CHAPTER 1V

RESULTS AND DISCUSSIONS



4.1- SCREENING OF YEAST STRAINS



4.1.1. Screening of Yeast Strains

~Among the hxdrocarbbn assimilatiag ﬁicrooxganisms, Yeast was
found suitable for SCP pro&ucticn from 1liquid alkanes (Cy, Cnj)
because of its higher’yield’coeffici&nt (0.8 to 1.0) as compared
to that of bacteria and fungl (Rehm and Reiff, 1981).‘ Bacteria
generally produce‘ oxldlised derivatives of the assimllated
hydrocarbons (Rehm and Reilff, 1981). Moreover yeasts have got ‘the
advantages Qf being larger in size and possesylower concentration
of,nuqleic acld compared Lto bacteria (Scloman, 1985). Yé&sts
belonging to the same genera but of different species were used in
Single éell Protein. production and for.microbial dewaxing of gas
oli (iitehfield, 1979; Moo Young, 1976; Cheiplgo, 1868; Katrush,
19789; Kockert, ef.al., 1876). Among the hy&rocafbon assimilating
yeasts (Table 2.1) Candida genus has been uséd wideiy fTor dewaxing
of pétrqleum fraction as well as SQP production and has been
tested extensively for acceét&bility as protelin substitute 1n
cantle feed (Shukla, et.al., i979; Earnerkgr, 1983). Based on
these favoursble aspects, veast stralns Candida troplealls and
C&ndiaa lipalytic& had been primarily chﬂoséﬁ for the present
study. : o

The adaptation potentiality of the stralns were evaluated
from the growth of the strains by meésuring the optical densité
(C.D.) cf the agueous medium at different times (Table 4;1.1).

éomp&ratively higher ' sp. gagrowth rate of the strain
C.tropicalis (0.11 h—l) was observed than that of C.lipolytica

{
f

(0.06 h™1) (Fig. 4.1.1).



‘The lag phase of C:tropicalis ‘was 18 hrs. whereas
-‘C.lipélytica could grow. only " after éd‘hfs. This shows that the
induction of =nzyme system ofné.tropicalia was faster +than Chat
——‘Gf C.1ipolytica in the presence of heavier petfoleum fraction (A)
Cheplgo, 1968,‘observed that Q.lipolyﬁica could grow efficiently
on n—paréftig in the carbon ;ange of 012;021 whereas the carbon
range of C14—C24 was sultable for maxlmun growth of C.trqpicalis.
It i3 alac evident féom the Figure 4.i.l'that higher growth
of q.&rép;ﬁﬁlis waé observed (optical density,i~0.341 compared to
tﬂ&£ of 'C. 1ipelyptica foptic&l &gnsity, ~-1.0) at the end Qf growth
. phase (25th hr.). N o ' ‘
Based on tﬁgse results the yeast . strain, C.tropicallis was
éelected fpfﬂfurthef studies. on milcrobial d&waxipg of vacuum

distillates.
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TABLE 411 SCREEMING OF THE YEAST STRANS ON  VACUUM  DISTILLATE
| A saMPLE (A)D.
I' Time, hr .~ F - txogpice‘alis C-lipolytica

( 0.D. - »ln 0.D. 0.D. ~ 1n 0.D.
16.0 0.36 © -1.00 0.245 . -1.40
17. 0.36 ~1.00  0.24§ ~1.40
18 - 0.39 -0.940 0,245‘w -1.40
19 0.40 -0.910 0.245. - -1.40
20 0.45 . -0.798 "0;260 1.3
20.5 0.48 ‘,- -0.730 vd.zvo ~1.30
21 0,52  -0.653 0.280 -1.24
22 0.55 ~0.590 0.300 ~1.20
22.5 - 0.60 °  -0.500 0.315 - -1.15
23 0.62 ~0.478 0.325 -1.12
24 .0.69 ~0.358 ' 0.330 ~1.10
25 . 0.71 “0.342 10.340 ~1.08
26 0.71  -0.342 0.340  -1.08
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Fig.4.1.1.Grdwth of yeast strains in
shake flasks
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§4.1.2 Adaptation of C.tropicélis on vacuum distillate: ‘: o
! ’ L "

Prior exposure ‘of a microbial straiﬁ to éﬁy . petroleum
fraction piays an important role in increasing , the’ hydrocarbon
oxidizing potential of the orgenism and this éhenomenon 1s known
gas adaptation (Spalin _and: Vgld, 1983). Thgpe~ are three 1ntéf

,related mechanlsms as ‘given below by which adaptation CEN OCCUr:

1

a) - Induction and/or depression of speciflic enzymes. | ﬂ

~¥

b) ! Pheno type genetic changes which result in new metabolic

1

icapabilitieﬂ. ,
e) 'Select;ve enrichmenf of orgesnism (g):which. ﬁré capable
of transforming the components of 5 ﬂpetroleum fraction
of 1nterés§i . R i j{ L .
. ‘ ! . ,
Selective enrichment of the organism has been(widely observed
in studies of petroleum degradation in the environment as reported

by Colwell and Walker, 1977; Atlas, 1481; Floodgate, 1984 Bossert

[

[

and Bartha, 1984. C : . L

Shake Flask Studies i .

Earlier studies' (4.1.1)' indicated +that ' the lyeast btr&in
C.trqpio&lié posseséd the inducible enzyme systems which supportedl
the growth'of the -strain b; high boilinéf}%etfoledm " fraction
(400~ -490° c) s containing‘ moré zpolyaromatib‘ hydrocarﬁdns tPAHs)
along with saturates with more branched and cyclic compounds as

§

compared to n-paraffin (C,,-C,,) and gas oll fraction. Moreover
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“the éhﬁsic&l state of the hydrocarbon selected for dewaxing was

seml so0lid iﬁ ﬁ&ture.’

1

Biuer and  Capone, 1988  provided . evidence for

“Cross—acelimation” of mixed microbial culturé, in which iexposure

1o one compound affects metabolism rate of a compound of similar

structure.

The adaptation capacity of the yeast, C.tropicalls was tested

-in the shake flask culture and the sub culturing -of the atrain was

done. The study provided the observailon that there are three

" distinct stages of interactions between the growing cells and the

seni solid heavier_fraction..The'threé phases as observed under

"microscopeﬂaré sﬁown‘in Photographs (Fig. 4.1.2). The microscopic

observation was made ‘at & fixed magnification (X45) for all the

cases.

* . £

Phaze I: Attachment of yeast cells with-the large semi solid

bil fragments

Phaée II Formation of 0il drops sualler :iﬂ size than the
’ earl;ier phase dﬁé to enmulsification of the semi solid
o1l fragments. Yeast oél}s co@pletely covered the
surface of the oiiidroplets.‘
Phaze IIIA lpseudo solubilized :state of oil/water emulsion
containing majority of yeast cells in - free satate. The

" 0l1l/cell droplets were found smaller in size than that
of Phase II. Hydrocarbon layers had disappeared and got
uniformly distributed throughout the culture broth in
the flask. :
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The three distinct phases of adaptation of yeast on heavier
petroleum fraction and physical change of the hydrocarbon in the

shake flasks are shown in photograph 4.1.3.

Fig. 4.1.2 Phase | Hydrocarbon fragment (H) , Yeast cells (c)

Fig. 4.1.2 Phase Il Hydrocarbon droplets (H) , Yeast cells (c)
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Fig 4.1.2 Phase 111 0Oil in water emulsion
Hydrocarbon droplets (H), yeast cells (c).

PH

4.1.J. Physic,! examination of shake flasks for phase | (PI)

Fig- Phase Il (PI1) and Phase 111 (PHI)
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4.2 OPTIMISATION OF GROWTH PARAMETERS



“4.2.1. Effect of temperature on micredbial growth
B 1
Microbial growth and product formation comprises of a complex
series~of egzym&tic reactions which_like chemical reactions, are

influenced by temperature. Growth of any microbial population can

'

be described by th&-equation (4.2.1)

dx .
_ : = HX - Kx  ——mmemm—— 4.2.1
at
or, 1 dx .
- = u - K--—— 4.2.2
X dt ‘

-

where . is the growth rate, K is the death rate and x is the cell
concentration. Thus the observed Sp. growth rate, 1/x.dx/dt 1is a>
balence of gronth,and~death of the population of cells. The growth
of the -culture predominates when u 5> K during exponential growtﬁ
rhase. As both u'aﬁd K are temperature dependent, the specific
growth rate of—&ny organism changes "with the change of growth
temﬁerature due to cumualative effect of rate constant, Q'and K.
Most of the hydrocarbon assimilating zeas%s exploited for S5CP
process development, a;e:‘classifieq as' mescophilic (30-40%) -
organiszsms (Litchfield, ;977).How§ver, bilodegradation of petroleum
was' reported even in extreme écnditiﬁns.”Huddlgston and Cresswell,
1976 observed petroleunm biodegr&&ation in soil at -1.1% in
contrast té " the existence of thermophillic alkane utilising

bacteria as reported by Klug & Markovetz, 1967.

