1, 059, 888 5 lie in the
range 25-35[err]C When using organisns other than yeasts nmay be separated

Candlde | i polytica the preferred tenperature in this nmanner. range
“is 28-32[err]C By centrifuging the product from
the fer- The take up of oxygen is essential for the nenter three
fractions are recovered. These 5 growh of the m cro-organism_The oxygen
are in order of i ncreasing den5|ty - 70 ‘will usually
be provided as air. In order.to ( an oil phase containing yeast cells

mai ntain a rapid ratPNTgEDWﬁ tS(P G,IFII@IAT(Il(D)Nan aqueous phase

~cont ai ni ng traces: of.- gay, -shoul d-be: present in the
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rougha . aving a an%miI -of " oi l
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by ' 'vort ex aera (B’Wgt pparently held to the cells by
adsorpt I on:: ' ' h| eved whereby the generation time. It may
be adVadfE é‘bé&’ﬁl@“% e(%pq(bf)’é%% lies in the range 2-5 hours.and the
cél | denCl: edthleb H¥/fGM ANt , for exarrple a saccharose - 20 centration is
i ncr eased. by a factor - of upc(t)lqpl_gp}g ngCImAqironakes it possr ble to reduce

the 85 - 12 kEn-two: d ~ _ subsequent
washing required. t(;"\peﬂ%%e or relatmg to thel?é'f’gﬂc%‘ffe?fat i on,. the
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d sub Eht P algqrelatesio| 4 propess the pryiser, tg form a qupp Pg f
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Fedion BN SRS wlph S S SR fr o
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the yed8t. ;ﬂ@“‘m ‘takes place, jg ﬂl"rfP‘?‘ t W8, ;‘fzus en;m‘ T Fﬁgmﬁ@‘:ﬁf gach/ed/é

desired. e W e pamﬁs Xx%aﬁtan average the suspended matenal being caused to fall '
“~diameter less than 30 micron. It is particularly on to a moving liquid surface, for example M
. Jrefetred . that this average dlameter shall be aqueous- nutrient medium. - :
30" lE?s'Eﬁan 10 microns. Also,” according to another aspeet/ the
The : small - particles ' may " be formed by present invention there is proyided a'process 70
atomising’ - liquid phase feedstock into an in which a micro-organisnt” is cultivated in
aqueous. phase or into a gas phase. The small the presence of a feedstock conmsisting wholly
- liquid: particles-formed in gas phase must be or-on part of /sttalght chain. hydrocarbons in
35 transferred into a liquid medium for example the presence of an aqueous nutrient mediumj-
an aqueous .phase. The dispersion of ‘small and /urtﬁe presence of a gas containing free 73
particles in.the liquid carrier medium may/oxygen, wherein the feedstock is present in
then’ be passed into the fermenter; alt the form of small solid particles. - - :
atively “the. small hqmd pamcles/ma be The feedstock w111 be ‘a matenal whlch 1s
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now consi sting of yeast
sur f act ant
of the un- used feedstock fraction.

usual ly be separated from the bulk of the "creant
and aqueous
may now be vvashed with water

and ;
m cro-organi sm may be sub- vvashl ngs may be given to this yeast

jected to autolysis before further purification |If desired, one or
t hese wat er wash- of the product. ‘

% According to one nethod of
e_seat _water); 110

but preferably not the |ast) nmay nake

greatPng thg—-ﬁse of salt-vater (for «J&QQ%
PRk L,E&Jag%. g s wth
ﬁr@sﬂ&ﬁﬁ Hﬁd r%. Rbmbdir3s Wt h

product the mej Qiid Rake t%pe;aaee GORMdRNMO -
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a yeagt. The. lpmads smarthﬂazd;emﬁtabm‘ ug| ng
fﬁh@ in this case p:
O]

a view to econge ""Hoh ticles . are -  Du
beViE g ﬁi’iﬁ'ﬁii‘@m i

40 aqueous nutrient nmediumand fromthe bul k
105

"creant.
nor e of
i ngs

or decantlng ted stt,ck "ﬁ‘%%
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possi bl e t 015 LG feRistolkPh d&wi@ e "?%Ea gL
ca. 96% by wt hqﬁiﬁ-lﬁ-mmd’iﬂhpeﬂidﬁ nﬁh&&&rmé‘d&* Ceonthihin hQﬁh]Ot'l‘s ast
may be 120 atomlsmp mel% li?geeﬂiigpgrtggr f:e o tgext:sm> ohich\isi présexm rin tldrpred under
condi tions sui I lsepAInng ca.
oo - w1 e AR (L TR

streamis supplbovedr below(ihb enelting

make- up  quantskes é"sd@?ﬂbf%ebwﬁ pétleistmofnhemq@eurpgaeucamm -0r  a »f
pr oduct 60 " fIEPEs %n:g

ly
t heref rom o025 t@ﬁd{ﬁ&gﬁm process 5 hyé)r:cyaerb a ][“sr}sg Xf@‘&é' he 90
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eﬂtnm the
t he fernenter bg‘@ @ﬁ’?oﬁs@d by agueous phs
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65 tion stag “the . t&nMW A mmcrmmgam%:?xpm or-is mhe

process herei &E ’is # thndency for th small from the-fraction (a) recovered by ‘centrifug-

1,059, 888 3 paitlésstovdgtlixhanard. [EhisSemieey Gi ayt PEhe S Bider I 4R¥IGMErA®N - of micro- 100

uf}.t \prganign are Separﬁtpcbffmmelxé et ds f or

Thr oughout t hé¥ ﬂessmwesuseei mlsd;maj s o i .
use in the culyflyiseh E%E ﬁ%pr \%&%ﬂm o?én % GD€PPF| rgecr tion
of the m cro- hiR RufigFise Ndrntiel a L diBerkiGir of Qf Etfige; since @ of
product ar e’odétsdﬁqcbeoh liquidBnddiumg faixbg tﬁec%senlp ﬂlb fte&sﬁcl: Qi?,y &i&ﬂ , 105
1021697 al IU% GIBANiFMBPAstings the pPAwetiop gfoups o m1cro-orgamsms, or.

