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SUMMARY AND CONCLUSIONG =

. - P
The current Indian lube oil : production: does not meet its
- - . 7 ' 1 ]; Y\
demand: and import bill. for petroleum products including
1 - i

o, ‘ v ' N }
-lubricating oil has been ever increasing .

PDifferent qradeé of lubricating oilé are wmade from heavy

petroleum distillates or lubricating ol fracticns boilifng in the
range of 350-550 °C involving following separation-steps ' (Nelson,

By

1998; Marple and Landry ,1965). -
a) * Solvent extraction of polycyclic . aromatic

hydrbcarbons present in the vacuum distillate to

i

improve the viscosity index. }

b) Solvent dewaxing of the waxy raffinate by Ehilling

and filtration for improvement of flow properties

of the oil which is measured by pour point..
i .

5

N
Solvent dewaxing operation in the 1lube o0il manufacturing

i

process is by far the most expensive and labour inteqéive to
achieve the desired pour point . Maoreover redesigning the entire
| process conditiods becomes essential on variation of co@positinn

of thz feed stock. Some desirable saturates get sebarated by

éhillxné‘cperatioﬁ (Ramage ;586) . Consequently, Assg% crude
v rem&iéed unsuitable”_as feed' stock for lﬁbe production - and
in&ig&nouéjproduqtion of lube depends 05 imported Gulf cwu&e.

- n order to reduce cqgt of ogperation and to increase vield
devélppment‘af qiffernt dewaxing methﬁds are in progress.e.qg;

W T

Catalytic dewaxing (Bxll and Marmin, 1979 )}, Urea adduction

ol
(Rogeirs,1957) , and molecular sieve adsorption (Symoniak, 1980 ) .

!
b

However , there are some advantages and disadvéntaqes ‘aééociatgd

i
'

i
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with each of these processes. '
' Dewaxiné of lighter petroleum fraction i.e; Gas 0il (b.p.
250350 °c) by biological system‘has progressed much in  the last
two decades and the process was applied successfully for
commercigl production of Single Cell Frotein ( SCP ) and dewaxed
gas oil ( Laine and du Chaffaut, 1975 3 Moo vyoung , 19746 3
Litchfield; 1977 ). However choice of petroleum iractiod’ as Teed
stack for'SCP production was restricted to middle dis?illate (
250-350 °C )} and use of heavier petroleum fraction (350.% s00°Cc )

i

i

for this purpose has not vyet begn‘repcrted.
With a view to develope a cost*ﬁffactiwé simple ?;chnnlogy
for production of lube o0il and &CP , microbial dewaxing of
iubricating oil fraction would be worth exploiting .
The bresent work was thus aimed at the following objectives :
i) Development of a dewaxing process aon' heavier
petroleum fraction at ambient conditions applying
microorganisms.
ii) Operational flexibility for the use of feed stocks
(vacuum distillates) obtained from different crudes.
iii) SCP ( biomasg } obtained: as by product of the
dewaxing process can be substituted in the cattle
feed as compared to slack wax obtained from the

solvent dewaxing process which does not have market

due to high o0il content ( 2535 Z ).

The following five chapters an  the thesis described the

~3ifferernt aspects of the work .
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3.1,

| ' ) @
Introducing the present status of the dewaxing technology for

lubricating o0il manufacture , the limitations of the processes

were highlighted in Chapter I .

[

Progress made on SCP production and dgwaxing of. gés il
fraction as Tfeed stock was summarised*’from the available

literature in Chapter I1 . Among the different hydrbcarbon

-~

utilising microorganism ; yeast strain , Candida 'ﬁaé found

sucessfuliy applied for the produciion of SCP and .deweaxing of

gas oil. - x ‘ ’ , '

3
'
[

Chapter 111 covered the experimental seF up , equipment and

'

&hemicalé used for the study . Methods followed: X for the

determination of different properties of oil "aﬁd biomass

specially , the determination of specific growth rate%and power

|
“input to the culture fluid were also described in this chapter.

] - i
Among the feed stocks used in the Study , one (sample’' "A" ) was

processed from Assam crude found unsuitable for lube production

.n _Barauni Refinery due to its high paraffin content whereas

. the other sample B processed from Gulf crude is a regular feed

¥

stock for lube oil production. C

i

n Chapter IV the experimental resdlts obtained in the

.following aspects of microbial dewaxing agf heavier petroleum

‘rattion were. discussed. y
Candica trapicalis , 2 locially isolated Yeast strain
was founrd higher adaptafian capacity than that of C iipalytica
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. p
in the shake flask culture -studies.. Hence ' the strain
' ' ! - - '

C.érapicalis was selected for further studies.
.Three different stages of %nteractinns were obgekvea between\
fhé‘cells-and;semisclid hydrocarbon droplé?s. ‘
i) Attachment of yeast ‘cells. wiéh large oil ‘droplets, .
ii) Emulsificagion of large oil dro#iefs and formation of smaller
drops of hydrocarbon during growth phase of the'Stﬁain,

iii) Pseudo-solubilisation of o0il/ water emulsion containing

majarity of ygast cells in free sitate at the completion of

groéth phase. - - ) '

