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and the method by which it is to be performed
to be particularly described in and by the

+ following statement: —

This invention relates to a process for the
removal, to a controlled extent, of straight
chain hydrocarbons from mixtures of said hy-
drocarbons with other hydrocarbons.

* It is well-known that certain petroleum frac-
tions, particularly gas oils, contain straight
chain hydrocarbons, mainly paraffins which are

- waxes and which have an adverse effect upon

the ‘pour point of the fraction; that is to say,
when these hydrocarbons are removed, wholly
or in part, the pour point of the fraction is
lowered. Usually the wax is removed by pre-
cipitation by means of solvents, the wax orig-
inally present in the fraction being recovered

as such, that is, without conversion to more
. valuable products.

The petroleum fractions boiling below the
gas oils, for example, heavy naphthas and
kerosines also contain straight chain hydrocar-

- bons which are potentially valuable for conver-

sion to other products but hitherto, in general,
utilisation of these hydrocarbons has been ren-
dered difficult by the necessity of recovering

these™ hydrocarbons from the petroleum frac-
tions, in which they are contained, before they

can be converted to other products

According to the present invention there: is
provided a process which comprises cultivating
a straight chain hydrocarbon-consuming mi-
cro-organism in the presence of a hydrocarbon
feedstock containing straight chain hydrocar-
bons and other hydrocarbons, in the presence
of an aqucous nutrient medium, and in- the
presence of a gas contammg free oxygen,

: _[Pncedi: dd]
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Preferably the hydrocarbon feedstock con-
tains C;, or higher hydrocarbons.

In batchwise operation the overall amount
of the essential component and/or the overall
amount of oxygen will be controlled to give
the desired consumption of straight chain hy-
drocarbons.

In continuous operation the rate of feed

.of the essential component and/or oxygen will

be subject to this control.

Micro-organisms which are cultivated as
herein described may be yeasts, moulds or bac-
teria. Within the term ¢ micro-organism ’ used
herein we include mixtures of micro-orga-
nisms.

The yeasts in this specification are classified
according to the classification system outlined
in “ The Yeasts, a Taxonomic Study” by J.
Lodder and N. J. W. Kreger-Van Rij, pub-~
lished by North Holland Pubhshmg Co.
(Amsterdam) (1952),

Preferably when a yeast is employed this
is of the family Cryptococcaceae and particu-

larly of the sub-family Cryptococcoideae; how-
ever, if desired there may be used, for exam-

ple, yeasts of the sub-family
Cryptococcoideae sub-family are  Torulopsis
(also known as Torula) and ‘Candida. Preferred
strains of yeast are as follows. In particular
it is preferred to use the specific stock of
indicated Baarn reference number; these refer-

-ence numbers refer to CBS stock held by .the

Centraal Bureau vor Schimmelculture, Baarn,
Holland and to INRA stock held by the Inst-
tut National de la Recherche 'Agrononnque,
Pans, France ' ]

ascoporogeneous
Saccharomycoideae. Preferred genera of the:
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anpl e gas oils,
I n the presence
Pat etermgresrrgree
SpeC|f|cat|on No. 1059884
(NH err])[err]HPO err]

are further treated by hydro-
~genation,

m&p‘&.-ygag
“or by caustic wash,

contai ning 14%
as described in

n- par af fins)

