
1,089,093  stage can be much reduced and the economies  ditions the yeast
may be introduced and with-              in plant for this stage will
out-weigh the  drawn continuously or batchwise.               65.    costs
of the treatment stages. The reason for    Preferably the solvent extracton
is effectd              the increase in the rate of operation is that
while feeding solvent to  the extractor at a     the enzymes responsible
for the rupture of     periodically varying rate to create pulsations
5  the  cell walls operate more efficiently when  in the flow of said
liquid stream.              the proportion of hydrocarbons present is   The
pulses of the liquid passing through   70 low.
the solid material bring about oscillations and     The use of a step
involving rupturing the limited displacements of each grain of solid
10 cell walls in the process of the present inven-    material in relation
to its neighbours, and             tion has the advantage that the product
is  this is equivalent to a mechanical agitation             more easily
freed from hydrocarbons and  of the whole. For this reason the whole of
lipids than is the intact micro-organism.   the products to be extracted is
much more               The severity of the treatment for the rup-  rapid
and complete. 15  ture of cell walls will preferably be controlled
Suitably there is arranged in the feed of             to avoid conditions
which are more severe  the liquid stream a device which imparts to    than
is required to rupture the walls of a sub- it pulses whose amplitude and
frequency are  80             stantial proportion of the cells of the
micro-  regulated experimentally at the most favour-    organism. An
unnecessarily severe treatment  able value for each particiular case. These
will lead to a highly degraded product which  pulses are produced by any
suitable processes       is of reduced protein content, high flavour
already known, and preferably an alternating             and which is
deliquescent.                 pump is used whose valves have been re-  85
The proportion of water in the product of  moved.     this stage(that is,
from the rupture of the    Preferably the number of pulses lies be 25 cell
walls) is now reduced, either with or  tween 1 and 60 per minute. The
operation             without prior removal of all or  part of the   of the
process under the action of pulses is             cell wall material.
further described in British Patent Specifica-  90               The
reduction of the  proportion of water  tion No. 1,059,890.             may
be carried out by drum driers. Prefer-    Suitable solvents for use in the
process  30  ably steam  is admitted sufficiently slowly so   include ethyl
alcohol,  iso-propanol, light 



that the temperature of the exterior of the  hydrocarbons, including
benzene and light             drum is maintained at a low value for ex-
platformate fraction,  ethyl ether, acetone   95             ample
60-100[err]C and the quantity of water  chlorinated solvents and liquefied
petroleum        removed is limited to the amount required to  gases, such
as butane and propane.        35 permit misciblity of the solvent with thie
If desired a first extraction stage can be            partially dried
material. It is desirable to  operated using a polar solvent, for example
maintain the temperature of the exterior of  an alcoholic solvent, for
example ethanol or  100         the drum at a low value to avoid
degradation   isopropanol andl then the partially purified            of
amino-acids and polypeptides.            raffinate can be further treated
in a second     40   Another method of reducing  the proper-  extraction
stage using a hydrocarbon in solvent,            tion of water which may be
employed is  for example normal hexane or a light plat-
azetropic distillation in the presence of a   formate fraction or benzene.
105            suitable solvent, such as ethanol or isopro-  Preferably in
the second stage there is used            panol. Another method  which may
be em-  as solvent, a mixture of hydrocarbon in major    45 ployed in
washing with a suitable solvent  amount with a polar solvent in minor
amount.            such as ethanol or isopropanol.
Preferably there is used the azeotropic mix-     Preferably the product
from this stage con-  ture of hexane with isopropanol or ethanol.  110
tains 5 to 25%  by wt. of water.       If desired both extraction stages
can be oper-        This product, with or without an inter-  ated in
continuous manner.        vening refining treatment is extracted with  When
using a solvent consisting of a mix-   a solvent. This may be achieved by
con- ture of hydrocarbon and a polar solvent, it   tinuous solvent
extraction or by successive  is believed that the function or one function
115       washings with  solvent followed  by   phase  of the polar solvent
is to weaken the bonding           separation. Suitably the extraction is
carried   of the material to be extracted  (even the       55  out in a
stationary vessel equipped with   boning of hydrocarbons which are not
them-           paddle stirrers, preferably rotating  at less  selves
soluble in the polar solvent).   than 10 revs per minute or in a vessel
which By the use of any alcohol in the first stage  120      rotates on a
horizontal axis. When operating  of a two stage extraction as hereinbefore
de-      a continuous solvent extraction, the extract  scribed, the water
content of the material      60  is withdrawn continuously and distilled,
con- treated is considerably reduced. As a result           tinuously or
batchwise, at atmospheric or  the material which is fed to the second stage
reduced pressure, and solvent is continuously  has a sufficiently low
content of water to  125           fed back to the extrator. Under these
con-    ensure that the non-aqeous contaminants    