-
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In order to find the effect of temperature 6h speciflc growth
of the. yeast 5tréin C.tropicalls, growih tempefaturg of the Dbatch
\culture was varied fr6&~30,to 42%¢ usipg n.parafihs (Cl4~020)r and
vacﬁum diztillate’(ézé¥c4o) as’carb9n substrates. The experimental
conditions e.g., pH, ;nitiéi substraté concentration, aeration and
égitatiom rate were kept same during each batch opefation.

The yeast strain maintained a growth phase in the temperature
from 30° to 36~37?c ﬁnd %he declined growth phase pre;ailed in
the -short span of 37° to 42°c when death rate; K >> -growth rate
of the cells as shown in table 4.2.1; F

The atraln has exhiblted the maxlmum specific grcwth rate of

0.38 h“1 at 35-36% on n.paraffins (014*018) and a specific growth

1

rate of 0.27 h at 36~37°c on heavier petroleum fraction

(022~C40) . The higher specific growth;rate of the strain on short
chgin~1iquid alkanes (C147C1g) was observed as compared to that on
longer chain aikanes (022—040) in the mesophilllc range of
temperature (Fig.4.2.1). Dostalek et.al., 1868 observed the
similar behavier wiih C.lipolytica grosm on  n.alkanes of carﬁqn
chain le#gth of 0104014 and Cya-Chy p;§sent,in d;fferent‘ gas oll

ffacﬁlanz.

Activatlon Energy -
Temperature dependance of sp.Egrowth rate, u and death rate K

of microorganlsm Qbe& the Arrhenius correlation (Ea. 4.2.3), as

described by Pirt, 1975. ‘
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_ E/RT ) _
¥ = Al e ‘ 4.2.3

or, in u = In A — E/R.%/I . T 4.2.4
where R is the gas constant - {1.98 cal/male °K), T is the
temperatﬁre (nK), A is a constant dependent on the frequency of
formation of activated 'complex; of »éhe enzymes and substrate
involved in hydrac;rboﬁ metabolism and E.is the acfivation energy
(K J7/ @olé). The calculated values of natural logarithm of Sp.
growth rate, {In x) and 1/T are given in Table 4.2.2. Activation
ene}gy for_grawth and death phases of {.tropicalis growing on both
the petroleum fractions were calculated from the slope of the plot
In u v/s 1/T7T as shown in Fig. 4.2.2.

Higher energy of activation (67.7 Kd/mole) for growth of the
strain on vacuum Qiséallate (A) was observed as cb@pared to

I
g

activation energy (58.5 KJ/mole) on n.paraffins (C ) which

14 Cg
indicaieq that inspite of similar metabolic pathway followed by
the strain for assimilation of short and long chain alkanes,

higher activation energy was required by the strain for growth on

'

-long chain alkanes (822~C40). qua et.al., 1981 have estahlished é”
direct correlation on energy of activation and maintenance energy~
of the cells and observed that higher ‘pefcentage of carbon
substrate was used- for cell maintenance when the growth
temperature was increased. ~

The uniform slope of thé plot (Fig. 4.2.2) either for growth
and deatg phases indicated the absence Af any shift of 6 wmetabolic

process due to activation or repression of enzymes with the
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l

increase of temperature. However, similar phenomenon was observed
‘with the growth of E. Coli on glucose when growth temperature was

increased beyond 2500 (Pirt 1975)

1

Higher activation energy of declined growth i.e., 605 Ki/mole .

(higher alkanes) and 247 Kd/mole " (n.par&ffins) was pbserved as
compared to their fespectivé energy of activation for growth (Fig.
4.2.2) beéause cf‘the aen&turatién of:enzymes proteins lassociated
in the hydroéarbon metaﬁoiism and 1o§ molécﬁlar diffusion of
hydrocarbon acrossvthg cell membrane {Wéng et,al;, 1979))

The Table 4.2.3 shows that the gxaduﬁl_ﬁecre&se of cellular
yield from 6.12 to 0;06 on heavier hydroearbogiwas observed when
the temperature was increased from 34%¢ to 4200 due to higher
d&mand of m&inten&nce energy of Ctllﬂ with the increase of
temperature (Pirt, 1975; Topiwala & Sinclair, 1972). - Bowever,<
there was an incréase of cellular yelld from 0.05 to 0.12 when
' temperature was increased from 30°% to 34% perhaps due to lower

maintenance energy regquirement in th13~range of temperature.
‘ The dewaxing of vacuqh distillate (A) was observed maximum in
the temperature range;of 3400 to 37% as indicated by the decrease
" of pour point of the oil fraction‘frbm 48°c to 18% (Fig.4.2.3),
However, gemperature beyond the rangé 34-37% was unfavourable
because af decreaﬁse‘of cellul&r yield

The optimum growth and dewaxing temper&ture at 37% would be

favourable for low&r operating cost of +the ' process as higher

cooling efficiency can --be achieved by circulatiug tap water

(25-30 c) in the fermentor v '
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TABLE 421 EFFECT OF TEMPERATURE ON SP. GROWTH RATE

Sp. growth rate, hﬂl
Temperature, :
o, ‘ Vacuum distillate(A) n.paraffins
(CooChg! (C1547C4g!

30 0.15 0.27

31 6.17 0.30

32 0.18 0.32

33 0.20 L 0.34

34 0.22 0.375
35 0.24 0.38

36 0.26 0.38

37 . 0.27 0.30

38 0.26 0.24

39 0.16 0.16

40 0.06 0.12

42 - -
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TABLE 422 DETERMINATION OF ACTIVATION ENERGY

Temperature (T) /T In Sp. growth rate, h_l

(=)

K

Vacuum distillate(A) n.paraffin

(CanCao? (C147Cyg)

303 3.30 ~1.90 ~1.3
304 ‘ 3.28 -1.83 -1.2
305 - 3.27 -1.77 -1.14
306 3.26 -1.61 ~1.07
307 3.25 -1.52 -0.98
308 3.24 ~1.43 -0.96 |
309 3.23 -1.35 ~0.96
310 3.22 -1.31 -1.20
311 | 3.21 -1.34 ~1.43
312 3.20 -1.83 -1.83
313 3.19 -2.80 —2.12

o8



POUR POINT OF OIL

9]
s

Temperature, Yield of bolomass ~Pour point of
o¢ i gm of biomass dewaxed oil,
Y o¢
gm of oil fract.
31 .05 27
33 0.11 ’ 24
34 0.12 21
36 0.11 18
37 0.190 18
38 0.03 21
39 0.05 ' 27
40 0.02 36
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—— vacuum distillate A —+ n-paraffih (C14-C18)

FIG .4.2.1 EFFECT OF TEMPERATURE ON
SP. GROWTH RATE (A 1Y),
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Most heterotrophic bactéria‘favouf a8 pH near neutral jr&nge:

(6-7) with fungl being more tolerant of acidic_condit}on i.e., pH.

4-6 (Atlas, 1888). Yeast also gfows iﬁ,the acldic raﬁge and the
yeastlbased SCP processes were operated in the pH range  of 3 to
5.5 (Table 2.5). Among the veast strains,C.tropicalis 18 more
tolerant pé the acidic c0nditio@s £han C.lipolytica. Hydrogen ion
cbncentratipn (') has a ve&y sharp effect~ on ~ growth  of
‘ﬁicfoofggnism because large difference bethéeﬁ:~1ntr§éel%ular and
the extracellular pH across the lcell membrane ¢auses deactivation
of membrane bound enzymes. - | | : % K

Hence thé éo&trol of pH is an important criteria in most of
the fermentation processes. H' conceﬁtrqtion;-in the medi&m is
controlled either byEusing phosphate buffer (ﬁaZHPG4/KH2P04) which
is applied iﬁishgke flask culture, or by using automatic pH
control systei. - _ |

pH af-thg'ﬁedium generally changes duriﬁg fermgntation for
several reasons.. Verkooyen et.ai.; (1980) and Huth (1990) have
demonstrated that wheﬁ ammonia salﬁ is used as the source of
’ni£rcgenz thé pH va;ue decrease? due to the assimilation of R——NHa+
ion as nutrient andAleavinng+ 1n‘the:medium: ;R ‘

‘ On the contrary, 1f niiraﬁe '15 tﬁe nitrogen source, then
'hydrogen 1ons.are reqo?ed frémithé}mediﬁm‘?o‘reduce the N03= to
H~NH3+ and the pH‘tends to.rise. Prokop et.al., (1971) and Huth
(1980) démonstxated that growth of C.lipolytica an"gag oll was