British

"3 5" T s, R RS N
conp03|t|on .
2 grams Kd

1. 15 grans I\/gSCIerr].?H[err]O 0. 65 gram ZnSCIerr] H[err]O
0.17; gram : : MSJerr].Herr]O
0.045 ggam ¥eSOerr].7H: errlO 1095183 0 068 gram  Yeast Extract ____
0.025 dram,. Tap .water ® 1000 m's. and in the F agus
presencé’of»alr “Fhe yeast was . PEeRARP(SErail ' & whe
60 cultivated in a eontimoousS—t+itre—fermemter: The—amourt of . - whe
phosphorus, ‘in the for rP%&@ﬁple 1 the phosphorus in t he nedlun5"ﬁz
of di - annDnlun1hydrogqgmmmpsphate pulthérii@a Was vaseo in Experlnent 2 ; - (Ba
the potassium pediumwas varied in a series.of fermentations : i S
concentration and in ESeadigd e 3 the Whbunt . performed at pH 6, at a - 81O
dilution rate of 0.1 §§ gxygen supphi egh f d o P
d kb i | QpgRgf or was and at a9
tenperature of . 30[err] l{The dilution Varied. The pur pose of- varylng ﬁﬁ
t he annunts rate is tCwedidati o of th@mﬂwolune of fB8®tlock 55 of these ! ]
Ugfﬁ;gagf was so that,%&&kégient efquﬁwato the_f%%gqggerlhour te.the_2 :§.. ;i
A Hansenula B anomala CBS 110 . 1 ;?p:
3 ' o : v 28-
. Oidium . lactis g
Neurospora .sitophﬂa : 20 ;v;v:ﬂ
 Mycoderma cancoillote INRA Reference STV 11 =

If desired the micro-organism may be a
~ av mould, for example Penicilliuth expansum, or
B a bacterium.

3 - 5 The bacteria mentioned in this spec1ﬁcat1on
are classified accordmg to the classification sys-
tem. outlined in * Bergey’s Manual of Determi-
.- native Bacteriology” by R. S. Breed, E. G.
* D. Muray and N. R. Smith, pubhshed by
Bailliere, Tindali and Cox (London) 7th Edi-
. tion (1957).

4 ' Suitably the bacteria are of one of the
orders: —

15 mycetales.

Preferably the bacteria which are employed
are of the family Beeillacteae and Pseudomona-
N . .. daceae. Preferred species are Bacillus megater-
: o 1um, Bacillus subtilis and Pseudomonas aeru-
) 200 gmi)sa Other strains which may be employed
7 include: =

ﬁqc.'r“ aceae

. . Bacillus amylobacter

. Pseudomonas natriegens

.. ‘Arthrobacter sp.

© . Micrococcus sp.

..i;.. Corynebacterium sp..

.. Pseudomonas syringae

“ . Xanthomonas begoniae

.. Flavobacterium devorans

" Acetobacter sp.
Actinomyces sp.
Nocardia opaca

eyt

" Micro-organisms, and in particular yeasts,
when first cultivated with the use of hydrocar-
bon fractions as feedstock sometimes grow with
difficulty and it is sometimes necessary to use
an ‘inoculum of a micro-organism which has

Pseudorhonadales, Eubactenales and 'Actino-.

Of the above Candida lipolytica is particularly preferred.

previously been adapted for growth on the
hydrocarbon fraction which it is intended to
use. Furthermore the micro-organism although
cultivated in the presence of an aqueous miner<

al medium containing the appropriate nutrient
elements may grow with difficulty, because the.
. hydrocarbon fraction does not. contain the
growth factors which exist in carbohydrate -

40

feedstocks, unless these growth factors are |

added.

The growth of the micro-organism used is -

favoured by the addition to the culture me-

‘dium of a very small proportion of extract

of yeast (an industrial product rich in essential
nutrilites, that isy growth factors, obtained by
the hydrolysis og a yeast) or more generally

of the essential nutrilites, The essential nutri- .
lites include biotin; pantothenic acid, nicotinic
acid, th:amme, inositol and pyndoxme The
 quantity of yeast extract added is preferably .

"of the order of 25 parts per million. The
quantity of each nutrilite required varies -
between about 0.1 parts per million for biotin -

and about 10 parts per million for inositol.
The growth of the micro-organism takes
place at the expense of the feedstock fraction