6                              1,069,093     which are still present are
miscible with the  tures will lead to some degradation of the     solvent
used in the second extraction stage.  product.     Each extraction stage
may consist of either          If the proportion of water in the micro-
one or more substages consisting of washing   organism derivative has been
sufficiently re-   5 with the solvent used in the stage followed   duced
before solvent extraction it will then     by separation.
usually be possible to operate the first ex-       If a single washining is
employed in the first  traction stage with only a single washing with
stage the amount of ethanol or isopropanol  an alcoholic solvent (and with
the use of a     which is used should be 1.5--3. times the   smaller amount
of solvent than would . be 10  volume of water which  is  present in the
required if  no drying had been place). If     material subjected to
treatment. However if  the proportion of water in the micro-organism 75
desired two washings with  ethanol or iso-  derivatives has been reduced
nearly to zero,     propanol may be employed using in the first  a first
extraction stage using a polar solvent,     washing a volume of solvent
equal to the   for example an alcoholic solvent is not neces- 15  volume of
water in the cream  or paste and  sary; in this case the single stage
extraction     in the second washing a smaller amount of   process can be
operated by the use of a     ethanol or isopropanol for example, one half
solvent which is entirely hydrocarbon or          of the amount used in the
first washing.     which is mixture of hydrocarbon and polar       Between
washings of each  stage or sub-  solvent, for example an alcohol, ketone or
20 stage the raffinate is allowed to drain,  for  chlorinated hydrocarbon.
example by filtering and part of the residual    In general it is desirable
to avoid drastic  85     solvent is then preferably removed by vacuum
methods for reducing the propoartion of water     filtration.
since this will lead to partial decomposition       In' the second stage
the amount of solvnet   of the micro-organism, for example by 25  used in
the (or each) washing will usually  destruction of vitamins and oxidation
of un-     be 2--20 times the volume of the resulting   saturated
compounds; furhermore the pro-  90     dry material.
ducts of decomposition will be soluble in the              Preferably the
final stage employed  for the   solvent used  in extractive   distillation
thus     removal of solvent is evaporation, suitably   being lost from
product or requiring fur- 



30  under reduced pressure and  suitably in a ther stages for their
recovery.     stream  of inert gas, for example, nitrogen or   A  yeast
which has been freed from  the     super-heated steam.
whole or part of its lipids and the contaminat-     By the use in the
second extraction stage   ing hydrocarbons by one of the methods de-
of a solvent which is a mixture of hydro-  scribed hereinbefore and whose
taste has been 35  carbon and a polar solvent the composition   improved is
a new industrial procduct of value     of the second stage solvent, which
will in any   for human nutrition.     case acquired polar solvent from the
first stage  The lipid extract which has been recovered     extraction, can
be stabilised.'  Build-up  of  by the evaporation of the solvent is also a
polar solvent can be avoided in the course  -new  industrial product which
can be used 40  of a distillation stage, in which the second   either as
such or as a raw  material for the     stage solvent is recovered by the
removal of  separation  of its sterols, fatty acid(either     separat
streams consisting of (a) polar   before saponification or after) or of its
other     solvent for recycle to the first extraction stage   constituents.
and (b) a mixture of hydrocarbon and polar    It is well-known that certain
petroleum 45  solvent for recycle to the second stage. Suit-  fractions,
particularly gas oils, contain     ably in a distillation stage the extract
ob- straight chain hydrocarbons, mainly paraffins     tained by the second
extraction stage is dis-  which are waxes and which have an adverse
tilled to recover (a) overhead a mixture of  effect upon the pour point of
the fraction:     hydrocarbon, polar solvent and water for re-  that is to
say, when these hydrocarbon are   50  cycle to the second extraction stage
and (b)   removed wholly or in part, the pour point          a bottom
fraction containing polar solvent,  of the fraction is lowered. Usually the
wax     water and the extracted materials; this frac-  is  removed by
precipitation by means of     tion is preferably blended with the extract
solvents, the wax origanally in the     obtained in the first extraction
stage before fraction being recovered as such, that is, with- 55  this  is
fed to distillation whereby all con-  out conversion to more valuable
products.     taminants recovered by. solvent extraction are   The
petroleum fractions boiling below the     removed as a bottoms fraction in
this distil-  gas oils for example, heavy naphthas and     lation stage.
Suitably the polar  solvent is  kerosines also contain straight chain
hydro-         ethanol or isoropanol. Suitably the second   carbons which
are potentially valuable for    stage solvent is azeotropic mixture.
conversion to other products but hitherto, in        Optimum contact time
will usually vary   general, utilisation of these hydrocarbons has
inversely with the temperature of extraction.  been rendered difficult by
the necessity of     it will usually be undesirable to use a tem-
recovering  these hydrocarbons from the     perature above 70[err]C  since
higher tempera-   petroleum  fractions, in which they are con-  