. ‘ I
proportional to the cumulative consumptlion of 10% NaOH per litre

of fermentor broth maintained at constant pH. Growth of yeast,

3
-
1
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C.ﬁripie&llg\gn vacuun distillate (A) was assoclated  with the
\aéﬁféﬁggzggfpé‘of the medlum containing (NH,),.50, as nitrogen
sourcéf.When the fermentation experiménts* were carried out in
MICROGEN, 5.0 L fermentd: turniﬁg oiftshe pH control system, pH éf
the culture broth decreased at the rate of 0.2 pH unit per hour
from the preset va}ue‘of PpH 4:9 In order to study the effect of pH
on the S5p. growth rate of the straln, batch experiments were
conducted~with_ canst&nﬁ_ inoculun size &t different pH value
autémat;cally controlled b} the addition of 1 N NH40H. in the
férmentor. Thé results are summ&riéed in Table 4.2.4. It was
'observea-that the gtrainzcouiq grow in wide‘iange of pH 3.5 ﬁo 5.5
© and éttainéd a‘maximum:ép. érowthexét%-0.27 1'1—1 ih the range of pH
4 to 4.5 as 1llustrated in Fig. 4.2.4u:

“The pour“paint 6f the deéaxed oll obtalned at 'tﬁe, eﬁd of
batch growth was foﬁnd‘minimﬁmvi;e.,418%§,;n the pr range 4 ito
4.5, Hence the dewaxing of the vacuum distillate was observed
maxX L manm in this fange of pH &3 there may be inhibitory effect tof
pH of the fermentor broth on membrane bound ,oxygénase enaymes
beyond the range 4-4.5 of pH. " _

. Gale and Epps,‘1942~shoﬁethhat change in pH from 5 to 8
during the growth of EEColi on Caseine hydrolysate indgcted.,£he
activity of‘diffefent enzymes“énd_heléﬁggested that the amount ’afl

~ the enzymes phaﬁ are regulated during growth s0 as to maintain a

constant activity and compensate .for the effect of medium pH

3

value.

[

However, the optimum range of pH (4 to 4.5) for growth of

C.tropicalis made it advantggeous for the development of dewaxing

&
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process as  the acldic range does

not, favour the growth

undesirable bacteria and fungal strains.

i

TABLE 4.2.4, Effect of pH on growth rate of yeast straln

&

of

pH value Pour pt. of S5p. growth rate,
dewaxed 0il, % ~nl

3.0 30 0.22°

3.5 24 0.23

4.0 18 0.265

4.5 18 0.27

5.0 21 0.24

5.5 33 0.18

105



Sp.growth rate J h™1
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0.16

.010 i I i 1 i {

—&— 8p.growth rate per h

Fig.4.2.4 EFFECT OF pH ON SF.GROWTH RATE

!
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4.2.3 Effect of oll conéentration on dewaxing :

The relstionship between | 3dbstrtatgd_cohcentr&tion’.and Sp.

" :
growth :at& was established by Monod, 1949 as follows

pm . S

Kas + &
where L 13 the specific growth rate and Hin is the maxiﬁum specific
growth £ate, 5 1s the substrate concentration, Ka is the constant
equivalent to substrate concentration when Sp. growth rate is half
of its maximum value. The plot of S v/s 1 showed that max. Sp.
growth rate Hm remains independent qf substrate concentration.
When 5>>Ks which is normally observed during logarithmic growth
phase of most of the batch culture (Bailef & 0illis, 1986). The
A : I

specific growth rate u becomes a function of the substrate
concentration when substrate concentration réﬁains low i.e., S<10
Ks .This situation arises during stationary phase of the culture
(Wang et.al., 1979). ' ‘15 v

The critical value of Ks is obtained by 1ineweﬁver~burg Aplat )
(1/¢ v/s 1/s) applying cgntinuous culture -techniqué. Ii became
very difficult to obtain the Ks value of C.trépicalis in & Dbatch
culture with vacuum distillatés. It was ;fiifiigigﬂa~however, to
empiloy initial rate kinetics at a low substrate concentration for
the determination of Ks value. This method could not be applicable

e

in the present study of dewaxing heavier petroleum fraction
because of its heterogeneous seni solid characteris%ic. The

fragments of the oil fraction ip.the culture broth, aé observed in
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Filg. 4.1:2, pdséd the problem of éispersicn during fermentation.

Consequently, éhe continuous cultivation of the strain c¢ould not

be applied for the dewaxing of heavier petroleum fraction.
However, Ke value of the strain for liquid paraffins and gas

oil was determined by continuous‘culture techniques (Saini et.al.)

1) for

and it wés observed comparatively higher Ks value(0.08 g.1
1

gas oil than that of other  mlcroorganism—substrate agystem e.g.,

0.025 g/l~1 for S.cerevisiae on glucose as feported, by Wang

et.al., 1879. %

In order to study the effect of eil concentration on dewaxing
of vacuum distillate, batch experimenis conducted in 1.5% 1 glass
fermentor at optimum temperature, 37°c and pﬂlé, aefation 1.5 vvm
snd with the agitation rate of 1400rpm. "The 'Esubstrate
concentration in the fermentor was varied from 10 g/1 to 100 g/1.

The. effect of higher substrate concentration on ;the pour
point of the dewaxed oil along with the yield of blomass and
dewaxed oil are summarised in Table 4.2.5.

The oll concentration upto 40 g/1 did not have any inhibiltory
effect on the growth of blomasss by assimilating the higher
alkanes as iadicated by a constant yisld of 6.11 gm biomass per gm
of vacuuw distillate and 55vgm of dewaxed oil ﬁér 100 g of vacuum
distillate. The pour point of the dewaxed oil remained§ same at
18°:. A decrease in biomass yield by increase 1in the oil conc.
been reported by Dostalek et.al., 1868. 1In  the present _;EEEQL-
increasing the. oil concentration from 40g/1 to 100 g/1 resulted in

“a decrease in the biomass yield from 0.11 to 0.008 and poor

. . i :
dewaxingiwas observed from the pour polint rise of dewaxed oil

3
-
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(42%c¢) as illustrated in Fig. 4.2.5. - !
Consequently the increasé 1n-prqductivit§ cf dewaxed oil with
the increasg of substrate concentration during batch déwaxing of
vacuuin distillate‘ for 70 h vas c¢haerved (Table 4;2.5). The
debreéée of yield of biomass indicated the éossible limitatipn of
substrate availabllity to the vyeast cells due to improper
dispersion of heterogeneous ﬁydrocarh@n fraction. The assimilation
of long chain alkanes occured at rate which excéeds of the rate of
hydrocarbon emulsification -and was a function of hydrocarbon
surface ares avallable fon-physical attachment of cells (Nakahars
et. 31., 1977; Wéng, at.al., 1972). Munk et.al. (1969) found +that
biomass concentration was poor at‘high concentration of gas oil
and also reported the increase of freezing point of the ¢il fronm
-20% to 10%. _Laine, 1875 studied +the relationship - between
productivity and gas. oll concetration in the fermentor. They
observed tbat pro&uctivity increased linearly upte 3.8 g.l'"l.h'1
by increasing the gas oil concentratlion upto 20% and bey&nd which
the olil became continuous phase wpiﬂb affected the productivity

aha;ply‘
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VACUUM DISTILATE A’

0il Yield factor Pour Productivity
concentration Biomass dewaxed pt. g. 17ip71 -
oil % |

10 0.11 55 18 0.078

20 0.11 55 18 0.157

30 0.11 53 18 0.235

40 0.10 54 18 0.314

50 0.08 | 60 21 0.428

70 0.06 68 27 0.66

100 0.008 80 39 1.14
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Fig. 4.2.5. Effect of oil concentration'
on dewaxing of vacuum distillate’' A’
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4.3 GROWTH STUDIES



4,.3.1. Dewsaxing by batch operation :
During microbial dewaxing the n a%kanes present 1In the
petroleum fractlon are assimllated by the microbes to synthesaize

biomass. Therefore , dewaxing 1is expected to be LA growth

assoclated phenomenon The kinetiés of such reaetions, in a Dbatch |

operatlon , depend not only on spe01flc growth rate () of ‘the
strain but also Gn lag phase and the changes in the proguct during
stationary phase. The “productivity of the system can b? enh&nced

by switching over to single stage chemostat operapién | 1f ' the

reaction is purely growth associsted. In order to confirm the

:
assoclation of growth and dewaxing , the dewaxing rate ¢f both the

feed(stﬁcks namely, vacuum distillate fA' (b.pu *400—4?0 ?C) and
"B~ (b.p. 350-500°C) was studied in batch fermentation runs
conducted iﬂ 1.5 1 and 5 1 capacity fermentors. The fermentors
wére operated at optimised hérceess conditions 1.e; pH 4.0,

temperature 3700 , substrate concentration 40 g. 1“1

and rpm 1000
to 1400. The growth related data cbt&iﬁed in these runs were used

to ﬁvaluate # and yield coefficients

The growth curve of the straln along with the pour point of
the dewaxed 211 in various phases-of the - curve 1s shown: in
Fig.4.3.1. and Fig. 4.3.2. for feed stock "A" and feed st&ck BT

respect}vely. The following observations are made :

’ f
1. Lag phase : The lag phase is the period of adaptation of a |

microbe which involves synthesls or repression of (enzyme needed
for efficient gtilis&fion of nutrient for the grdwth (Wang et
al,1979 ; Bailey and Ollis ,1886). During this phase negligible

growth takes place . Duration of 1lag phase depends .upon  many

1
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, Tactors whiéh include .change of environment, change of substrate,
and the affinity of the cellg for attachment +to the hydrocarbon
droplets. In one of our earlief studies (Adhikari,etal .1990)
it has béen deﬁermined that 1f hydfoqérbon fraction 18 used as
substrate the lag phase 1is elongated Lecause the lighter fraction
extracts lipid from cell wall ’and hence hampers the capécity of

cells to attach themselves to hydrocarbon droplets.