" with the intermediate production of bodies
having an acid function, principally fatty acids,

in such manner that the pH of the agueous

" mineral- medium progressively diminishes. If

one does not correct it the growth is fairly
rapidly arrested and the’ concentration of the
micro-organism in the medium, or cellular

density, no longer increases so that there is

reached a so-calitd stationary phase.
Preferably therefore the aqueous nutrient
medium is maintained at a desired pH by

the step-wise or continuous addition of an
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the renoval of n-paraffins fromthe gas-oil. liquid phase). The quantity
of gas-oil present could be controlled and in this way products in the
Me 0T BT Bas e D O e e = et e e oo e e oo o e e S 6 S o AT 5 Mty Ea 1Y B A
ducts fromeach fernmentation were obtained: 6
1, 095, 1%3- L Di - ammoni um Hydr ogen Phosphat e
Concentration Cel I ul ar Pour Point- in
mediumg | - Densi ty (ori gingd | |
(gransLu\_t re) . __@grans/litre} .I’Bgi.’%%rrg..g% N — %
10 - 1. aquBous medium- of high pH value. Usually, to @rovide oxygen, should be present i?g.he
-2 '0. 5 when using moulds or yeasts arj_t?in particular form of bubbles under the action of stir-
0. 25i 21 when using iCandida lipolytica, the p the ring. The air may be introduced through a
' l nutrient medium will be maintaine the sintered surface, However there may be used 25
. 5. range 3—6 and preferably in the range 4—S5, the system of intimate aeration known as
: (Bacteria require a higher pH usually 6.5—8). “ vortex aeration.”
i Suitable alkaline materials for addition to the It has been found that by the use of yeast
; . growth mixture include sodium hydroxide, po- of the strain Candida lipolytica in a process
2 tassium’ hydroxide,disodium hydrogen phos- according to the invention in which aeration 30°
. 10 phate and ammonia, either free or in aqueous is effected by “ vortex aeration,” a high growth :
L solution. ' : rate is achieved whereby the generation times
-~ The optimum temperature of the gro lies in the range 2—5 hours and the cell con-
; mixture will vary according to the type of centration is increased by a factor of up 1o
1 _micro-orgarism employed and will usually lie 1000 in two days, - 35
! 15 "in the range 25—35° C. When using Candida  For the growth of the micro-organism it
i Tlipolytica the preferred temperature range is will be necessary to provide, in addition to-
! 28—320C, the feedstock, an aqueous nutrient medium and
' The take-up of oxygen is essential for the a supply of oxygen, preferably in the form '
.t growth of the micro-organism. The oxygen of air. 40
" 20 will usually be provided as air. In order to ‘A typical nutrient medium for the growth .
_maintain a rapid rate of growth the air, used . of Nocardia has the following composition: —
(NH,80, _ 1 gram
' the .' MgS0,.7TH,0. _ -0.20 gram -
ded to . . . :
though ~ 40 FeS0O,.7H,;0 0.005 gram
miner- MnS0,.1H,0 "~ 0.002 gram
arrient _
use the KH,PO 2
in the e oo grams
1y drate 45 NazHPO4c7H20 N 3 gtams
s are ' _
CaCl; 0.1
1sed is ’ ? gram
e me- Na,CO 0.1
:xtract - 50 e gram :
sential Yeast Extract 0.008 gram
ted by b :
aerally A Distilled water (to make up to 1000 mls.)
‘nutrl- b
totinic 55 . E : _
. The 4 For other bacteria a suitable nutrient medium has the
erably . . composition: .
. The F
-varies B
biotin. g9 . KH,PO,- 7 gramas
"takes MgSO,.7H,0 - 0.2 gram
action S e
>odies .NaCl - 0.1 gram
acids, &5
ueous NH,Cl 2.5 gram
es. If ]
faigly . tap water. (trace elements) 100 mis
f the : : ' o N
dlular 70 Yeast extract . 0.025 gram
’ made up to 1000 mls with distillated water
itrient . e e
H by
f an 75 |
!