1,089,093       tained, before they can be converted to other     not
substantially reduced as the proportion       products.
of these hydrocarbons in the overall mixture  45       According to a
preferred feature of this  of hydrocarbons decreases (except, of course,
invention there is provide a process which  in the very final stages of
removal). Thus,   comprises cultivating and treating a micro-  when
desired, the percentage conversion of      organism in the manner as
hereinbefore de-  straight chain hydrocarbons which is achieved
scribed in the presence of a petroleum frac-  can be maintained at a value
approaching  50      tion consisting in part of straight chain hydro-  100%
without necessitating a very dispro-      carbons and having a mean
molecular weight  portionate expenditure of contact time to 10
corresponding to at least 10 carbon atoms   achieve small improvements.
Furthermore, in      per molecule, and in the presence of an   a continuous
process, this high percentage      aqueous nutrient medium; and in the
presence  conversion can be  achieved without resorting      of a gas
containing free oxygen and separat-  to the use of a long reaction path.
ing from the mixture, on the one hand, the     By the application of this
process under      micro-organism  and on the other hand, a  conditions
which limit the metabolisation of      petroleum fraction having a reduced
propor-  the straight-chain hydrocarbons it is possible      tion of
straight chain hydrocarbons or which  to operate with the removal of only a
desired  60      is free of said straight chain hydrocarbons.   proportion
of these hydrocarbons.  The process of the invention is of par-   Suitable
feedstocks to the process of the  20   ticular value for the treatment of
petroleum  invention include kerosine, gas  oils  and      gas oil
fractions which contain straight hydra- lubricating oils; these feedstocks
may be un-      carbons in the form of waxes, since by the  refined or may
have undergone some refinery  65      process of the invention a gas oil of
improved  treatment but must contain a proportion of      pour point is
obtained while the waxes are straight-chain hydrocarbons in order to fulfil
25  converted to a valuable poduct.              the purpose of this
invention. Suitably the        Usually  the straight-chain hydrocarbons
petroleum  fraction will contain 3-45%  by      will be present in the
feedstocks according   weight of straight-chain hydrocarbons.   70      to
the invention  as paraffins; however, the    Preferred methods for use in
the cultiva-      straight-chain hydrocarbons may be present  tion of the
micro-organism  and for the re- 



30 as olefins; also there may be used a mixture  covery of the product are
described in British      containing straight chain paraffins and olefins.
Patent Specification Nos. 914,567, 914,568,      It it an important feature
of this invention 1,017,584, 1.017,585, 1,021,67,  1,021698      that when
cultivating yeasts in the presence   1,049,065,  1,049,066, 1,049,067 and
in      of the feedstocks hereinbefore described under  1,059,881 to
1,059,890 inclusive.  35  conditions favouring the growth of the yeasts
at the expense the straight-chain hydro-              EXAMPLE      carbons,
the other hydrocarbons, for example    Candida lipolytica was cultivated in
a con-      isoparaffins naphthenes and aromatics are not  tinuous
fermenter (volume 120 litres) on an  80      metabolised or, at most, the
proportion which  Iraq gas-oil. The gas oil had an initial boil-  40  is
metabolised is very small. Furthermore, ing point of 280C, a final boiling
point of      unlike conventional  chemical   processes  388[err]C and
contained 13%  by weight.. of      governed by the law of mass action, the
rate  n-paraffins. The following aqueous nutrient      of removal of
straight chain hydrocarbons is  medium  was employed:-
85   (NH[err])[err]HPO[err]       2 grams/litre KCl
1 gram/litre Mg SO[err]7H[err]O              0.65 gram/litre ZnSO[err]
0.17 gram/litre MnSO[err] 10H[err]O             0.145 gram/litre
FeSO[err]7H[err]O                0.068 gram/litre Yeast extract
0.030 gram/litre Dissolved in tap water                         The medium,
containing 120 grams/litre  taining 300 grams/litre of gas-oil and 25
of gas-oil was fed to the fermenter at the  grams/litre of dry yeast) was
subjected to a              rate of 1.2 litres/hour. The pH was main-
decantation in which an upper phase consist- 