- rmenter contai a rh d dual ell, A7
e 1 O et ana e

of ‘the micR& m for stablhsmg the

cul ture nedi utice mgeﬁ-contammg gas and withdrawing a punped
dispersion is caused to by-passthe dis

fromtwo cBnpes skeamocontaiging womlcei@rgamsm

grown 1n the fermenter,

‘In accordance with another aspect of the
present ‘invention' there is provided a.process
which .comptises’ formmg a dispersion of a
hydrocarbon feedstock in a liquid medium
which contains a- dxsperslon of a micro-organ-
ism, thereafter passing the mixture to-a fer-
mienter contdining a  micro-organism, an
aqueous nutrient medium and a free oxygen-
cuntaining ' gas and withdrawing. a - product

50

55

stream - contammg a mlcro-orgamsm grown in.

the fermenter.

In accordance with either aspect of the in-
vention ‘which has been described, the micro-
organism which is present in the feed stream:
to the fermenter and the micro-organism which
is -being ‘grown in the fermenter may be the
same or different. The presence of the micro-.
organism with the dispersed feedstock reduces
65 the tendency of the particles to agglomerate.

- hydrocarbons con

sal: - 110
stage and -this ‘part should be the part which:
(by reason of ‘the larger agglomerates ‘which~it
containg) is the part whlch is ‘more suscepuble
to damage. - - IS, .

- Any conivenient method of dxspersmg., e, 115
feedstock in a liquid medium may be“bm-\ :
ployed." Suitable. methods include _;he usesof
() an injector nozzle (ii) a colloid 'm;llltpﬂaﬁ
example a- Hurrel homogemser or- (m) ultra-_
sonic waves,

‘Preferably the feedstock is "a- mlxuxre of
4. "straight ‘ chain
hydrocarbon: Preferably the . ‘hydrocarbon is
C,, or higher. Suitably there may: be used a-
hydrocarbon fraction derived from petroleum.

It is well-known that certdin . petreleum-
fractions, ‘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 i isto 130
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49049/ 62 1, 059, 881 branches of an injector by neans of two
pis- 10 49050/ 62 1, 059, 882 ton punps. Buffer
reservoirs were interposed 49052/ 62 1, 059, 883

bet ween t he punps and the injector to steady 49055/ 62

1059884

49056/ 62 1059885

35 49057/ 62 1, 059, 886
of a stainless steel 15

l‘lf\l‘

_capi

aror o MERE, ©°

the back-pressure, which was regulated to lie
in the range 14-16 Kg/cnferr].

The injector consisted
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Nunmber
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gffeportion ofyithepe h}@rog:@m:e t?tﬁhe fol | owi ng

eedstocks to process. 0,

ude kerosine, gas oils. and- ﬁe
1436Hg oils; these feedstocks may be unréhded@Ggot at or

Bl taigied, wgm m/nvtatcommﬁo etherr adrimmay Hhpe3undergone some refinery treat-

ment, but will T
K pom:)n of stralgge m 6* toC
i nj ecﬁmrlﬁvelmon there is provided a z s wh;eért

I”‘ali'd ai r
lnor 0

on. s;.la.t QS- i

to fulfil the purpose of

petroloird FRARiod mm

Jat 4) manner as heremil:efore'tfdescnbed in the pre- 459% by wefgbt t&s@qxg!pcgtham }hjrdwqmﬁens - -
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" sul phzst é’?ﬁﬁ,@ﬁ,r hr;,‘g Ha&j,‘a UT 6 comn h:bar?'fas'ﬁ’t efr] C by water
cir- dilas 10sckph atoen per molecule, and Prefbdibly when a yeast @dﬁm’ﬂoﬁyﬂﬂhm is 90
Manganes’é m?’ % % mutrient (pf @mgamlly Cﬁﬂ’t@@f&cﬁ& s:tamwlérlyr draw ng of f

§ryp 01 avever,

L‘,QUI d. nd s€; g i@maté t@ gﬁﬂv E) be used, or example, a
piist o3 thﬂépon the one hand, the micro-organism ascosp ~ sub-family 0.025

_Tap wat eund, on-the ether hand, a pe@ﬂt@m fraction.
and

Ahe sys%%%"; F%EF;%%P%“‘{P %ﬁa‘ Koot

t he c#pil Tﬁﬁ‘p}‘ocﬁh@ bfthe afzmﬁdias of pRticill G
i nj ect orvalp;w

i Cryptoepcegi

gggd:fs yeast alg as f

r

eh*eﬂerml geherd fog di¥l ed gas- oi |

11Y 'ﬁg"@%ﬁrﬁd&t’m on using
T | bed above,
6 kg ek %@

eckOds USi ng 60

Siaharmﬁ?md?t

mtolhmgaswﬂt hlsilde@di aant:’ﬂfer anmﬂmsahesmebr;t leen system

the foll Wh‘d‘ cogtpin r &SB! . mgdé PSt fheor
_zexperl iﬁ s oo, fhe fo OESH% 1mproved Gty ,’ié eaflﬁ'gr g{l] BYi nting
war4s pour ﬁnthlJlolbtuuea whhilk [thef Ms @zfe gas of | ~and nmedi um the bottom of the

e
f\er ment @pnverted toa valuable product.
toFkber tﬁﬁﬁf é&\g

tidd Ta &hﬁm Fiodbevéd) the T stth
[V poI ?t ICM hydroearbans_ may be preséat graclefipy

) alsg:sthene. A P talmng
'Gg‘s oi | -strdis fl'cel{am' araffins 4nd éfg;‘bf"ln
CQNPr eSSk dnlimPériant feature of this invention.