EXAMPLE 2

The anount of potassium

10
in the form of

be obrarmed:
pH 5 i

30[err]

POCaS ST I citBr 7 de;
the concentration.of the amon-

7=

i ym hydr ogen phosphate in the medium
0.1 and at a tenperature -
C. The

be between 0.7

in cellglar

of ithe

*ésultrng ¢

mas reduced over this

obt ained using the varrou§m?%ﬁ%%htra~
tions of potassiumis shown- helnmr '

It can be seen that good control

pour

of the
pornt of the product could

to

and 0.25 grans/litre. There

quantity of gas-oil presep 9i§§ 15 ~was only a snal
dpﬁm ty..when.. the. 4.@:,9,4___

t he phdsphat e | evel

——

in a serres of fernentatrons perforned at
6, at a dilution rate of
of.
drop'

ing results for t he pour pornts.

nge.A suitable nutrient medium for yeasts (and moulds) has the gas-o0ils

anas&ntun Chlorr

Concentrati on CBII@UE} ~ Pour Point 2 grams
medi um, Densrty . (orrgrnally '
(grans/lrtre) _ aﬁ%&lrtre +16 C.) - 1.15 grams -
1.15! / : 9. MgSO4.7H2020.C. i 0.65 gram 0.30
9.2 --18[err]C 0. 15 i '
-6C. ¢ It can be seenz‘i%‘PatH@aryr ng the pot assi Qrd{ gram o
EXAMPLE 3 chlori de concegh§@l 0 betmeen 0. 15 andoegsgmn In this
Exanple t he degree of aeration was _ _ R
FeSO,.7TH,O0 - ~ 0.068 gram
Tap water 200 grams
Yeast Extract 0.025 gram

10

15

Sy

S 25

- 35

Distilled water (to make up to 1000 mls)

However, as hereinbefore described, either
oxygen or at least one essential component
is controlled, in quantxty or rate of feed, below
the optimum level in order to achieve a 11m1ted
growth of the micro-organism and hence to
obtain only limited removal of straight-chain
hydrocarbons.

Essential components which are suitable for -

control in accordance with the invention are
phosphate ion, magnesxum ion, potassium ion
and sulphate ion.

Preferably the amount of phosphate ion
present in the medium is in the range 0.53
to 0.19 gram/htre Preferably the amount of
potassium ion present in the medium is in
the range 0.07 and 0.15 gram/flitre.

If desired, the oxygen may be supplied to

_ the fermenter in the form of air. Preferably

the rate of .aeration is in the range 5 to 60

~ vols/vol/hour.

Employing the ranges mentioned above, gas-
oils may be dewaxed to give products with
pour points varying over a wide range.

Preferably control is exercised by limitation
of an ion othér than ammonium ion smce,
in general, it is preferred to employ the intro-

* duction of ammonia as a means of controlling

30

pH.
According to a preferred feature of this in-
vention there is provided a process which com-~

. prises cultivating a micro-organism in the

manner as hereinbefore described in the
presence of a petroleum fraction consisting in
part of straight chain hydrocarbons and having
a mean molecular weight corresponding to at
least 10 carbon atoms per molecule, and in

. the presence of an aqueous nutrient medium;
.and 'in the presence of a gas containing free

oxygen and separating from the mixture, on
the one hand, the micro-organism and, on the

othier ‘hand, a petroIeum fraction having a re-_

duced proportion of - straight chain hydrocar-

“bons or which is free of said straight chain

hydrocarbons.

dei
in:

The process of the 1nvent10n is of particular

value for the treatment of petroleum gas oil
fractions which contain straight chain hydro-
carbons in the form of waxes, since by the
process of the invention a gas oil of improved
pour point is obtained. while the waxes are
converted to a valuable product.

Usually the straight chain hydrocarbons will
be present in the feedstocks according to the

invention as paraffins; however, the straight

50

55

chain hydrocarbons may be present as olefins; - -

" also there may be used a mixture containing

straight chain paraffins and olefins.