As illustrated in the figureﬁ ; dﬁrﬂtion off lag phase for

feeds stocks "A° and "B is 14 hours ‘and 8 hours respectively,

These periods are much less than obsefved in shake flasks (Fig.
4.1.1). This i3 due to the fact that the operating conditions are
effectivily controlled in the ferméntofs.

Sampie “A” 'has a solidification temperature of 480é and 1s a
‘semisolidliass where as sample "B’ is liquid &t the fermentation
temperature . The emulsification of “B° is therefore easier than

*A° which may be one of the remson for longer lag phasé on  sanple

' |
\Ar, .

2.Growth phase : After the completion of lag phase growth phase
starts in which cell mass'increases exponentially as ﬁer "equation
413.11

dx

dt = ER 4.3.1.

T dx ‘ ’
Where at is rate of increase in biomass at time t when

biomass concentration is x. Equation 4.3.1 when integrated between

l

boundray conditions

H -
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t = tl s X = X5

I‘-t,'y _: \ .tlz ¥ x = x-tr . ;
one car get ,. . ' o |
, In x, - 1n X, i
R 4.3.2
t, % -~

‘A plot, between x or any ‘other directly  proportional
'parameter versus t would yield a straight line during growth

1phase; the slope of the line. would ‘equal to I
The total duration of gxponential érowth phase‘for sample "A°
is 28 hours- , the A _,however -is not constant throughvdtthe

‘exponential -phase. At 22 hdl‘houréy it has changed from 0 27 h” -1

-1

to O 11h *. The higher growth rate in-first paft of expdrimental

|
ph&se may be due to assimilation of 1ower chain alkanes as a

suitable substrate to the strain in preference to long chain

alkanes. It is well established that specific igroﬁth r&ﬂe iz =&

‘function of carbon range of petroleum substrate, highest Jeing the

1

’ .
carbon range of C,,-C,5 (Ballerini ,1969; Dostalek et al,

Earlier same strain has been reﬁort&d to have speciflc growth rate

1

; -1 - o
of rO.?B h on —018 and 0.31 h on 019, nigaraffiQS

Ciy

'(51ista,1989).
. | ' ) v i

<) Stationary phase - During the - stationary phase of batch

cultivation i.e, 20 hrs after the log phase for sample A° and 10

hrs after the log phase for the sample "B .respectively, a 1little

!'change (BOC) of pour point was observedifor sapple "A° only. Hence

' i 4

" dewaxing of vacuum distillates was asgoclated with growth of the

&
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TABLE 431 DEWAXING OF VACUUM DISTLLATES (A & B ) BY BATCH

CULTIVATION ©OF  C.tropicalis
i

i i i

Time z Alkali v'ol. 1n 'z'all;:ali vol. qutir point
hr ‘ml Co T ml | .og j
' A" “B- . A" ‘B~ ' "Aa" ! °B°
6 1.22 1.1 0.7 0.1~ . ‘48 1 30
8 : 1.22 . 1.1 ©0.2 0.1 o
10 ‘)1l.22‘ 1.22 S0z 0.2 48 | 30
1z 1.22 2.22 0.2 . 0.8 R

14, 1.37  3.74 . 0.32 1.32 f ,

16 . 2.46 - 6.68 ‘ 0.90 1.90 . 48 . 21
18 - . 3.96 11.47 1.38 2.44

20 ' 6.18 15.18 1.82 2.72 |

22 - 9.98 20.08 2.3, 3.0 45 18
24 ' 12.18 28.22 . 2.5 . 3.34

26 “14.88 37.34 2.7 3.62

28 - ©18:17 45.60 2.90 3.82 4z 12
30 22.20  48.42 3.%0 ,3.88 o

32 27.11 49.40 = 3.30 3.90 - 8.

34 31.20 49.40 3.44 '3.90 (

36  40.40  49.4 N 3.90 s 4
38 "~ 45.6 49.4 3.32 3.90
40 54.6  _ 49.4 4.0 '-3.30 . 36 0
44 65.36  49.4 4.18 3.90 . - 0
46 '66.68 ' 49.4 .. 4.20 3.90° .
50 72.40 49.40 ’ 4.28 3.90 30 0
55 73.7 . 4.30

60 73.3 D 4.3 24

65 73.3 ' ’ - 4.3 |

70 73.3 0 1 4.3 o . 18,

90 - 3.3 . a3, . 15
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¥

strain . An increase of pH from 4 to 5.5 was observed during thls

period perhaps due to the'ehdogepeous métaﬁolism df the cells,

4

4,3.2 Yielé of biomass : - i

oy i
The final cell concentration was determined at. the end

of the batch cultivation and the vield of bilomass was, reported
in Table'4,3,2 based on' the initial @ oil concentra@ion in the
fernentors. : ~ - L ‘ .

H

, TABLE 432 YIELD OF BIOMASS ON| VACUUM DISTILLATES

!

0il sample o0il conc. Final cell conc. Yield of biomass
" &/l ’ g/1 . c€ll cone/
‘ ‘ ' oil cone.
(] - ¥ H
H . - ‘ , '
A ' 40 4.5 . 0.11
. B 40 | 3.0 0.07

. ’ ' oo
Yield of blomass grom A" wns observed higher than that
cf sample "B” due to ﬁigher;comp03it13A of saturates present in
AT | 46%‘) as compafed~£o sanple "B ( 25% ) The yleld Lf biomass
on ﬁeavier fragtianrwag ébserved 1one£ than that of gas oili

containing same percentage  of saturates but of shorter _chain

length of n. alkagg;'
. T

s A t
'
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4.3.2 Yield of dewaxed oil :
| Yield of dewaxed pil obtained after completion of ;batch
[expgrimenﬁs was determined Qs shown in Table 4.3.3. 3 :
C : I ’ |
, \

TABLE 433 YIELD OF DEWAXED O

i 1

' Oil,sample initial oil cone.  final oll conc. -yield ;
. X_ Al y . - ’ ¥
e/l g/1 - X/y
' N % ' :
A . 490 22 55

B - 0 - ; 28 70

i
s

* '
'

-, Higher yield and lower pour point of the oil sample ‘é'

was cbse%vei as compared to sample ‘4' may be due to as%imilati%ﬁ
" of short chain alkangswhich were pregeﬁt quantitatively ﬁigher in

sample "B’ aé compared to sample'A’.This is also evident from the

initial pour point . of éh&"oil samples (Table BMI.Zm)n

. . Warth ,1960; and  Sergeinko,19656  reported that

P |
structurally symetric saturate hydrocarbons exhibit lower melting.

s i 4 - f '
point &3 compared to  thelr unsymetrical © isomers. Hence

assimilation of shorter alkyl chains attached with Branched and .

cyclic saturated hydrocarbons - may have yielded istruéturally :

! R ‘ H !
symetrical compounds higher in quantity in sample °B°. ‘Nheréas

i

assimilation of longer alkyl chains attached . with fhe ;similar
. . - . i

types of compounds wmay hhve. yielded stracturally syﬁetricay

! | ' }
1 : R E -

compoundQ.lesser in quantity in sample “A7.

H
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4.3.2 Dewaxing by semicontinuous operation :

With a view to increase the productivy‘ of dewaxed oil, =&
S e

semicontiriuous apergtion was condu@ted in a 5 1 fermentor

. m&inﬁaining the same operating condltioens as fixed 1in  the Dbatch

cperutiou.'One litre of culture fluld was renewed with equal
volume of fresh medium and 30 g of fresh oil sample "A° was added

in the fermentor in every 24 hours. The pour polnt of the dewaxed

0l1l, cell concentration and dewaxed oll concentration was analysed

3

-at the end of each cyecle .The results are summarised in the Table

4.3.2.

P

A pseuda‘ﬁtéady state was obaerved within '48 hrs of
operation az illustrated in Fig. 4.3.2.
It was observed that vyleld of  dewaxed oil was higher

(75 %) by the semicontinuwous operation as compared to ‘yield of

"dewaxed o1l in batch process (55 %) . Pour point of the dewsxed

0il was little lower ( 15 9C ) than that of obtained by batch

operation (180C). Higher prdductivity of the dewaxed oil

were obtalred in the seml -continucus operation as compared to

£ i N

/ : N ' ' -
batch operation (Table 4.3.3.) No change of pH was obaerved in the
. ; A :

-, B T t §
semicontinuous opera%ion due-to absence of stationary phase.