wi'th carﬂml: hmnwﬁtaﬂ
&7[ erﬁ"] ae feﬁds@Cks,dlsfe
un mons favouring the growth of the yeasts
e of the straight chain hydro-
' &'hong, the other hydrocarbons, for ‘example
‘iseparaffins; naphthenes and -aromatics are not.
metabolised or, at most, the proportion which:
is. ‘metabolised is wvery small. ‘Furthermore,
unlike - conventional . chemical -processes
- | governed by the law of ‘mass action, the rate
of ‘removal of straight chain hydrocarbons is
60 not ‘substantially réduced as the proportion of
these hydrocarbons in the overall mixture of
hydrocarbons decreases (except, of icourse, in

- the very final stages of removal). Thus, when
desired, the percentage conversion of straight

the Pebsence of

55

By
inbefare  describedyiunger t he capi | | ar

ue Gipalyicd t s wi t hout
da . pudEBifEsat i oriCBS 610

1&&re 55::5 Varsgﬁ%atjorsm&l Candi da
Candidare mumabsy means CBS 23ie

Hansenula  collis
Oidiurg,

PreV|ous 85

em of. 33| ar%
Tomloﬁ 2n- par aff? 1101 51

Neurospora : sltophlla .Paur poi.nt-

émabove the -
dida lxpolynca is par-

tion
+

f the above
t1cular1y preferred. :

If desired, the m1cro;om'gamsm .may be a
bacterium. Smtably the bacteria are of one of
the orders: —

Pseudomonales, Eubactenales and Actmo—
- mycetales.

Preferably the bacteria whlch are employed
are of the family " Bacﬂlaeeae and "Pseudo-~
monadaceae, Preferred specie are - Bacillus
megathenum, Bacillus subtilis and Pseudo-
monas’ aeruginosa. Other strams whlch may be
employed mclude :
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surface of the liquid (injection in air) Aqueous m neral nutrient

medi um - The followi ng results were obtained: -
1, 059, 888 7

TExperTment o CXpertment 2 ExperTment 3
No atomi sation Atonmisation in liquid Atom sation in air . - Vol une of
liquidin fer- menter. (litres) : 3 -3
3 5 Dilution rate 0. 07 0. 10 '
0.11 ~Air fl.ow v/v/hr. .10 70
70 B quid flow |itres/hour ©1,059,888 54 ' 0.3 . e
0.33 ~Gn ga e tre of . .. feed. .
180 +.18 sg,%‘;'*mﬁs{?:;‘%:'gm B 180 10D1ammomugq,h¢sbﬂa§r .clens&y gr ans/
litre . * Arthrobacter-sp.5 - « - Potlssium. chlonde peno= o= 115505 68 s

<Mictococcus phate; 7H,0 065 .
T a0e S Ee LT 00 mcm@gfogr'vﬁg, o0 e

) "'- domo sul 1H0 1Y.045 -
! ' ' ﬁsme "% n- par o 0.668

20 _Flﬁeractenumsplﬂewmisl be not dipt et S-peFSI-On “by2W@api | Tary "
liquid. The fernentefcclebpgeosRed was a five- 35east e’_“F.jc‘_tl 178 &?:? bty
| overs the cd?l divigs N the fermenter asnﬁs%‘f":é ¥ _ﬁm’ -
time while preserw NAbIdnbisa degr ee  of . dewhen Mtce]maéddsmml:@geed hyedoe as
fol |l ows: - waxgn _ at i s., the. rate of prbp%h!imuoumscféedgwhsqmeumesml?ﬁx :
hard gatsch (m pSu& thout
Paraffin wax lgnﬁgﬁ abol& genf'sc n&ﬁ; 0‘,%'&%3}3 e ﬁghﬁ .
Heavy Iraq gas-on Qldaéd Pbﬂﬂillﬁihre]xﬁn Bydrocarbon ‘fraction which it is_intended to &,
normal paraffi ns;urby\nwga s@@b@ genus is Aspergillus.. .- use. Furthermore the micro-organism although 80 TN
Yeast: Candi da || y §alt1vatlon is carried out in the cultiv] SN .ﬁelc%aresence of an aqueous

an .2 ent medrum If miner3l’ appro; nate
The aqueous @jn |l ok L m GRARE Bl hase B
use of feed- &n;d@scrl bed Fn- Exarrple 1. 25becadie Itydromhimb actmedmsperm on B
of solid para- Ix;%‘lﬁerffa@l,hmm@alem@elmms rﬁ!@&%‘ﬂgb e;‘gr's;wﬂghlﬁ
wax. : mus L he ely - F
di vi ded zsmaons%f“t‘ﬁeéj"a T “‘““Z&%’Mﬁga { S A GhonhiO e m-drghaiic sdirint € g
rich in or enri cing hydréchrborsr rral _ par af fi favm rtédntmd 1) rthta culome ai ner

and paraffins, d*ma?!h roquefesti ith o
it thedzSele el F o “mﬁ“@rymﬁ BB A T

medi um i n t haof GRBReH £ bolid Hfdrdderbeds asfileddstock OUL ofd: @éakt)fbrnﬁbry g&ieany sftitamins of

50 at om ser dbnshesgrp odjfthoa ttgngqp B@ quwm L J’ M’
di spersion of h toprowde i tﬁﬁﬁ?‘iél ?lt ﬁ:f Its per o

utnen -me fermentation S ety
3. Culture w th ?‘\6‘? gﬁ%:, F Q.?\EE hmedmm It can: be higher -or lower -according P
35 to Tthle condrtronsf cl&r:esen for the growthtak. : .
£ e growth o micro-otganism - takes -
Noeatr%,p;cahla:utgf?{tﬂ?oﬁ?: cf,ﬂ’;;,‘:,t%‘,’,wﬂ° place at 'the ‘expense of the feedstock fraction 100 _
grams with. the' intermediate production. of bodies S

having ‘an acid function, principally - fatty
020 acids, in such' manner that the pH of_the
0._005.-=: aqueous - mirderal . medium progressrvefy
0.002 diminishes. If one does not- correct it7the. 105