Tt is an important feature of this invention
that when cultivating yeasts in the presence
of the feedstacks hereinbefore described under
conditions favouring the growth of the yeasts

at the expense of the straight chain hydrocar--~ -
‘bons, the other hydrocarbons, for example -

isoparaffins, naphthenes and aromatics are not
metabolised or, at most, the proportion which
is metabolised is very small, Furthermore, un-
like conventional chemical processes governed

- by the law of mass action, the rate of removal

of straight chain hydrocarbons is not substan-
tially reduced as the proportion of these hydro-
carbons in the overall mixture of hydrocarbons
decreases {except, of course, in the very final
stages of removal). Thus, when desired, the
percentage conversion of straxght chain hydro-
carbons. which is achieved can be maintained
at a value approaching 1009, without necessi-
tating a very dxsproportmnate expendxture of
contact time to achieve small improvements.
Furthermore, in a continuous process, this high
percentage conversion can be achieved without
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granmilitre enabl ed the pour point of the pro-

fermentations perforned

at pH4- aTTd""at* astenperatt O Wt 25 =tngthe—cel Lulal
density.™ - a dllutlon rate of . 0.2 The quan.
oi |l present in the medi um was 120 grans/litre.
Aeration ' ar Density Pour Points
vol s/ vol / hour s ans/litre) (originally +17 C.)
5 | . +11ferr 10
5 3= « "0 rpﬁrLC‘ [ ] C.!,(1)95,183 2 &35
+9[err] C i ,cgomng to the use of a long re®€ion path. as descrifed3in British Patent ‘Specification .
+7] er r]C. “the By this application of thig;grocess under - No. 1055@85‘; to improve the cloud point of 25
7 C : condmons which Iimit the 1 bohsatlon of the prod
[err] C A the straight chain hydrocar 1t is possible The fr ct1§n containing the. micro-cEganism
6lerr]C. . ' 3 operate with the removal of only a desired s, with or without further treatment, a poten-
proportion of these hydrocarbons. .tial source of food for both animals and
" ‘Suitable feedstocks to the process of the humans.
; " jnvention include kerosine, gas oils and lubri-  Preferred methods for use in the cultivation
© ° cating oils; these feedstocks may be unrefined ~of the micro-organism and for the recovery
4+ 10 or may have undergone some refinery treat-  of the product are described in British Patent
ment, but must contain a proportion of straight ~Specification Nos, 914567, 914568, 1017584,
chain hydrocarbons in order to fulfil the pur- 1017585, 1021697, 1021698, 1049065, 35
* pose of this invention. 'Suitably the petroleum 1049066, 1049067, 1049929 and in 1059881
! fraction will contain 3—45%, by we1ght of through to 1059890; also in British Applica-
i 15 _straight chain hydrocarbons ~ tion No, 45004/63 (Senal No. 1095182).
} : By the process of the invention the pour The invention is illustrated but not lumted
i point of product gas oils may be maintained by the following examples. 40
] at a predetermined value (within the 11xmts In Examples 1—3 a yeast, Candida lipolyti- -
. of operability of the process). ca, was cultivated on an Iraq gas-oil feedstock :
20  Suitably the recovered hydrocarbons, for ex- (cloud point '+19° C; pour point +17°C; .
ample gas oils, are further treated by hydro- containing 14% n-paraﬁins) in the presence = .
. genation, as_described in British Patent of an aqueous nutrient medlum havmg the_ 4
Specxﬁcanon No 1059884, or by caustic Wash composition: : i :
ig a re~ : o
sdrocar- .
.t chain (NH4)3HP04 . 2 grams .
gas oil ' :
hydro- _ MgSOQ,.7TH,0 . 0.65 gram
by the :
1pr°ved 50 - ZnSO¢ Hzo 0 17 g‘am :
xcs are X -~ - . BTN . - - L BENERYS PR T
. , 'MnSO4 HQO < 0 045 gram
Jn . L
tts) vtvllxle1 : .FeS0,.7TH,0 0.068.gram
gy 5 " Yeast Extrace 0.025 gram
raniog Tap water ' 1000 mis. .
vention : i § T
resence 60 - Lo
{ under ) and in the presence of -air. The yeast was ELAMPLE 1 : T 60
yeasts . cultivated in a continuous 5 litre fermenter. . ‘The -amount of phosphorus, in the form N
drocar- 50 © InExample 1 the phosphorus in the medium  of di-ammonium hydrogen .phosphate, in the ~ 3
xample was varied, in Experiment 2 the potassium medium was varied in a series of fermentations '
are not 65 concentration and in Example 3 the amount performed at pH 6, at a dilution rate of 0.1
. which . of oxygen supplied to the fermenter was_ and at a temperature of 30° C. (The dilution 65
Te, un~ varied. The purpose of varymg the amounts - tate is the ratio of the volume of feedstock = .
rverned ! 55 of these materials was so that the extent of fed to the:fermenter/hour to the volume of
emoval R the removal of n-paraffins from the. gas-oil . liquid phase). The quantity of -gas-oil present
ibstan- 70 | could be controlled and in-this way products in the medium was 100 grams/litre. The fol-
hydro- with pour points varymg over a wxde range lowing results for the pour points of the pro- 70.
:arbons - could be obtamed L - ducts from each fermentation were obtamed ’
y final : ‘
:d, the - i E i
hydro- 75 : . ;
1tained : . - ; : N
tecessi- i . : :
ure of A RS 1
:ments. . 1
ishigh 80 - ; : ;