—
PR
' i 1
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wl

TABLQ 4.3.4;, DEWAXING 'OF VACUUM DISTILLATE (A) 8Y SEMICONTINUOUS

t

1

—7 OPERATION |
i , ¢
“Time . Cell conc.a/l 011 conc.a/l Yield ' pour
o : ) -of oll point
. hr : initial  final initial  final j ; 0C
0 11;8“ - 32 - - jia
24 3.8 1.6 29.2 22- 76 27
48 ' 2.0 . 0.8 26.0 18 70 15
Lotz z:3 1.0 26 20 77T 15
96 2.4 1.0 25 18 72 15
ﬁlZO 2.0 0.8 24 ’ 17 74 15
144 2.0 0.9 26 19 70 15
168 2.0 0.8 - 18 10 %5
f
T;&B E 43 S,/Ei.é.TCH AND SEMICONTINUOUS GPERATION
Dew&xing parameters ;, Batch Semicéntinﬁau&
i
Time of operation hr. 70 24
Final eell conc. &/1 4.5 4.5
Yield of dewaxed oll % 556 70 |
Productivity . &/1.h " 0.235 0.875
Pour polnt of dewaxed oil 18 15

O¢

122



‘s{i 0.3°%,/h*
_ A ‘ /,"”k b
- - *\% s
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Fig. 4.3.1. De%é}axing of sample 'A’
-+ by C.tirppicalis.
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i i H

(0" 20 - 30 40
TIME h
—— InAlkali vol ml. —¥ Pour point oC x 10

Fig. 4.3.2. Dewaxing of sample ‘B’ o
by C.tropicalis.
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4.4 SCALE UP _STUD[_E‘S



Scaling up is a procedure wherehy large-scale reactor is

'
i

designed'bn the basis of the experimencal results ohtained in the

i

laboratory scale reactor. Although t&g environmental parameteré

H f
N

e.g; pH, temperature etc, are independent of scale ratio of

bioreactors, but the kinetic béhavinr af microorganism sometimes
- , |

controlled by the transport phenomena which is dependent on scale

of operaticn (Taguchi et a1,1948; Nan@:and Fewkes,1977; Hattori et
1 M ! -'f‘:"MM/ ]
{ ' W R
al, 1974). . -
; . ‘ |
The overall growth rate of microc-ganism is dependént on the
' . ' - 3 s
physico-chemical environment and the oaydrodynamic state in the

immediate vicinity of the organism. Einsele et7 al., 1973,
reported that oxygén transfer into the flocks containing, o/w

emnylsion . and cells becomes limi ted under diminished

)
'

turtulence &lthough the dissclved axygen in  the vessel was
mair tained above the critical value.
The desired state of homogenity in  a fermentmé containing

heterogenesus substrate depends on rheological properties  of the

1

culiure rolh, reactor confiQUﬁaﬁipn and impellerﬁs Re&nolds
numbier as observed by Braur, 1973; Roles, 1974; Chanleg, i978. In
order to'determine the aoptimum operating parameters related to
oxycen transfer ané hydrocarbon disﬁersion‘which was needed for

maxsmum growlih rate of the strain, the following studies were

|

conducted. .

4.4, 1 Rh@nlﬁgical property of the cu.ture broth : |

Blénch and Bhavaraju, 19746 reporizd that fermentation broth,
in general, behaves as non—-Newtonian -luid They determined the
coetficient uf power Iaw'_flpid from the  following correlations,

des&ribgd by Calderbank, st. al., 1967.
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- O : 4.4.1

lmr= WK '+ nln® 4.4.2
Where T - ) is the shear force —,_‘dyneg.1
in Y = 1is the ‘shear rate , sec ! !
K is; the fluid bonstistancy 1 factor,
dyne—séc/ cm2 ‘

n ia the flow behavior index

The rheclogic&l " characteristics of  the culture flui&;
cont&ining o/w emulsion droplets and yeast cells were determined
-by m&auuring the shear rate and shear force of the fluid callccted

at differenf interval during ricrobial dewaxing of heavier

petroleum-fraction The results are sumnarised in Table 4 4.1,

‘The pseudoplastic character of the culture fluid waS observed

f
during initial growth phase (24 to 40 h) and then behaved gs

newtonian fluid at the end of growth phase (54 ﬁo 7Q’h)5as evident
frowm the'Figt 4.4.1, |

It was observed that the Power law curve has beén changed
towards iinéar from 24 h to 7O jh indicating the Zchauge of
reheelogic&l behavior of the fiuld from non New%onian 1o
Newtonian. The value of flow behavior 1index (n) aﬁd consistaécy'
co—effiéientl(K) were determinéd frcm the slope and intercept-
respectivel& from the plot of In r Vs ln ;

The value of n was observed to nerease fron 0.62 to 0.97
while the valﬁe of K was observed to deQrease from 1.1 to 0.16

i

auring the fermentation indicating the change of rheclogical
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behavior from Non Newtonlan to Newtonian fluild. Thomson et. al.,

!

1980, also observed cﬁange of n and ' K  of culture fluid ' during

!
i

Xanthan and Pullul&n ferment&tipn : o ‘ - ;'
' The apparant viscosity () of the broth was determined using

1

‘the correlation describedvby Schugerl; 18981 ° for non- Newtonlan ‘

fluids a=s following :

" The' value of K and n were assumed as 1.1 and 0.62 for the
5tudy because these values correspond to maximum value. of apparent
viscosity (#a) at 24 h . It was observed that VlSQOSl?Y: of thg
culture fluld was P |

1

1ncru35d fromw lﬂ cp- to 48 cp during growth phase (24 to 40 hY and
?Egzﬂdecreasgd gradually to 15 ep at the end of . the fermentation
A(Fig.'4.¢.23. The increase of viscosity of the cﬁlture fluid
during growth phase was obsérved due to thé,emulsificatioh of }thﬂ
heavier,%&trgleum fraction and  the -viscosity decreased in the
latter p&rt‘sf the fermentation perhaps due to assimil%tiqn- of
highly viscous long ﬁhain n.paraffins as'ecmééred to théi; smaller'
homologea Consequently the pour point of the oil also ‘decreased

faster in the later phase -of the batch experiment

1
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4.4.2 Oxyéen tfansfer raﬁes
Hydrocarbon fermentation is highly aerobile grocesé. Growth of
microorganisms are likely to belinhibited if the Eoncentr&tion of
Idissolved oxygen 1in the medium falls below certailn critical
levels. Typical value of critical diséplved OXygen levei (0.15
ppm) for yeast was reported by Fiﬁn; 196f.<Thekcr1tical diésolyed
oxygen concentration for the yeast, C.troplcalls was repqried ?.5
ppm (Moo Young et. al., 1971). Einsele et. .al.. 1973, observeh
_that dissolved oxygen value which was maintained at 30% of its
saturation valué did not become a limiting factor for thé grorth
of C.tropicalis when 4% hydrocarbon was used as carbon s&uree. In
spite of low value ' of critical dissolved oxgen concentration,
. Mimura et. al., 1973, observed that high oxygen transfer rate
| i.e;; 150-200 m. moles/l.hr. was required for a cell conéentratiou
of 15-20 g/1 when yeast bhpetraphilam was gfown on hydrocarbon.
Oxygen Lransfer rate 1s. an intrinsic property of a bloreactor
ﬁﬁd design of any bloreactor should provide the rate of OXYEEn
. ‘ .

transfer to the cells equal to the oxygen uptake ratq of the

strain.

- In order to determine the optimum oxygen tranafer rate (OTR)
to achieve the maximam growth rate éf the ?east Cltropiaagis on
heavier petroleup fraction (OTR) was _detegmined in . three
fermentors were determined by sulvhite oxldation methad _as>
described by Mimura et. al., 1973.° |

—_— *~
OTR . = Kha (C ?L) - 4.4.4

!
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Where ' KLa = oxygen transfer coefficient

C = saturation concentration  oxygen at 37%
- ; I

L dissolved oxygen in bulk of liquid

P!
t

As ghé catgly?ic (Cu++) oxidation rate of sulphite is higher
“than the oxygen uptake rate pfﬂyeast (12 m. mdle}g. h.), reported
by Einsele gt. al., 1973, C* >> CL in sulphite oxidatioﬂ ' system
(Waﬂg’et. al., 1879). . - ‘
h Hence one can.‘deterﬁine the maximum . oxygen transfer
' co-efficient, Kla from the equation 4.4.5 as follow: »
OTR

Kea = _ ¥ _ 4.4.5
- C - -

j

Ideaily; oxygen transfer rate should be measured direqtiy in
biological system but it could not be done in the present System
as the transient response of the dissclved ox}gen probe was} slow
in presence of heavier hydrocarbons.

However, a‘common strategy for study of oxygen transfer rate
was followed by sulphite oxidation method which approximatesA
bioreaction conditions.

Hence the oxygen transfer capacity of three fermentors at
Aifferéhf agitation rate was calculated from the values _
of sulphite oxidation rate.

The OTR values were detérmined by varying the aeration rate
in each fermentor bdt keeping the agitation rate ‘'constant in the

respective fermentors.

The results are summarised in Table 4.4.2.