Ammonium sulphate -
40. Magnesium sulphate - -
"' ‘Ferrous - sulphate, ~ 7H,0

 Manganese sulphate, lH,O

rllll-lll
[\

o growth is fairly rapidly arrested. and the con-'
%ﬁ‘;ﬁﬁ ss;,‘ﬁ‘;pﬂgsp?m_ 3 . cenfration of the 'micro-organism:: in..ghe: :
45 Calcium chloride - RS medlum, that. is oellular -density, no longer .
"7 ‘Sodiimn carbonate - - 01 increases so that there is. reached a so-ealled o
Yeast extract - 2 .. 0008  stationary phastt;-mf o |
Distilled water (to make up to 1000 mls). ' Preferably ore: the aqueous nutrg:pt

medium’ is maintained ‘at .’ a.‘desired- pH By oy

- the - step-wise or ~continuous adghhon of an
For - other bacteria 'a sultahle nutrrent aquéous medium of high pH val U"u all !

50 medivm has the composition: when * using” moulds: ‘or. ‘yeasts -am i+ 115 ;
: _;Mon0p0tasmum phos- . - fticular when using Candida hpolytxcag:hg{pH i
phate - - -7 grams © of the nutrient medium will be maintained. i
Magnwum Slﬂphate’ T T in the range 3—6 and preferably in the: range: -
55 Sodium chloride - - . 01 grams s—s) Suitable alkaline matecials for addi- 120 |
~v: - Ammonijum chloride . - 2.5 - grams . yion o ithe. growth : mikture: include- sodium. | :
Tap ‘water (u-ace ele- ...~ hydroxide; potassium. - hydroxide, : disodium. . : B
.ments) - - - 100 ‘mls hydrogenphosphateandammoma, erthen‘frees
. Yeast extract. = 0.025 grams or in aqueous solution. :. .: R :
60  made upto 10(10 mls with dlsulled ‘water “The -optimuin temperature of the growth 125
-+ A suitable nutrient medium for yeasts (and mixture will .vary according to the type -of
moulds) has the composition: — micro-organism employed and will usually L
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The injection can be made either into the paraffin wax, atom sed.
body by the liquid or above the surface of the The following results
were obtained: - 55 1. Gas-o0il not
3. Gas-oil +wax : at om sed 2. Gatsch
at om sed at om sed Vol une of |IC]UId (litres) 3
3 . g 3 Dilution rate - 0.10
0. 10 0. 10 Air flow vol/vol/hour 70
70 70 60 Li alésg,séd ow | i tres/ hour Q.3
0.3 ——————0 —+itre of
- medi um’ Be inl@@ range 25—35°C. Whenlfihg organisms other than yeastd fiy be separated Cel | ul ar
..density Candide hpolynca the prpferred temperature mthgngnner : 9 Si ze- of
subst r at éaﬁ}s 28—32°C. eﬁhﬁ trifuging the prod the fer- 5
Rl take-up. of ox is eTSsIetftJa ﬁ)r Qﬂp G actions 'P] -
10 ‘L. 5 growtB |ﬁlﬁr% bxygen are in ordeng &&E&efdeﬁb&y"-n eed 70 32
69 will usually be provxaea as air. In offiretouse (D fan oilf phese cohitgiging peagreelsf gat sch or of
s-oi | L#lweewq%edu @ﬁvm mmhpsegmtalemsaa% ¢th solid
paratt n R T i i?ﬁm coeef® By 2N ai
atomi SBr ringSThet &ir maya.erm umgnease Qﬁhﬁ‘g ¥ | quiintity anoﬂi r@t #S Bnown as a
"siffl et sintefed strface. Glowkvgt there caay e tugedf or 1 Hhbe e:&mgdhéruuﬂlanueouﬂ ide"-"fluid
_whistle"! th r&ﬁs'?“l%f frtimere Asragiqn known” asTp éft i P"a(&'i‘)l ity of
“normel 2"}k e Randinacly Bl % wantw?é hglcs &rﬁlueén %mm Paraffins can
be t huls ioh etieestraie CCandideligdlytit in Gaproceds| at mm&: taoﬂas&puiaute;e the flat
et |a¢ppaelmes9 tllel iovention. in yehich r#pfnmedhehelhrftogél ouutnellbf,bshevmlll befingt he | i qui ds
enter. 7§:te sac (E%ﬂ%%y&r% y & °%ts§lenbl y Was
an 1€4CE.

cont ai e rcmimnium i gncaasécesy) Rafage@ o!h@nherester, which makes it possible to reduce the 85

The frequép ':“‘z "ﬂ:fffpf t he
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out | et ofyp ldiRla uau’iat‘al s
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ot washing required to remove from
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“eed- The
di spersed by

ultra- 3§om1efdcmashk ‘ﬂagrplmd’o eSnbsbqpenﬂyans(wofananlfplmsel ble plastic 80 9ibration.
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and corrpljﬁié’eid

crease to a higher
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refi:nl; Pfg

subsequeht®

fer rrer?@eldms' d@slmcombe:dmstam (Exafm!lmarl

system Phpse
the foll

35

teria rrpl Q

of the ICT -orgamsm %o rty
ol tﬁB;eétXlﬁﬁ:ﬁ AF blbferably bé removed
before. the termination of ‘the exponential
phase..

The growth operation will usually be dis-
continued before the stationary phase. .