vithout

varied in a series of

duct to be controlled w thout seriously affect-
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1, 095, 183 7
varyi ng the aeration oils with a mﬁder
ra '

range of pour

It can be seen that

t

p0|nts could 5

he dilution -

r at e V\BS r_ édUCéd s et B v el b gas OI |
to 0.1, ,while keeplng the other factors the

products W th pour

poi nts vary|ng

between + 7 and
+11[err C to be obtained. Gas- sane.
Aeration’ Cel | ul ar Density Pour P0|nts i
voI s/vglhour6 (gramns/ | |tre)o (or. w;p@kly +17[err] C ) -
Ko 52 o o zZo0—
e Y 1N S 60 - 7.6 mlet
- 10 o 10 mmonium H dro en 110 L -7'.' 8 SRS 10 gas-
10 Here it can be seéru:ﬁolmhe \CBhdhtRton N6 aediaki ON | vapyiM@inanopints ofL- . ! Bei
phqsphorus in the fo n}ratmnbemmeen 1( an®efy vol §/ vdérigmallyr g| ves: of =
di - ammoni um hydr ogen| phosfsrasgirel urt her  EomgdEeoi | produces w th a pour
poiint range of  expeflments were performed ysing fwo otger 18 C:mnthout
seriously affecting- he cel l'ul ar~ yeaste,_Candida pul cherrinp and -
Hansenul a density. - 0.7 10 . anpmal ar-2and al so a _
bacterium Bacillus frega- 1 1 \WPLE{ 4 - _ - -.terium;
I n leach case two rung were, perforned In a'nodlfi:atloﬁ'of the nmethod used
in 'one with a ﬁEdIUTlCOﬂtaHnﬁhg phospherussahd" . +15 - Exanpl'e 1-
(i which the yeast LdllUTUd i pU| y=——ttre—ottrer—w -t ediumt cont-ai-ni ng ino
hds - . . LT . ’
P G . - EXAMPLE 2 10 .
It can 'be seen that good' control of the The amount of potassium, in the form of -
_ pour point of the product could be obtained - potassium chloride, in the medium was varied © 10 He
by arranging the concentration of the ammon- in a series of fermentations performed at pH : rate
5 ium hydrogen phosphate in the medium o 6, at a dilution rate of 0.1 and at a temperature gas
" be between 0.7 and 0.25 grams/litre. There _of 30° C. The quantity of gas-oil present in 15 18¢
was only a small drop in cellular density when the medium was 100 grams/litre. The follow- e
the phosphate level was reduced over this ing results for the pour points of the resulting . C 15
range. e e e - gas—oﬂs obtained. using the various concentra- T
tions of potassxum is shown below: .
| tic
~Potassium Chloride
Concentration Cellular * Pour Point
in medium - Density (originally
(grams/litre) (grams/litre) . +16°.C.)
wn01il5 9 {. =20°C
o 30330 - 9.2 ~18°C.
015 7 o =emc |
It can be seen ‘that varying thé pofassium™ ~ ™ ~7"° """ ° ExXAMPLE 3
chloride concentration between 0.15 and 0.30 In this Example the degree of aeration was
gram/litre enabled the pour point of the pro- varied in a series of fermentations performed
duct to be controlled without senously affect- at pH 4 and at a temperature of 30°C with
25 mg the cellular density. - a dilution rate of 0.2. The quantity of gas- 30

oil present in the medium was 120 grams/litre.’