-
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TABLE 442 OXYOEN TRANSFER .CAFPACITY AT DIFFERENT AERATION

AGITATION SYSTEM

1

Parameters Aesration rate Fermentors
vV Galliankamp Glass ferméntors
A - B c
Oxygen transfer >
rate, m. moles/l.h.  0.66 a1 80 50
1.0 120 100 67
1.5 140 110 70
- Agltation rate, rpm 600 1450 1650
dr *‘ ~
D, (d,) 0.46 © 0.39 0.32
hr %
5 (h,} 0.15 ‘ 0.25 0.20
t -~
TABLE 443 KL, VALUES AT DIFFERENT AERATION RATE
Aeration rate Kla vaues Min -
e
vvm Eermentorg
A i B C
0.66 © T 2.85 5.57 3.48
1.0 ' 8.36 6.97 4.67
1.5 9.76 7.66 © 4,88
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. SO

'The dissolved oxygen !saturation concentration (C ) in the

. liquid phase was observed 7.65 ppm at the -operating temperature

t

uBTOCj Hence, the valﬁeg of KL& yefe éalculated from the OTR values
at different seration rate in each ferﬁentor ( Table'4.4;3.);

; Résults showed th&t)maxim@m oxygéﬁ‘,transfer capacity’ (OTR)
and the. corresponding Kla values aré‘ obtained in Gallaﬁkamp
Termentor (A) beyond 1 vvm aeraticn raLe The high agitaticn rate
in fermentor B and C did not providc nigher Kla ~p&rhqps due to
short channeling or low residence timeﬁdistribution of air ?ubhles
in the fermentor B & C as compared to fermentor A. Thi% ia‘éy;denp
from the Table 4.4.2 that higher the ratio of ‘striréer- dia  to
vessel dia (dr*) higher the KLa yaiue would be obtain 1in ‘the

fermentor at a particular aeration = and agitation rate. Similar

obserﬁation was reported by Mehta and Sharma, 18971. i

|
1

The' effect of oxygen transfer rat& (OTR) on the s5p. growth

rate of the yeast, C.tropicalis on heavior petroleum fraction was

determined by conducting batch expefiments in the said ifermentors<

at ihe aeration rate of i vV, agit&tion rate and Gther parameters
were Keplt same &s maintained during ehperiments for- determination

* H ‘
3 ' !

of oxyvgen transfer rates.

Specific growth rate (b 1) of the strain was found K higher

3

0.27 hﬂ;) in fermentor B which has the-lower of oxygen transfer

rate (100 m. mole/l. h.) as compared to fermentor (A): which has

the maximum oxygen transfer rate. (120 m. mole/l. h.). The 'results

are shown in Fig 4 4.3. . '

‘
1

The following observatio&s Wwere aoted from OXygen transfer -

studlies:

[E]
cod
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Sp. Growth Rate U h™t
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0.25 |-
+- \
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|
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50 . 70 90 110 130

OTR m.moles / 1.h

Fig.4.4.3. Sp. Growth rate at different
OTR
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aj The growth rate of the yeast straln on heavier
hydrocarbonu was not limited upto a OTR of 100 m.
moles/1. h.. .

b) Apart from the effect of OTR/Kla of the fermentors on
growth of the strain better dispersion of alr bubbles
« and hydrocarbon dropletu maintained in the fermentors B

,and C may have enhanced the Ep. growth rate of the

i

strain on heavier-hydroearbonf

o~

4.4.3 fmpellers Reyneld No. (NRe Ij

T e
The state of -turbulance 1in a stlrred tank fermentor is
o , )

measured by Inpellers Reynoldé No. (KReI). it 1; defined by
' . - i ,
Calderbank et. al., 1979, for non_.Newtonian fermentatien fluid.

The values of impellers Reynolds No. were calcul&ted based on the
'differunt values sf co- efficients (n &nd K) of power law &quatimn
I

(4.4.1) obtalned during mlcrobial dewaxing of hesvier hydrocarbons

(Sample A}, A3 shown Ain Table 4. 4 4. '

n
dr N .o I n ? -
NR::-I T 01K l 6n + n ! 4.4.8.
v ) S— [.—_!
Where = o~ ‘is the density of. the culture browth
N. is the rotational speed!of impeller in Sec 1,
r i3 the dia of the ihpeller"
n flow behaviour index
K fluld consistancy factor
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| | :

|
1

1

TAaBLE 444 MPELLERS - REYRNOLDS KNO OF  FERMENTORS DURING
- N . . N

FERMENTATION PERIOD

1

Time Broth K ; n ' Rei x 10%
hr ' density dyne-sec/cm?. | fi
! . g/ml \ : : S Fermentors
B _ : b - A B ' . C

z’~
N 7.5~ .24.16 '27.5

1 i '

24 ‘0.9927 110 0.62 1.3z - 5.57 ' 6.67
40 0.9927 0.64  0.71._ 1.60 6.08  7.19
54 . . 0.9927 0.36 0.82 . - 1.86 6.22 " 7.24]
0 0.,9927 0.16 0.97 2.35 6.59  T7.52,

k4 1‘ N

*N ‘Rotational speed (N) of the agitator in Sec f
. ! !
r

3 t

The impeller Reynolds No. was in.reased in each fermentor due
to lowering of apparent viscosity (u_) of the broth 'during the

, oo | K
period of fermentation. However, higher 1impellers Reynolds No.

¥ ' 1
maiatained in fermentors B snd C© might have provideds better

digpersion snd effective diameter of h}draéarbops droplets which
&nhgnced the s8p. érowth rate of the strain. Although the Reynolds

nuwber in the fermenitors were malntained in the turbulant regine
‘ , ¥ . i ;

(>163),’specific growth rate of the strain was observed higher in

the fermentor operated at higher Reynolds number as shown in Fig.

1

4.4.4. iThe above results also ccafirmed the influence of

hydrodypnamic state o; the fermentaticn fiunid, on specifiéi growth

I , B
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Fig. 4.4.4 Sp.Growth rate at different
Reynolds number
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rate of the strain ﬁuting dewaxing and a minimum level of N

rate, Sp. growth r&te~decreased when thé

needed to be maintained,(leOs)'to gchieve tHé‘makimum sPp. growth

1

i .
| ,

. Ls

2

é

fermentation conduoted

beyond thefimpellers Reynolds number 6x103 perhaps due to higker

shear effect on the hydrorarbon florkd

[

]

~t

1
i

4.4.4 Power per unit volume

'

The size of enengy required for waintaining the desired state

of homogenety in a fermentor is determined by -the power input per

unit volume of the system (p/v). Thus, nearly similar hydrodynamic

situations can be malntained 1if p/v

scaling up the process.

is kept constanti during

Van't Riet, 1873, reﬁorted that cdnstaﬁt

p/v would be 1deal,scale‘up criteria for any dispersion limited

process, "
Powér drawn by the -agitator

culture broth during batch dewaxing operation was

i

#xclusively for mixing the

calculated in

two fPrmentors (B and C) by the Swanbdrn test method described in

e

[

section 3.2.4.

{ !

The net power drawn by tﬂe agitator for nixing the system wés

caloulsted from the difference of power drawn for an empty and the

chﬁrg&d culture vessel of the fermentor as following

i)

- 1i1)

Armature current (no load)
field Vcltage (DC), V*
Initial temperature,’gc ‘

e}
Temperature rise, "¢

Co-efficievt of expamnsion (Cu)

140

Rl

i

i

1

0.04
210
30 |
12 e

0.00427 cm/“c



Initial armature resistance (ohms) = 40
Initial fié&ld resistance (ohms) jé 2000
" Final arma%ure rezist&nce (ohms) = 41.8
'Final field ;esistance (ohms? =~ 2090.8

3

TABLE 445 CALCUL}&H@ON OF MNET PQWE’F-: WNPUT PER UNIT vOoLume  (R/VD

OF CULTURE FLUID

Ferﬁentog rpm . i Power output Net power (P) ; ?/V
'éapacity- ’ j - Empty Filleg‘ Ydrawn by'&gitatorg w(l
1 y‘ ' . - ;L W I’, |

- . - !
810 23.0 26.99 '3.99 | 2.66
1.5 - . 1400, = 23.0  34.28 11.27 . ' 7.51
2250 23.0 :  47.22  24.22 16.14
620 - 25.27  25.98 _ 0.71 | o0.14
5.0 11285' . 28.95 33 08 4.11 f 0.82
1650 ' 37.23  52.02 14.78 12,95

{

|

| " . i N ) i
- - ; C
1

[S
e

H

The power cutbut‘of empty’ férmeﬁtor‘ (};5 1) capaﬂity was
constant with. the inc?ease‘éflarmatur& voltage whereas thcre was
rise ot power output in empty 5.0 i. fermentor was observed with-
the increaéed'of rpm (Table,4 4.6). The 1lncrense pf powgr' outpqt'
in the empty vesspl {6.0 1. ) was due —o4the frictional reslstance

assoclated with the &gitation syatem fitted in 5.0 1. fermentor '

3
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Effect of power input on sp. growth rate of the, strain :
The effect of power iput per unit volume (p/v) on sp. growth
rate of the strain was ~obtailned from the batch experiments

conducted in 1.5 1. and 5.0}). fermentors. The resulﬁs are shown in

Table 4.4.7. .