tined at 4 and the temperature at 30[err]C.  ing of residual hydrocarbon,
yeast and a little           5  The mixture in the fermenter was initially
water was separated from an aqueous phase  20              inoculated  with
0.5 grams of  Candida  containing the unconsumed mineral salts. The
lipolytica culture in  50 mls of aqueous  proportion of residual gas-oil in
the yeast              nutrient medium. The mean residence time  cream was
reduced by agitating the cream              was 5 hrs. at a dilution level
of 0.2. The  with an aqueous solution of a non-ionic sur-
cellular density rose to 8 grams/litre.      face-active agent consisting
of the nonyl- 25               The following purification stages were then
phenyl ether of a polyxy-ethylene polymer               carried out on the
yeast so obtained.       containing, on average, 8.75 ethylene oxide
units, and then centrfuging. The effect of              1. Treatment of the
yeast paste with a  various concentrations of surface-active agent
surface-active agent                       on the level of gas-oil in the
yeast cream is  30           15    The product from the fermentation (con-
shown below.   0.1            1.0 Concentration of surface-active agents
present  0     gram/litre      gram/litre % Residual gas-oil (based on
dried yeast)    39.3     18.1           3.0 Paste Number
-         I              II                The yeast pastes so obtained
were wished  2. Autalysing the Yeast Cream             once with water
(enough water was added to    The yeast pastes I and II obtained in Stage
35  reduce the yeast concentration to 1%  by 1 were each subjected to
autolysis at 55[err]C.              weight based on the dry material) and
the  for 3 hours with the pH held at 7.5. The              mixture
centrifuged again. The pastes so ob-  autolysis stage was more efficient,
as far as              tained contained about 85%  by weight of the amount
of protein solubilised was con-              water.
cemed, if the amount of gas-oil adsorbed on
the yeast had been reduced to less than               5-8%  by weight
(based on the dry material)                before autolysis, as is shownin
these figures: [err] I           II % gas-oil
18.1            3 Nitro content of autolysate (% weight)   11.5
12 Solubilised material (% weight of dry material) 7.5   15 



3. Drying the Pastes                 4. Solvent Extraction of the Paste
Con-              The autolysate obtained in Stage 2 con-       taining a
Reduced Amount of Water              tains 75-90%  water; the amount of
water    The pastes in which the proportion  of  65              was
reduced to less than 15%  weight before  water had been reduced by Method.
I were          55  extraction with a water-immiscible solvent.  washed a
number of times with an azeotropic             Two methods of drying were
used            mixture of hexane (80 parts) and isopropanol
(1) Rotary dryer under the following con-  (20 parts) (3 litres of mixed
sovent per kg.                  ditions:                       of dry
material). The temperature was main-  70                  Drum  rotation
rate 5 r.p.m.           tained at 55[err]C and the mixture was stirred
60     Temperature of the steam=80-100[err]C   for about 20 mins during
each washing.               (2) Washing with a hydrophilic solvent    The
residual lipid and hydrocarbon con-                  such as isopropanol.
tents of the nitrogenous material so obtained    [err]
were compared with their level in materials        in the other, the yeast,
was neither autolysed             prepared by the same method except that,
nor treated with surface active agent. The                           in one
case, the yeast was not autolysed and,      following results were
obtained.        Not treated  Treated      Treated       with         with
with       Surface-     Surface-     Surface-       active       active
Agent active Agent 



Agent or     but not      and       Autolysed    Autolysed    Autolysed
Nitrogenous Material % water (by weight) 20           17           18
before extraction % hydrocarbon (by weight)20      1.4           3       %
lipids (by weight)  40         12        10       Extracted with        No.
of washings       7            7            5       solvent       % of
hydrocarbons (by weight)1.0   0.3    0.3       % of lipids (by weight) 6.4
5.3     4        [err]              It can be seen that the case where the
yeast    the proportion of water in the product of the            was both
treated suface-active agent and       autolysis stage is reduced by washing
with          10 autolysed gave a nitrogenous product which    the
hydrophilic solevnt (see Stage 3 Method            contained after two
fewer washings, the  2) rather than by Method 1 prior to solvent
lowest levels of hydrocarbon and lipids.     extraction.              If a
nitrogen product containing an even     The results of this are shown
below:        20            lower proportion of lipids is required then
Material before extraction        % water by weight                 70
% hydrocarbon by wt                3.7       % lipids by wt.
12        After extraction with isopropanol and 7  % of hydrocarbon bt wt.
0.7       washings with hexane/alcohol       % of lipids by wt.
0.7               WHAT WE CLAIM IS:-                             duced
proportion of water to solvent extrac-              1. A process which
comprises cultivating  tion wherein an extract containing at least
a hydrocarbon-consuming micro-organism in part of the lipids of the
micro-organism to-          25  the presence of a feedstock comprising  or
gether  with  hydrocarbon contaminants is            consistsig of a
hydrocarbon on which the separated from a raffinate fraction containing  45
micro-organism is capable of growth, separat-  nitrogenous material.
ing from the product a cream or paste com-     2. A process according to
claim 1 in which            prising the micro-organism, water and option-
the micro-organism is a yeast. 



