15
This non-metabolised gas-oil was hydro-    8. A process according to any
one of the                 genated as described in Example 1.
preceding claims in which the micro-organism
which is cultivated is a yeast.                    The cloud point was
lowered from +21 to    9. A process according to claim 8-in which  65
0[err]C.                                    the yeast is of the family
Cryptococcaceae.
10. A process according to claim 9 in                   WHAT WE CLAIM IS: -
which the yeast is of the sub-family Crypto-             20    1. A process
which comprises, in a micro- coccoidae.                 organism growth
stage, cultivating a micro-   11. A process according to claim  10 in  70
organism capable of growth in the presence  which the yeast is of the genus
Torulopsis.                 of a hydrocarbon feedstock consisting of a
12. A process according to claim 9 in which                 mixture of
straight chain hydrocarbons with  the yeast is of the genus Candida.
25  other hydrocarbons  wherein  said  micro-    13. A process according to
claim  12 in                 organism is cultivated in the presence of said
which the yeast is Candida lipolytica.  75                 feedstock; in
the presence of an aqueous    14. A process according to any one of
nutrient medium; and in the presence of a gas  claims 1-7 in which the
micro-organism is a                 containing free oxygen, thereafter
separating  bacteria.             30  the micro-organism  from  the
hydrocarbon    15. A process according to any one of the
residue  and  subjecting  said  hydrocarbon  preceding claims in which the
feedstock is a  80                 residue to hydrogenation.
petroleum fraction.                    2. A process according to claim 1,
for the    16. A process substantially as hereinbefore
removal, wholly or in part, of waxes from a  described with reference to
either of the fore-             35  wax-containing petroleum gas oil,
wherein the  going Examples.                 feedstock is a wax-containing
petroleum gas   17. A micro-organism whenever produced  85
oil and wherein there is recovered, from the  by a process as claimed in
any one of the                 product of the growth of the micro-organism,
preceding claims. 



a gas oil of reduced content of wax, the gas    18. A hydrocarbon fraction
whenever pro-             40  oil thereafter, with or without an
intervening  duced as a hydrocarbon residue by a process
refining treatment, being hydrogenated whereby  as claimed in any one of
claims 1-16.  90                 the cloud point is reduced.
19. A gas oil whenver produced as a hydro-                    3. A process
according to claim  1 or 2  carbon residue by a process as claimed in any
in which the hydrogenation is carried out in  one of claims 1-16.
45  the presence of a catalyst containing cobalt and         J. WOOLARD,
molybdenum.                                          Agent for the
Applicants,                    4. A process according to any one of the
Chartered Patent Agent.           Leamington Spa: Printed for Her Majesty's
Stationery Office by the Courier Press.-1967.    -           Published at
The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained                                Density
15[err]C/4[err]C                0.888    preceding claims in which the
hydrogenation        Pour point [err]C            -5         temperature
lies in the range 100-500[err]C.                        Cloud point [err]C
+21           5. A process according to any one of the  50
Total Sulphur, % wt.           1.95     preceding claims in which the
hydrogenation                  5    N-paraffins % wt.              2.1
is carried out at a pressure in the range 10-                        Afnor
flash point [err]C          150        70 kgs/sq. cm.
Saybolt distillation:-        [err]C        6. A process according to any
one of the                        Initial BP                   265
preceding claims in which the hydrogenation  55                        5%
310        is carried out at a hydrogen/hydrocarbon mol                  10
50%                           365        ratio in the range 0.1/1 to 5/1.
95%                          398          7. A process according to any one
of the                        Final BP               above 400
preceding claims in which the hydrogenation                      Residual
volume %                1        is carried out at a space velocity in the
range  60                      Loss in volume %                 0
1-10vol/vol/hour.                  15    This non-metabolised gas-oil was
hydro-   8. A process according to any one of the
genated as described in Example 1.        preceding claims in which the
micro-organism       which is cultivated is a yeast.             The cloud
point was lowered from +21 to   9. A process according to claim 8 in which
65 the yeast is of the family Cryptococcaceae.                        WHAT
WE CLAIM IS: -                      10. A  process according to claim  9 in



which the yeast is of the sub-family Crypto-                 20    1. A
process which comprises, in a micro-  coccoidae.
organism. growth stage, cultivating a micro-    11. A process according to
claim  10 in  70                 organism capable of growth in the presence
which the yeast is of the genus Torulopsis.                      of a
hydrocarbon feedstock consisting of a    12. A process according to claim 9
in which                      mixture of straight chain hydrocarbons with
the yeast is of the genus Candida.                  25  other hydrocarbons
wherein  said  micro-   13. A process according to claim  12 in
organism is cultivated in the presence of said  which the yeast is Candida
lipolytica.  75                      feedstock; in the presence of an
aqueous    14. A  process according to any one of
nutrient medium; and in the presence of a gas  claims 1-7 in which the
micro-organism is a                      containing free oxygen, thereafter
separating  bacteria.                  30  the micro-organism  from  the
hydrocarbon   15. A process according to any one of the
residue  and  subjecting  said  hydrocarbon  preceding claims in which the
feedstock is a  80                      residue to hydrogenation.
petroleum fraction.                        2. A process according to claim
1, for the    16. A process substantially as hereinbefore
removal, wholly or in part, of waxes from a  described with reference to
either of the fore-                  35  wax-containing petroleum gas oil,
wherein the  going Examples.  feedstock is a wax-containing petroleum gas
17. A micro-organism  whenever produced  85                      oil and
wherein there is recovered, from the  by a process as claimed in any one of
the   [                      product of the growth of the micro-organism,
preceding claims.                      a gas oil of reduced content of wax,
the gas    18. A hydrocarbon fraction whenever pro-               - 40  oil
thereafter, with or without an intervening  duced as a hydrocarbon residue
by a process                      refining treatment, being hydrogenated
whereby  as claimed in any one of claims 1-16.  90                      the
cloud point is reduced.                 19. A gas oil whenver produced as a
hydro-               3. A process according to claim  1 or 2  carbon
residue by a process as claimed in any                      in which the
hydrogenation is carried out in  one of claims 1-16.                45  the
presence of a catalyst containing cobalt and       J. WOOLARD,
molybdenum.                                        Agent for the
Applicants,                        4. A process according to any one of the
Chartered Patent Agent.                Leamington Spa: Printed for Her
Majesty's Stationery Office by the Courier Press-1967.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2,
from which copies may be obtained    