At this stage, the micro-organism ' will
usually . be separated from the bulk of the
aqueous nutrient medium and from the bulk
of the un-used feedstock. fractlon

o " -If desired the micro-organism may be sub-

50

jected to. autolysis before further punﬁcatlon
- of the product. :

“According “to one method of treatmg ‘the
proguct  the- major part of tlie continuous
~agueous phase is first separated; preferably this
is carried out by centrifuging. or decanting.
'_I‘he_separated -aqueous phase. will usually con-
fail a. greater concentration of non-nutritive
“jons “than "can- be tolerated in: the recycle

T k%)nd when this is so, only a.proportion
“of-the recovered aqueous’ phase can be re-

- 55

65

ycled: Thus it will usually be possible to
separate ca. 96% by wt. of the aqueous phase
which is present in the product, of which on
the same percentage basis, ca. 20% by wt. will
be discarded. The recycle stream is supplied
with make-up quantities of the necessary
nutrients and is returned to the fermenter; if
desired the make-up materials may be fed to
the fermenter as a separate stream.

The process, as applied to the cultivation
of a yeast, may incorporate product separa-
tion stages as follows. In some cases micro-

(v) an aqueous phase containing surfactant,

f p?] S I treat-
bRt e:ep%gmaiés 2@1% gi%ﬂggﬁ%@ of yeast

Th etlls c@rminatd by eil @dgethdn avith

agueous surfactant p!

| Mo o et fmcpem&‘?a

washing solution containing it is

Fraction (vi) may be further treated by
altéernate washing with surfactant and centri-
fuging until the oil content of the yeast has
reached -a desired low value. The yeast
“cream” now consisting of yeast and aqueous
surfactant may now be washed with water
and again centrifuged. If desired two_ or more
washings may be given to this yeast “
If desired, one or more. of these water wash-
ings -(but preferably not the last) may make
use. of salt water (for example seat water);
preferably the final wash is with soft water.
With a view to economising the soft water
necessary for the process, the whole of this
water. coming from the last washing is em-
ployed for making up the nutritive medium
for the fermentation, where necessary at the
stage of washing with the solution of surf-
actant, and the rest is sent to the salt water
used for washing with a view to reducing its
salt concentration. Finally the yeast may be
dried under conditions suitable for its subse-
quent use as a foodstuff.

Other steps which may be taken to obtain
a purified mlcro-orgamsm or a product
denved therefrom or to improve the process
in respect of the production of the un-
metabolised hydrocarbon fraction are described
in the following applications; the use of any
process step or steps therein described in
association with the process herein described

Air-Filtered

| ®% a- soni ¢
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5 Gas-oil-Heavy Ilraq gas-oil containing 1. Culture wthout
prelimnary dispersion 12% by wt. of n-paraffins

of the gas-oil. Cul ture medi um Aqueous m neral nutrient 2.
Cul t grewth—uttra=sonmc—dirsperstomof ' mediunras—deser+b
Example 1 gas-oil. - 15

Experi nent 1 2

(No di spersion) (Dispersion) Vol une of |iquid

3 litres % 3Iitres o 108981 on v/ v/ br '
70 — 70 -2 , N —

180 Jﬁﬁ@n:hm the scope of the presmlanlvhﬂﬁbﬁln “Throughout these examples cellular density 25
0.1 Preferred methods for use in thej qyltiv f1$ exprebsed pedil yveight of yeast per litre

0.3 tﬂns"fofﬂ‘eﬂlem‘pgg;‘ftgamsm and &1 %1 odeperey grams/litre

4 5 Paten; Specihcation No. ”%";el .ggas oi | gl'obul es (i or ons)
100 and 3021898—also in British Pddaneofpply- %0 by wt. akamerpdaraffins in feed
32 7 Zation Nos:— |t | s ap}?arent t hat Gesedl end rthe solire lmd rwsdeor;? at
either the inlet or thg, }gtz|e§°5g§§1he col | g8 gsjmg" g%, he
cellular dengity for Jossbruan 1,03b g ton pumps. Buﬂ’er reservon\swwe bl

rate of dilution;.in esose;szmmss,ssst | NCr eaestveen rtheT andnthe infotona Stegly| rred

at 1000 r.p. m MRS 8ai I1 4ty of tihe feé'ﬂ%%i@ﬁ@ ,and

had a capacity of 3 | |4§85 d}t fitted ™ el a stainless steel
Wi th a draw 13- of f Sy g3bgsbrean capilldsf) bga@myrﬁr v |nmgrease
the yeast pro- . The. 4%6%25 I;Q59a889ol I ed usma gadheﬁeermdlemmjto leaveanq;iuct i on

vvhllelncreasmgtheq n%,OS %hing anl 91) to%?m
der’is . This c lg%‘h ﬁﬁﬁ’ﬁ%f“gﬁ »

A
U

n
LI

a
<

-

60 t he sanme cell
enpl oyed Wer e: - The stages@fitha PlotedGhait bt @il Giitt €N ITHOp ofCtodttob toOgive 35
time. 20 entirely batchwise. However, if desired, any a ﬂov)(e&gh c@amj'y d:atwhqnp@ﬁ yitd da
EXAMPLE 4 carried mn:ns?eges ltllgxesmcgfg:nbﬁdl mmvyh éfsylnl:?xture of P0$u lagg Icu ture edx%rr réC
Thi s exanpl e i |THE] Sithbon 3 Hsrates Bi iof BN i the hidiob Sleih Gnd's Ao IR

12% gas- owith ﬂle&ﬁlﬁl‘t& e rtstowie Gxaamles. € € d Sindei xfé@x)(eni&@ﬂﬁxded wwMi‘-d-l um Agqueous
m ner al nutrient 65 of yeasts .IGT

medi um as in Exanple 1 )i as-oil f stocklna
Air-Filtered and conpr ess@cflgm’mr @?‘F@m pes nigldlg%lv\eésmé’argl ed out in a

col | oi dal mll. knowmn as a Sei I a m crodl spenser in- which To
denonstrate the Aisngidficagilheyeaininjéts col - the shearing effegtamwas 70

suppl i ed by ¥wo E&e@mﬂeﬂfe‘i 2Hh Joongol (PHomgintpiped St nmpwaml ~the dl% er-
tens nounted on A P aSin@ e £25 Bl 1-BH. t7ﬁot'he fdls! ow ng
experinments wer eb@%ﬁum{%& ‘?Xagl egﬁwawtm.r- Zinc sulplmte -

carried out: cula-mmheal’l ng by t oot hed wheManganese sulphate, lHO - 01045 Culure

di spersi on. PREBYt | et of the appara & connecied lture

on gas-oi | wh% hoﬁrﬁﬁrfe\‘ ﬂfﬂ"lﬂha?@/hqu‘dbymm’s?fear ﬁgk% & ca 2%‘36 ces.
on gas-0i | With e Heddhyt ieSnixed gas-oil B a Distiedlvatr pi 1960 i the fermenter.