Aeration .Cellular Density | . Pour Points -
vols /vol/hours (grams/litre) - | (originally +17° C.)
) ST - X I tucC
SUROENY IR P U +10° C.

20 6.3 +9°C
30 6.3 + 7° C.

65 6.7 +7°C.

110 7.6 + 6° C.




tica, was cultivated on a nedium containing phorus. The nedia used were:
For the yeasts (NH[err])[err]HPCIerr]

1. l‘&»grams-‘ e e lvgbqerrj IH[ETI’JU e

0. 65 gram . MSO err].Herr]O

0. 045 gram ZnSq err] ' : 0.17
gram Yeast extract 0. 015
gram er For the medi um cont ai ni r)/,g

|IT

no.p.h.QV?To rus_the anmmni um phosphat e was Jﬁgﬁelﬁﬁpd hy 1 72 grans per
mrd'n’% u

of am m f can be scen that varying the aerationC hiiowicle. wxder range of four points could 5 -
1, 095, 183 - rate between 5 and 65 vols/vol/hour enabled be obtained if the dilution rate was reduced
. o gas-oil products with pour points varying to 0.1, while keeping the other factors the
: between - 7 andi+11°Ctobe obtamed Gas- same.
Aeration Cellular Density Pout Points
vols/vol/hour (grams;/litre) (originally +17° C.)
: | | 10, - 5.2 +8
, | 20 - 6.3 -6
L .60 7.6 -10
110 7.8 —-10
10 . 1
m_of
varxc;.[EiI -+ 10 Here it can be seen that varying the aeration varying amounts of phosphorus in the form
it p rate between 10 and 60 vols/vol/hour gives of di-ammonium hydrogen phosphate) further
:atu?e gas-oil products with a pour point range of experiments were performed using two other -
—?lt m 15 18° C without seriously affecting the cellular yeasts, Candida pulcherrima and Hansenula
. IO.W" P density. - anomala, and also 2 bacterium, Bacillus mega-
u ung i 15 ExAMPLE 4 terium. In each case two runs were performed: -
*otra- t In a modification of the method used in one with a medium containing phosphorus and
I xample 1 (in which the yeast, Candida lipoly- the other with a medium containin 10 phos-
: E le 1 hich th Candida lipoly- the oth h di g h
i . tica, was cultivated on a medium containing phorus. The media used were: o
¢ i ' K . . For. the \,-eas'-‘s- _
: (NH),HPO, 2 grams : —_—
% Kcl 1.15 grams
MgS0,.7H,0 0.65 gram
Mnso"-Hgo 0.045 gram
ZnSO, '0.17 gram
Yeast extract 0.015 gram
was Water, 1 litre
'‘med
with
gas- 30 For the medium containing no phosphorus the ammonium
itre.’ g&osp‘lixate was replaced by 1,72 grams pex litre of ammomum
oride, .

o i eyt 17, e gemanaes

S



For the bacterium Na2 HPO4

0.4 gram KH[err]PCIerr] 0.5

granr— NHFer T o=5~gram"
NaCl - 4 grans -

MgSq err]. 7H[err]O 0.5 gram

Yeast Extract _ 0. 015 gram

Wat er s JI _41tre - “For the rredlum. :

cont ai ng ng phosphorus _the The aaS'-@? 18sed in the experiments with =~ —

phosph4t es were repI aeed. 2,%/ gram per litre media containing no. -
phosphdPMis had a pour %8 ¥ELM i hydr ogen sul phate. O herwi se- al'l
point of + 11[err] C and-that used in the control 5 the fermentation
conditions were the sane asNaaléBQ)erl ment's had a pour Opbgmat of + 17[err] C !
10 - were used in ExarrplelgH o _ _ L T;efollovvlng results
vvere obt ai ned O, S