TABLE 446 EFFECT OF P/V ON SP. GROWTH RATE

t

Fermentor capacity rpm‘j‘ p/v, Sp. érowﬁh rate

1., L Y2 nt

500 3 0.24 ‘
1.5 1400 7.5 0.27
2250 11.4 0.25
620 0.14 0.12

" i
5.0 “ ©1120 0.82 ~ °  0.17
. 1650 2.95 0.24

The results indicated that a max. sp growth of 0.27 h~1 could
be achleved by maintaining a maximam p/v of 7.5 w/1. 'How&ﬁer, an
‘optimumn value, could be achleved by maintaining power input of 3
w/l in'1!5 and 5.0 1. fermentors ( Fig 4.4.5.).
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'

4,4.3. Scale up of bioreactor for dewsxing of heavier fraction »

t

In hydroarbon fermentation syst&mg a saphisticated approach
to scale up is requicsd because the p@rformance of large fermentor

can be enhanced by the fnlluwlng rate rantralling factors.
. o ’ | | ‘,
a) - Oxygen mass transtfer. from air bubbles to the cells. |
E +

b) Uniform disbersion of'hydrocarbun.dfoplets’or flocks.

[

Criteria for scaling _g of a8 biologicai g;ocess

The usual pracedure of scale up IE to fix one of the falowxng

|
'

criteria asz the b351s of deelgn, however the choice of criterion

will deptzn: un the partlcuiar fermam#wklon process under study.

!

L. Corstent volumetrlc‘né trana?er rate , Kvg -
‘ 2. Constant volumetric powsr iﬁwut 2 Pg ARV
3. “Car k- i i :w - . ’ !
ar:stant 1mpeller~t1p spesd' ., v'tlg

4. Equal mlxing time , tM s

Einesels, 1978 ‘cbserved  that majority‘ of fermentation

] '
i

industries in Europe folluwed 21ther of. the first two crmterlan as

-a basis of scale up . These cratarxon are related and refered

maxriy to axygen tranafer rate and turbulence of the culture fluld

cas lunctior mf P/v prhvxded the value ﬂf tip velocity of impeller

i.e; vtip ER m.swi (Moayoung and Blanmh 1981).
S

i

in the prasent gtudy of dewaxing , it wag observed in the

laboratory scale that sa. qrowth raté of C.tropicalis was the

funcition of K s P/V ,'aération %Qtefwhich prmvide&‘ the oxygen
. h - Lo

}

transter rate ard dispersion of hyafamarbnn flocks . . .

.t
1

t

N H
Tt
'

L4 I



Based on the &xﬁerimehtal,:resulzs obtained 1in. the 5.0 '1
ﬂgrmentor,basis of Sgale up cret&fia was determined for ﬁhe‘ large
scale dewaxing of 1lube fraction in a -1000 1 stirréd tank
bioreactor.The selection of critaria would be such that operating

, ~conditions in the large fermentor shovld provide ‘& hydrodynamic

condition for attaining the sp.growth rate of 0.24 nl oof the

, "
strain. ] '

Similar physical properties of. the fermented broth and

1

{ 3 .
dimentional ratlo of the feérmentors were assumed.

The.dperating parameters of the lLaboratory fermentor (51) are

given below
3

1. Yoliume o (V); m° = 0.005
2. Height of liguid (H )ym = 0.21

" 3. Dia of tank - S (Dyym = 0.175
4. Dia of impeller (turblne) - (d); m = 0.085 |

- 5. Hi/ Dy ’ = 1.2 !
6. d /D, L ’ = 0.31 | 1 :i
7.0xygen transfer rate kg moles<fm? h( Kv), = 0.07 ]
8.Power per unit volume ~  (P/V) W/l = 3.0
9.Aeratlon rate’ \AL = 1 |

Geale gp factor ¢ 10007 5 = 200

N L, o= B
1.Dia ol large fermentor (D,{)z = 2. VZ /1.27 7 1‘m
. asduming (?(JJ/DJG}_2 = 1y 2 ! 1:‘
2. Liqguid Height (HL)Z = 1.2 ‘(Dt)z: ‘ 1.2 m. o, o
3.Dia of impeller (Q?)Z = 0‘31(Dﬁ)2" = 0.31 m
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—

, ’ ' ' H _l.
ming (47 D = 6 no |
Assuming ( r’ o = 0.0

. 4. Aeration rate : ' o ( | |
i
' ) ' - : ]

To maintain the same 02 'transfer fate '(KV) in the large
'ferménter,,it‘was sssumed by Alba' et as,1969

pa, Q¥ "
K. = P ‘4147,
v 1/2 ,
.}?~V d pNee ) -
- 1 t ;
Where @ = Volumetric air flow rute., h ‘ '
b HL "= Hedlght of 1igquld
) - |
v Vo;ume Qi liguid -
, ' dg=  HMean bubble. dia
! N_. = Sherwcod number
B = Empqrica];cofficient, ’

As the physical éropertieg of. the broth would be same in

. o ,
large scale fesrmentor. the above equation can be simplified as

{
v

| following - o i - X mu* ‘ }
! S 273 o : a

Kv o0 B Q/V HL ,1/dB e e e . 4.4.8. ;

o . . '

, : S A dg 3 - _ | N
or, Kv 1 = — , .:..:'14.4i9ﬁ

(Q/Y}‘z M Hﬂ'zv
ot ) Iy 1

In'order to maintain same' bubble dia, dg, Zdp,; 'ix would

be necessary to provide same alr flow rate and 5ufticiént POWEY |

1

input in the fermentor such that +the bubble could attain an
equilibrium dla due to sufficlent turbulence in the | large

. fermentor (Bhavaraju et al,1978). 1t was - also observed that
¢ ! i - :

i

. . R , \ |
increase of viscosity ‘reduces the bubhle coalescence. i

It' was observed that the viéccsi%y‘pf the broth increased ?up

: * : Co j
146 ! ,,w ) .
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to 40 cp'du:iﬁg initial growth phase of the strain and 1t would be
favoirable for the system. But at the same +time high turbulance
(Na;z and power input (P)V) in' the large >fermentor would be
required toe malntain same oxygen transier raﬁe—i,e; sz - Kvl'
Under such conditions one can get, - 23

Q/v -~ H,.,/H ., .QV . =1D
2 L2/ frr - M1 T} Ttz e,

i

Aeration rate in large fermentor Q/Vjz ( 1/ 0.175)"3/%.1

= .31 vvn.
5. Superfacial gas veloclty Vs
Q/V,.V,.60.4
v, = ; = 23.9 w/h .
52 2
1T . th

A) CONSTANRT VOLUMETRIC OXYGEN TRANGFEF RATE, Kv :

The oxygen traansfer ?&té in vthe large fermen@or after
necessary hydrostatic pressure and height correction would be
0.087 kg moles / m3 h.atm.

Cooper et al ,1944 and Moo young  and Blanch  ,1881
es3tablished the following correlation on oxygen transfer rate with
poREr pér uanit volume (FP/V) and superfacial gas velocity (v.).
This Q&rf&laticn iz applicable to most aeroble fermentation

'procéss carrlied out 1ln stirred tank bioreactors.

Ko SRR ¢34 LN L LA 4.4.10.
Where Kvp = Uxygen transfer rate , kg.moles/ 1. h. atm.
ng V = Gas power input per unlt volume ,HP / &3.
; VS = Superfaﬁialygas velooity ., m/ sec. |

14¢



!

Haq;an:lS?? obtained the value of the exponents x and y as
/’ }
0.52 and 0.43 respectivily by using dissolved oxygen probe for the

detefmination of KL& or.Kv in & w&ter—glgctrolyte syatem.

_ : 0.52 0.43 /
Ky = A (BN () cee. 4,411,

Substituting the experimental results (Table 4.4.5)  Hobtained
for 51 fermentor in the above -correlation ,the wvalue of the
coéfficient “a” was obtalned as 0.01156

6) Power requirement in the large fermentor

- 0.62 0.43 ’
. K = 0.0115 (Pg/V)2 fVS)z N ‘4.4.12.

T@ereforg, (Pg/V)2 . = 1.57 HP/m3 ='1.15 w/l

Gas power requirement would be 1150 w for 1000 1 fermentor.

Assum;ng non gas power requirement is 40% of tﬁe gas power
requirement one csn get, the motor power requirement for the large

© fermsntor as, “ ' _ S

. P = Pg.ﬂ,4 = 463 w.

7) Agitator rpm :

Assuming culture broth in the ferwentor in turbulent regime

1

one can get, ‘ 3 5 ,

.. 6.p.N.d, o

P= 2e.. 4.4.13.
; g .