To stabil- permseddom d\a ﬁmldismmtalumnztﬂestmm Wi t\houtFllﬂer?@andO@Op@ﬁesle_Lhew‘ 80
emul sion for d‘%:’”&b IH°’(5‘ ﬂlesttgﬂ‘f’lq;%‘r .y i "ot usimg:-
li quor equal "t o4 1d ﬁmt@f, AT o7 0|Tm%th
di spersi on and or above ﬁd @ﬁn@@dtoﬁamt ai [l].lﬁgmﬁ-vﬂth ¢cdl 05 gab-oil el megdiim '
stabi | i sation btje betopodfeh eoﬂmwme roc{uct ' Mﬂggiahs@%swiﬂimﬁfﬂgﬂﬁ o
the |iquid mat er Ths matrislsemploysd pmars ap fefloss: o tQ T dal i) of che miseare”
65 Yeast stock Candida lpolytica ' of ‘gas-oil and medium by nieans offthe
* Gas-oil Irag heavy gas-oil : _ system: of capillary oompresswn—-ﬂmjéc"’_ -
" % by wt. n-paraffins 12 tion with capillary submerged.: - 90
Pour point +17°C 3. As in 2. but with the capillary abovef‘iﬂle‘--; .

surface of the liquid (injeotion
_ Aqueous mmeral nutrient medmm —_ The followmg results were obtamed =

-



80 Experi ment 1. 2. 3.

Vol unme of |iquid 3litres 3 litres 3 litres
Dilution 0. 10 0. 10 0. 10
Liquid flow litres/hr. 0.3 0.3 0.3 R
Gas-oil content grans/litre 180 180 180 85 '
Aeratiort v/v/hr. 70 70 70
Aver age size oil gl obules (m crons)
100 10 5 1,059,888 Cel | ul ar density. (grans/7
litre— q 8 . 10 90 %
paraffins consumed by - - - Experiment1-  Experiment,q ~ Experiment 3
. s -No atomisation Atonnsastlonm iquid Atomisation in air
32 65 Volume of iiqmd in fer- .
1, 059, 888 menter (litres) 3 9 3
It s dppar elPlbm{nhme t he use of one col | oi daJIO medi um an@.1thi s suspensi on or
.solution.is Bgﬂ S{hf 3mII produc,7§ an emnul si on whi ch
“is sufficie ,%“1 “ng‘*qﬁ;e‘fog shocE cool i ng 18 orma solid3fn-
. dispersed to fem:r ease the cellisbar densityosig- 1iquimosuspension of the
f eedst Bk i rCeihHe' ¢m%mladanls/ ni ficantly.
- medi um size The plsesence of Qeast in the é15rul si on nmai n-
13. A process aﬁf b,g,ﬁ to clajogp 12 in g9 6 tains the
hi gh degree @ d&isﬁoﬁ)ﬁﬂ:&,lhﬂn and appre-- which the | qU| d-éh-11iquid suspension
is forMd 7% n-paraffins consumed 41 - ci a0y i nproves t#e growth of the
yeasts. = DY vill Béthotddifiht Eispetsiofl b Gdpilldry RGN Thd ferrinfer @mployed was a five- 35
li quid neuimm whpresiably dowgts the telindidisiant Uit fermenter as dmnbed in Example 1. VWHAT VEE

hil the of
GAM | men :afz:sfh:m,ﬁwzs;‘;a& S0 B IR A PETOr e, 1 ecdst ook
1. A PROCEs oy Bk sgﬂmrfsessea fHowat i according to any
one of altering the degree of dewaxing0) a m Cr o- HE@ﬁﬂtanWpﬁﬁt grigYg;ngioon a

clains 11-13 in which the I|qU|d medi upnpxnal paaffing by wt. 12%)

feedstock consisting,wheldy or in par I‘{.‘l’l’;ﬁtafqu;%“%%fﬁi gﬁ or @
hydr ocar bofiPRasle illustrates the use of feed- as described lih le €Nal n ydr ocar bons,
sai d niscrsociofoyhdd-by the dlsp%on 4 plbpess aThofolliwig ekperimbmd were dndertaen 45

i sm bei ngffig e éat ed | t5p esence wifh - Oidlect divided phase

consi sts melted i & cont r and gf;gg:s, ar gﬁﬁﬁ% ¥ REMRY esence of
\ .an aqUEOLF e&!dtd’s'a' fine&5persiGn) 1. Culture:wx'thorrdumryheav}&sdc)ﬁ‘aﬁ'th-mi‘dI um and
in the30proelstwmedmﬁmath asnmter,i:&gaﬁ I’OCGS@t Elmndyagmimwmny one ofsot he 80

p@emwowf greiwi - whi ch
~cont ai.ni rf ? %@%ﬁt SR q%m rrr:aﬁter, in
aadbddm-
I+ X

~CONpri ses be made either int '%
“whi ch cul dotiy/ By the uﬁJ&ranv@&tefrfaaegf stm&afon tion takes

-place,ggin. the formof small paghi Gl &s- mxmgthe d|s wth a
m croosrsganl sm 2. A process aq&g,;sghﬁyr?lgzt Gaﬁdhahtmlﬂedl n3' passi ng the
m xture to- avVdarennénigegd (et ai ni 203 the particles are

of an aver a lugipry less 9?&0 orga é% an aque éonutrlent medi um
o an aver R o n aaueof

60 - . Liquid flow htres/hour . 03
-7 Gas oil substrate grams - _ o
- g, per litre of medium . - 180 Z.? - 180 - 180
= Cellular density . 4 . -85 9
;. hge Size--of. substrate .par- : R : o
65, ,.,' _ ticles (miorons). 100 R I C 10
o i: Dewaxing % by. wexght S - '
_‘ N of paraﬁ'ins in feed 32 69 73
~ .