ally small amounts of residual feedstock,    3. A process according to
claim 2 in which            thereafter subjectining the  cream  or paste,
the yeast is of the family Cryptococcaceae.   50            either directly
or after reducing the propor-    4. A process according to claim 3 in which
tion of residual feedstock if present to treat-  the yeast is of the
sub-family Cryptococ-            ment to rupture at least some of the cell
walls  coideae.            and  thereby  liberate nitrogenous material,
5. A process according to claim 4 in which            thereasfter reducing
the proportion of water  the yeast is of the genus Torulopsis..       55
in the product from the rupture of the cell    6. A process according to
claim 4 in which            walls or a fraction  derived  therefrom and the
yeast is of the genus, Candida.            comprising niitrogenous
material, and there-  7. A process according to claim 6 in which
40  after subjecting the fraction containing  a re-   the yeast is Candida
lipolytica.             10                                    1,089,093
8. A process according to any of the pre-    19. A  process according to
claim  1 in     ceding claims in which the yeast is grown  which the
hydrocarbon is n-hexane, benzene     in the presence of a nutrient medium
con- or light platformate fraction.     taining extracts of yeast
20. A process according to claim 17 in 5    9. A process according to claim
1 in which  which the solvent comprising a hydrocarbon     the
micro-organism is a bacterium.      is an azeotropic mixture of a
hydrocarbon       10. A process according to any one of the  and a polar
solvent.     preceding claims in which the feedstock is of    21. A
process according to claim  16 in     petroleum origin.
which the extraction with a solvent compris-     11. A process according to
any one of the     ing a hydrocarbon is preceded by an extrac-
preceding claims in which the micro-organism    tion with a polar solvent.
is cultivated in the presence of a feedstock  22. A process according to
any of the pre-  55     consisting wholly or in part of straight chain
ceting claims in which the micro-organism  is     hydrocarbons.
cultivated in the presence of a petroleum 15    12. A  process according to
any of the  fraction consisting in part of straight chain     previous
claims in which the method of  hydrocarbons and having a mean molecular 



rupturing the cell walls is by  autolysis,  weight corresponding to at
least 10 carbon 60     plasmolysis or hydrolysis.                 atoms per
molecule, in the presence of an     13.  A  process .according to claim 12
in  aqueous nutrient medium and in the presence 20  which the autolysis is
performed under mild  of a gas containing oxygen and sept-     conditions
so that only some of the cell walls  in from the mixture, on the one hand,
the     are ruptured.                              micro-organism and, on
the other hand, a       14. A process according to any one of the
petroleum fraction having a reduced propor-     preceding claims in which
the method of   tion of straight chain hydrocarbons or which 25  reducing
the proportion of water is by means  is free of said straight chain
hydrocarbons.     of a drum dryer, by means of azeotropic dis-    23. A
process according to claim 22 in   tillation in the presence of a suitable
solvent  which the petroleum feedstock is a wax-con-  70     or by means of
washing with a suitable, taining gas-oil and there is separated from
solvent.                                   the product of the cultivation a
gas-oil hav- 30  15. A process according to claim 14 in- ing a reduced
proportion of wax or which is     which the solvent is ethyl alcohol or
iso-  free from said wax.     propanol.
24. A process substantially as hereinbefore     16. A process according to
claim 10 in described with reference to the foregoing     which the
fraction containing a reduced pro-   Example. 35  portion of water is
extracted with a solvent    25. A micro-organism or a fraction derived
comprising a hydrocarbon.                  from a micro-organism whenever
produced       17. A  process according to claim 16 in  by a process as
claimed in any of the pre-     which the solvent comprising a hydrocarbon
ceding claims.     is a mixture of a hydrocarbon and a polar    26. An
extract whenever produced by a 40  solvent
process as claimed in any of 1-23.       18. A  process according to claim
17 in     which the polar solvent is ethanol or iso-
Agent for the Applicants,     propanol.
Chartered Patent Agent.    