H
t

3.2, Optimisation of growth parameters have been recorded in

Chapter 4.2. The optimum temperalure Eange of 36-37°C was

observed for the maximum sp. growth rate of 0.27 h~1 for

-1 -
22_240 ¥ and 0.38 h for n.paraftfin \(814—818)-h

Higher energy of activation ( E , 67.7 K J. / moles) fof growth

sample ‘AT ( C

of the strain on ,vacuum distilléte» ‘A° was observed éé
compared to that of n. paraffins ( E ., 58.5 K J '/ moles)
' pé?haps due to émulsifié#tidn constraint faced b§ the strain
during growth on 5amp1g hA‘. Naxiéum decrease of' pour point of
dewaxed oii uaé'qbserved at _37°%C ‘which would be' ‘favourable

because low cost of heat removal can be athieved by

'

o

circulating tap water (25-30°C). - o

The optimum pH range -of 4 to 4.5 was obégrved for
!

maximum sp. growth rate of the strain which : would be

C , !
favourable for avoiding contamination problem in largF scale

aoperation. Decrease of pH was observed during growth of the

¢ strain due to assimilation of ammonia as nitrogen ' source by

-
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h I 1 B
'the strain . However increase in pH during. stationary phase

t H :
!

may: be due to endogeneous metabolism of the strain..
¥ ' f

Substrate concentratién up to 40 g/1 did qot havei any
inhiﬁitory effect on thekgrowth ané dewaxing of oil,. However
poar dewaxing and qgcréase of yielﬂ u% biomass- were observed
at higher 0il ' concentration £ 160 g/l ) pérhaps due ' to
disperéian limitation of the hydrocarbon flocks‘ in iha

~ i

fermentar used in the study .

i
P

4.3, Batch growth studies indicated that—long lag qphase of

. thg &istillate sample 'A° was due to emylsific%ti;p of the
semisonlid hydrocarbon as compared to liquid mass of samplé ‘B
‘w«.Logarithamic growth phase indicated tﬁat dewaxing of vacuum
,;digtillatgs was a:growth associated phenomena . Inéiql’ higher
Spa qro@th rate and lower dewaxiné rate'were observed due to
preferrant;ql assimilation of short chain 'alkanes ‘over  long
chain alkans which we}e assimilated in the latter }phdse of
growth. Higher dewaxing rate of sample "B ° . was. nbserQed in
comparisaon . to sample ‘A ° w@may be due to variation of
composition of theidistillate samples. However an Dvérali pour

- péint depression of 30°C was nbservgd for both the &isﬁillate

samples .

[

A iow yield of biomass was ocbserved due to assimilation

' o - - i
of long chain alkanes in comparison to n.paraffiﬁs of shorter

chain length as carbon substrate { Yield and and productivity
of dewaxed oil * however can be increased in semi-continuous
.Dparétion as compared to batch oprration perhaps due to higher

concentration of bioemulsifier befng present in the culture -

+ '
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: |
- fluid during semi-continuous operation which enhanced the

assimilation of alkanes in a shorter  period than the

i

corresponding batch operation .

4.4, . © The Fheological properties of the culture fluid
indicated that' higher viscosity and ‘non - Newtonian
charécteristics prevailed during in%tjal growth phase due to
emulsification of viscous oil samples . Hencé the ,sgale up
studies were conducted based on the ‘data\ of- differept

parameters obtained at initial growth phase to avoide the

failure of the system. The hydradynamic' behav;or"bf’ the
oil/water/cells flocks showed that the system is a’ dispérsion'

- ! : ? ' [
limited process rather than limitation  of wmass transfer of

‘oﬁygen'in the system . It waé confirmed from the scale up-ﬂata
that suitable criteria for scaling up of the system woula Be
3eqﬁal ﬁower per unit volume ( P /7 V ) . However one haﬁ Fb‘
take care of the high motor power‘requirement in large stirred
tank . fermentor "

Hence suitable -choice of fermentor is rquired“.to © make
the svstem energetically efficient as compared to solvent
‘dewaxing wprécess. Recent Idevelopmént in the design of
bioreactors indicates that' JET FERﬁENTDR would be effective in
proceésing dispersion limited systém with’lower input b%~power
as compared to stirred tamk: fermentor. Increasé of
-productlvity of dewaxed 0oil may pe expected iin the jet
fermentor due to its continuﬁus operation as compgred‘to batch

4 * i

or semicontinuous aperation .However these aspects could not
[ "y s

1

be studied further due to limitaticon of time.
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¢ £4,5. The distillate oil-water—-cell emulsion obtained from the

fermentor was characterestically different from gas
t ! 1

oil-water—cell emulsion . Hence application of leachinq would

be ideal for the recovery of dewaxed oil . Further gtqqies are

ERE

needed for the optimisation of the entire operation’..

t
l

4.6. The analysis of dewaxed o0il indicated that yeast strain
C.Trgpicalis selective;y assimilated the long chaiﬁ‘pgraffinic
hydrocarbons present in the vacuum distillate leaving the
aromatics rings s naphthenic and branched paraffin

: | hydrocarbons . Hence microbial dewaxing procesé in combination
with &eéromatisation process e.g; solvent extraction has the
potential to become an cost—effec-ive alternative - technology
for the production of lubricating oil . ‘

The compasitinn of biomass indicated that it is

"coﬁparabie with n.paraffin grown 5CF . Hence’thure is a8 scope

for pgilisation of the biomass as SCP in the cattle feed as
thé depand for cattle feed is increasing . |

" There is ample stope‘far further studies on microbial

| dewaxing of heavier petroleum fraction on the above mentioned

aspects and based on the data gensrated from those studies a

true ecanomic comparison can be drawn with the existing lube-

'

oil production procrsses.
T ——— i
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