’Fhe use of a ﬁne daspersxon of gamch or of Gas-oil féedstock and the culture medium

\gas-m] enriched with solid paraffins produced were pumped by a wotary pump to an ultra-

: 70\by-an air atomiser resuits in a marked increase  sonic vibration apparatus known as a “siffiet

int_the-cellular density for the same dihition. liquide”—“fluid whistle”. This is made up of

This shows that the availability of normal a very fine steel plate mounted in front of a 85

paraffins can be thus increased; the practical flattened tube which constitutes the flat jet
interest lies in the :improved hourly produc- by which the liquids enter.

75 tion of yeast and dewaxed gas-oil without The assembly was mounted in a cylindrical

altering the quality of the latter. container forming a resonance chamber.
The frequency employed was of the order 90
ESAMPLE 3 ' of 20 o0 22 KC/S. '

This example illustrates the use o'f a lfeed- The outlet of the “whistle” was conneoted
stock which has been dispersed by ultra-sonic 1o the fermenter by means of a flexible plastic
80 vibration. pipe of 50 ems. length.



than 30 m crons. and a free oxygen-contai ning

gas and wit h- 3. A process according to claim2 in
which drawi ng a product stream contai ning a mcro- t he
aver agedrameter 15 tess thamn 10 nmcrons. or gani sm growrt 1 the-fermenter—
4. A process according to any one of the 17. A process according to any -
one of 25 preceding clainms in which the small particles
claims 1-15 which conprises formng a dis- . 90 are

formed by gtom sing a |iquid phase feg@sggspersion of a hydrocarbon -

f eedst ock |-H—H—emrd———————————s+cek—ﬁmmrueeus—p-ha-s’e—or L
into a gas medi T femithieh wasom fied-is: antitiueyer sApAFidredand compressed o
phase. Germenter es described in Esamgle 1. | TheCHifdingR 00 &8 ultabGlE Hste@l 10

passi ng the mix- Mate"alscﬁlga"yﬁd e 5s showmpbysbedslowingoapedinays:t-o cl ai m 4

in which tuse tgasanl.t.ge 1}’.&3’“ abdﬂtaﬁﬁga ni. cPulpure rwithout preliminary dispersion i

30 the small liqui dlmmmloés-pmﬁwed in gas phgeesollsm an aqueous T
nutrient medi um Q#@reanetiupe-Aqoegus minerel nutrient © 2. Culture with glwg-senico disfessionedf i pto -
a liquid medium for °d6%§’e?ﬁ%‘8?qtlﬁlw das a8t hdrawing a pr o-
exanpl e an aqueous pﬁﬁ,@gmn duct sty eam coptaining a
m cr o- or gani sm ' ' 6. A priedigmrsian)c (DBpeis@pnl O any one U
of the grown in theVﬂ@? 3 lires preddieng claims in
whi ch a di spgrsion o e?f,‘l‘;njg a8re &gs din 0to EIthEigoof clains .

35 small particles Dﬂutﬁn| | qU| d carr| um aroq ‘16 or 3f in which the [+ -
m cr 0- or gani sm whi cthilﬁld)ﬂowhmes/[hassed | nto the feodenter. 03 - '

i s present |nthefe : . fermenter’ ;4 - : 9 7.

A process acgor di ng g?s'g :’gﬁes inl €52 sllgast 2

1-5 in which small I|qU| yarticl es are 19. A process according to any

one of the .  Itis apparentthattheulm-som‘f:disMnWat tiher chdralef @ reinssnile of dnyccnlmaaect

PR 5 o T

yeast . . with a drawing-off system and a pump.
20. A proc ess ac@mcdn incthis. wax:ina‘cam thdﬁwat pro-  The pH was controlled using electrodgs. and\

process accor didd ‘°¥Ul“%fﬂ‘g” ﬁ%g &h 2 'é:?"é‘é@?m} meier. t he fami|y 60 L
Crypt o- an%pgﬁcf:ble sh%mgg of cl aln h"¥He i quid medium .~
coccacceae. 35 tme. .. In V\:hl ch Yda@_aa{diaaqipagucare di sper sed [
consi st 21. A proce;ﬁgEal;glt\rroi;‘;l!g1 ﬂgb}iouC|o%l m GR@ili-feca gasml Pour point +h11&7°C45 of - .
aqueous nutrient?! i e stabrlisation i _"* .S of t ST
sub-fami | y CryFﬁ-;c?;"fli:tcgs‘f;cfa}-s1onsusedasfeedstockbymeans V\’(Hde;'ung jacons é;cBP‘&f‘ﬁg‘?o
any one of t4se Digehhdeca gas-oil feedstock in a Mr—mlmaraﬂeﬂnpml ainms in which -

smal | 1iquid panpmeraln@@umﬂaﬁﬁa%‘éslgna%E@P o cl ai n;le21 in ticles ar e o
Formed by o spEALHE LS iﬂﬁmﬁﬁ%&%h %@ﬂ@ml absir;ﬁfﬂmm o
Tor ul opsi s. tems mountéd on the same axis of hgto ..