NH,,CI I - - 0.5 gram
NaCl 4 grams
MgS0,.7H,0 o ) 0.5 gram
Yeast Extract ' - | 0 0.015 gra:m
Water - . 1 litre '

For the medium containing no phosphorus the The gas-oil used in the experiments with
phosphates were replaced by 1 gram per litte media containing no phosphorus had a pour
of potassium hydrogen sulphate. Otherwise all point of +11°C and that used in the control- = *
5 the fermentation conditions were the same as experiments had a pour point of |+17°C. . 10 =
were used in Example 1. . The following results were obtained: :
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deae.
process according to clarnt 10 in
pro--ur* Yol Grromi ey
clainmed in any of the clarns 1-17.
toclaim 10 in

13. A prociis accbrding td cfaim 12
Leam ngt on i Printed for Her

19. A gas- orI

WOCOLARD,

I\/hr pctﬁ’}ﬂé’lﬁt at ib_ue_r_

cl ai nms. 11. A

mhenever

12 A process according:

ot thegenus. Canch BNl NI Agen 7or <ne ap s cant's.

whi ch the yeast

Chartered Patent Agent

Press
Sout: han'p{ on: Bu‘l'ehmtncpbtamwﬂtdbwtedwe@‘@l of the

traight=¢ am
];ErR(I:)\’,r‘]\qT\l/J\III;]/: ch (;O 334 'gr;’ ess accorgﬁ:g ettge'r of the pre-

ceding claims wherein the essennal component

1, 095, 183 is phosphate ion, potassium ion, magnesium
Inventors formeERN%§22;Mngt ny of the preced

N |_ n S 1 0 a y YECEQ-
LAING' read " BERN a@?wherem the quantity of phosphate

<
" "4N0 ion present is

18&8/ licre.

5. A process according to claims 1—3
wherein the quantity of potassium ion present
is between 0.07 and 0.15 gram/litre.

6. A process according to claims 1 and 2
wherein the oxygen fed to the fermenter is
in the form of air.

7. A process according to claim 6 in which
the aeration rate
vols /vol /hour.

between 0.53 and (.19

15

‘which is cultivated is a yeast.

Cf\IPL'Of-OQ‘-QC 202-

25 the yeast is of the family

10. A process according to claim 9 in which

deae.
11.- A process according to claxm 10 in
2" which the yeast is of the genus Torulopsis.
12. A process according to claim 10 in
which the yeast is of the genus Candida.
13, A process according to claim 12 in.

* straight-chain hydrocarbons or which is free

is between 5 and 65 -
- the feedstock is a wax containing petroleum

8. A process according to any one of the-
precedmg claims in which the mlcro-orgamsm'

9. A process according to claim 8 in “which -

the yeast is of the sub-family Cryptococcm--

limited growth of the hﬁi&?-orﬁﬂbﬂ Iaﬁdnedrhbytha'?&st Rataedida 1gblfiicae, 25

14.:A process according to any one of claims 35
1—7 in which the micro-organism is a bacter-
um.

15. ‘A process ac%?r@%&@ﬁ@ﬂf% &@-
£0!

ceding claifa@Bichl | cAlfyating a .

fraction consxstmg in part of straig tm%w 1

droc ecula
weigh n-?s%g;:éﬁgl t@fFlnggl 10 carbon
atoms per molecule, in the presence of an
aqueous nutrient medium and in the presence
of a gas containing free oxygen and separating
from the mixture, on the one hand, the micro-
organism and, on the other hand a petroleum
fraction having a reduced proportion of
50
of said straight-chain hydrocarbons. '

16. A process according to claim 1'5 wherein

gas-oil and wherein there is recovered from
the product of the growth of the micro-orga-
nism a gas-oil of reduced content of wax.

17. A process substantially as described with
reference to any of the foregoing Examples.

18. A micro-organism whenever produced
by a process as claimed in any of the preceding
claims. '

19. A gas-oil whenever produced by & pro-
cess as claimed in any of the claims 1—17, -

" J. WOOLARD,
‘Agent for the =Applicants,.
. Chartered Patent '‘Agent.
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