a gas 23. 45A thpit B3 9SS’ accord| ng to claim catied out:

phase under the %&mﬁbﬁw m}‘}ed sonl C waves. 1\%‘ opmwbayhm Qfeh!tlmﬂh,ex

genus Candi da. outlet of the apparatus was connected %ﬁ%ﬁth %%\O any -
one of clainms pya stlgl- L O Clpaﬂslﬂii lididal mill: btft without, 75
1-3 wherein iOhésefthmmbme;l presénf e he  \shabilidationHhy y;aast i's-CangdEda

i polytica  liauor equl to sbout $% of che Y"Bﬂ‘ﬁ)‘ﬁf shff mrg@m%moﬁme spession and:

25. A process f}"gmt mm?—agﬂﬁ ilisation

geast to the mlet of the oollmdalﬂd
process according to ckaim 10 in"*cl alms 1-18 i n whi.ch the m.cro-oFgani sm

i's 80 55 Byperilensal | solid parlticl es2.are Iorrred as‘,awf'_ R
bacteri um o Volumeofizqmd . 126 Jitres 3 litres 3 ltres . S o
suspension in a I|qU| d ”Eﬂt‘ﬂgﬁﬂpvyhﬁ&ﬂﬂ‘ sing g’g) 'ﬁpocegsg ‘acconding: .
any one of the- - Gas-o0il content gramgm*;r&ecj figedst ., gy t he.. pres_,_ce or e,
absence preasedl ng cI ai rrsAﬂmuowIWVhrthe feedstG@k 1's70a 70
of other constituents blss di um et ro eumf action. :

which is at a tem)eratur(ggn§n {yh m/tl ng. 7. A proc ss. accor di ng to

any one of the : poi nt of uhe f gedst ack, whereby shock
cooling pregeding cI ai ns%lmmmmwmdrbm ght chain 125 T
of the feedstock. takes pI a(‘l”é S -h%roca‘?sbonsslare renoved froma '
petrol eum : . 12, A process: accordi ng ‘to: ch. al m..10 in
fraction with productlon of -a:mi cro- or gani sm “whi ch

there is formed a liquid-in-liquid sus- wherein the feedstock enployed for

the growth pensi on or solution of the feedstock in a

liquid of the micro-organismis ‘a petroleumfraction



1, 059, 888 9 It is apparent

that the use of the colloidal nediumand this suspension or solution is
subl 65 m ||l produces an enul sion which is sufficiently jected to
shock cooling to forma solid-in- di spersed to increase the cel I ul ar
density sig- liquid suspension of the feq%;&s%gk in the liquid

nificantlys nedi um 5 The presefice.

ofyeast in the b r@n thatythe -use of 1Bk onnmmmmaiﬁm&ﬁ&m[sdhdﬂ&sﬁﬁofskﬁhﬂ:s s"uE &
tai'ns the high lﬁpaf}@‘éﬁrﬁ uifieiently pdected to \shyick frodling b ifepth 6l-sblid-ind QU d
suspen5| on i s hik afﬂ“?tylshgpr %m‘tsrféﬁ@r%\f&erfeeémknemym s.
Iby atg Shngﬁ nelm?}ﬁlzlmdeloﬂyeﬁﬁadﬁ&&ﬁﬂ:&hlﬁaﬁ- 13. A process a“c% 12 in

i quid medi um @ appe-  which the Lif\fitiih- dGﬁMﬁﬁ formed 70 - — -
above the nelt Py W‘Wfse%‘f g’t"ﬁ'é‘ 9 dhrreete k. bY amsmglmelmd h)téséstmhmgg a
comprises cul'ti waATOVE CLAfM 1R:_process ac F(,‘f:‘, ?iEOIQ Q}Fem
m cr o- organ%sml Qapatessewhith 8 Gultifatidg ClBH %6 Lﬂ qU| d
mediumis 8 mICIo-OBRIESS @rewingtgnn claimllll-y-lbﬁn whiic éﬂquﬁd mccﬁﬁinmu'tyous
phase or a hy ey “mﬁtrs%aamﬂzmz’m?agﬁﬁf ki o
m cr o- or gan- 1sm ing Aultiyated G G5 ek QF qu 4 %;Erdmcgon?stscl g eo@i ng
cubttivated w F@srbermeméofaalaqheomhumh h aﬁmﬁm,s ase consi
agueous fﬁ? & caas of lénAamf@s@g:oxdmerto any ?mtdflmntso
i um 15 ielp}es 4 ﬁﬁ% %@ omprises\ @ss. -
or di ng to m,mmeméafsmaupmaant R smé'%ﬁq the

2dst ock WIW(} hlplsesasimym tt&etoa'fermdnﬁ:rﬂd’n in
fermanter,thg c;f,ﬁ: iR F5age digpesss ot orgenismetpovots numien hedigmi @85

R um tBom boakE5cidifE R, clab 2 tid) r g"ﬂgm‘ ¢gas an ng t he
di-persion wi tthe avetl;gttdmmc % ; 1%) m:?}ulﬁp &Q&gg SL aﬁng ﬂ;ﬁ%a%“%'l aim1l
1S.

NE h whi ch pg,ss n)aoﬁeeqf ter17cdn'papem mordﬁg tol 419 ¢neréfi | es

arg of an avergg d%}@iﬁ%{ n%h@ smn gﬁlﬁ)mgomm %t

medi um 85 stock tifd@an QEQueBﬁsCﬁlﬁ&Sor into a gas medlum Wh-lCh contains a Ed' ree
oxygen cont ai rﬂ as and wth- miqu&frghﬁEﬁ,Sthaféﬁf& th u@,l m 2
. giv\/m ch dgoavyh s g lesasf't:nr;ebﬁnf Tikiel n} oa ferimenter conmmmga @o-angmi-age
Rie - me

meter is | Qe ua ggmmacrh Eqﬁm‘ﬁn yepent rﬂ“éra free
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