3

Where p = density of- the broth kgs/m

P = Power input kg.m/ sec
N = Rotatibnal speed. »ps
g, = Gravitational const.
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Rpm of the impeller of large fermentor was obta}ned by

subatituting the values in the above correlation.

- - C
"Thus , Rpm N = —— ce.. 4.4.14.
‘ 6.p.4
_ |
N, - [ 37.8 x 9.81 ,]1/3 - 170 rpm = 2.85 rps.
6 x 927.7x [0.31]° ‘

8) Impellers Reynolds number (M. .)

L

Tmpellers Reynolds number of +the large fermentor Was

"calcalqted using the equation 4.4.6.as dlscussed earlier.

N (31)%x(2.85)1+3% 0.9277  [0.62 —P°-62
Ret = 0.1 x 1.1 ‘ '6x0.62 + 2 -
= 8.6x 10°.
[ s _ - '
. _Q 3 _ ~z |
9)Aeration number Na = g / N'dry o= 6.12 x 10 7.

1

10) Vo o :'H'JN.&rz._ 277.55 cm/sec = 2.77 w/sec.

B} CORSTANT FPOWER PER UNIT VOLUME (F/Y) :

|

The concept of equal power per unit volume of cult@re flulid
in different scaie of fermentors‘is besed on the‘ aSsumpﬁion that -
the fermentation should be conducted in the turbulent
regime(Balley et al,1883)..

In the turbulent regime, the pow:sr input is independent of

Rer

4 So, P «7N3.dr5 when  Power no = constant.
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Hence one can get, 3 5

Pl Nl dr,
T g3 45
P2 No - dpp
Assuming same power imput ,v,= P,= 3 w/1
d
' 1, 2/5 :
N, =N, 7 Tty - . , 0.6
2 t L d .o J = 1650 {Qégg%—l = 585 rpm
r ) - A = 9.75 rps

—

1)Hence the rotational speed of the impeller in large fermentor ,

-Nz = B85 rmp

'Z2) Impellers Reynolds number'(ND#Y)2:<

961x 23.16% 0.9277

—
N . 0.2521
R 0.11

-4
H

=
i
[-%
-2
»
el
o

3) Tip velocity ¥V

{
=
=
(o}

1]

stip T x9.75x32 = 9.50 m/sec

i’

4) meration mumber N_ 0.31/ 585x (0.31)° = 1.77x1072,

2 0.43

it

b) Uxygen transfer rate KVP»2 V)

- 0.5
0.0115.(P_/V) 5

t

0.0115 .(4)%-%% (23.9)0-43,

.925 kg.moles/ 1.h.atm.

fl

6 Motor power requilrement :

(Fg/V)y = (B /¥ )y = 3 w/l

=50



| | %N
. (yv;) %
Assuming gas power regquirement would be same ffas ;% éqﬁgagtgi
i i % o L
power requirement ,because the aeration no tai N i§as§§
- x ¥ e o
comparatively low i.e; 1.7x 10 2. : AT =4 ;gzg
. N/
N o &
Hence (Pg /) p=C B/Y), = 3 w/} .Hence the(\mdH peHe 4

requirement in the large fermentor (1000 1) would be 3<%§¥§z§§§w

The operating parameters for lab scale (51) and pilot scale
(1000 1) data obtained by the two scale-up criteria are compared
in Table 4.4.7. =~

TABLE 447 COMPARISON OF SCALE UP DATA

i

Parameters . Lab scale Pilot scale 1 m3
51 constant Kv constant P/V
HL* 1.2 1.2 1.2
dr* 0.31 , 0.31 0.31
Aeration rate i 1 1
vvm
Kv 70 57 748
m.moles /i.h.
N x 10° 6.67 8.6 40.7
Rel N
Vsm/h 12.46 23.9 23.9
vtip m/fgc 4.75 2.77 8.55
Na x 10 1.87 6.12 1.7
Motor power 0.014 0.375 3.0
Kw

The results shown in Table 4.4.7. indicated that the
following limitations would appear 1in the large ferméntor if

constant Kv criterionis followed
i

1.Power per unit volume becomes substantially low as compared
to small fermentor. This may decrease the sp.growth rate of the

stra’n in large fermentor and poor dewaxing may occure as
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observed in experimental results

Zz. Tip velocity of the impeller is less than the wminimum
requirement of 3 m/s . Hence low shear rate of the agitator would
provide minimum dispersion of hydrocarbon flocks.

3.Impellers Reynolds number would be at the minimum limit of

turbulent regine i.e; 103.

Based on the above observations it can be -~concluded that

suitable criteria for scale up for the dewaxing of heavier

petroleum fration would be CONSTANT POWER PER UNIT VOLUME (P / V).
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4.5 RECOVERY OF DEWAXED OIL
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4.5 RECOVERY OF DEWAXED OIL
‘The cultvure broth was harvested after the completion of batch

or ;emicontinuous operation. The harvested broth comprises of the
two‘following immiscible phases

a) 0il in water emulsion (O/W) pbase containing biomass . adhering
to the oil droplets. |

b) Agueous phase containing part of biomass, medium constituents
and neéligib]e quantity of emulsified 0il(0.1%).

The emulsified phase was separated from the aqueous phase in
‘a separating funnel and subjected to solvent treatment [for the
recovery of dewaxed oil. Breaking of emulsion by physical forces
e.g; centrifugation at 6000 rpm could not be achieved.

Laine, 1875 reported that dewaxed gas oil was recovered from
the culture broth by leaching operation in the BP process for the
production of SCP from gas oil(Fig 2.1). However Ghose et: al,1968
demonstrated that the reléase of yeast cells from the
oil-water-yeast emulsion could be achieved by liquid-1iquid
extraction principle. They determined the phase equilibriﬁm of gas
oll-water-solvent system in triangular diagram but the trqé values
of phase equilibrium could not be obtained due to the solubility
of wax in the solvent when high boiling gas oil
frac%ion(350—400°C) was used for dewaxing. |

The emulsified broth obtained after the fermentation was
assoniated with strong emulsion of oil in water and yeast cells.
In order to avoid the problem of wax dissolution of thé' heavier
fraction(409-490°C), the process of leaching was applied to

extract the oil from the ocil-water-biomass miscelles. .



3

1

‘Thé prianciple of leaching process was found to be more
appropriate for the recovery of dewaxed o0il and the biomass than
the principle of liquid liquid extraction in the present system.
The‘ﬁesign of extractor would also be s tmpler.

Three main steps are involved in phe leaching operation:

1. Contact of liquid solvent with the solute(oil) to effect
transfer of solute from thevsoiid (Biomass) to the solvent.

2. Separation of oil-solvent solution known as -overflow stream
from the residual mass known as underflow stream.

3. Recovery of dewaxed o0il from the overflow stream Ey
distillation and recovery of Biomass by filteration of aqueous
phase and subsequent drying andA recovery of solvent by
distillation from the underflow stream.

Ideal stage and equilibrium in leaching is defined as a stage

’from which the resulting solution is of same composition as the

‘'solution adhering to the solids leaving the stage.

. The ideal stage of a leaching operation is described below.

4_5.1 COMPOSITIONR OF OIL EMULSION
The average composition of the emulsified broth obtained
after the batch operation is given below.
0il (dewaxed) % w/w - 23.12
Biomass % w/w - 1.70 - :

Aqueous phase % w/w — T75.28
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The Biomass (solid) along with the aqueous phase can be
assumed as a single inert phase because the components are
immiscible with the overflow stream.

Hence the composition of inert phase waul& be :

Biomass - 1.7 %

Aqueous phase — 756.3 %

4.5.2 CHOICE OF SOLVENT

The o/w emulsion obtained after the fermentation consists of
a non polar oil phase , polar aqueous phase and yeast cells
without significant polarity . S0 a mixiture of polar and non polar

solvents in appropriate ratio would be required for ideal

separatioﬁ of the components .
' A mi§ture of acetone as polar solvent and petroleqm ether
(b.p.&O—lOOOC) with different proportion was used for the
treatment of the emulsion to determine the optimum ratio: of the

mixture . Ihe results are summarised in Table 4.5.1

1

TABLE 45.1 EFFECT OF SOLVENT COMPOSITION ON OIL RECOVERY
IN SOLVENT PHASE

Emulsion Solvent Composition 0il recovery Remarks
g Acetone:Petrol.ether Qty wt %
3
.40 3 :1. 40 25 wax precipitate
: ' observed
40 1:1 ' 40 30
40 1:3 40 45
4 1:7 40 32 Formation of
' emulsion
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The data given ' in Table 4.5.1 Jjadicated that the optimum
composition is acetone : petroleum ether :: 1 : 3.

lsow 0il recovery and precipitation of wax was observed at
higher acetone concentration whereas further emulsion formation
was observed when low acetone concentration was present in the
solvent.
4.5.3 OPTIMUM SOLVENT TO EMULSION RATIC

Recovery of oil in overflow stream was determined by treating
the enulsion with solvent of optimised composition vapying the
.emulsion to solvent ratio ( Table 4.5.2 ) .

The maximum recovery of oil( 988 %) in the overflow was
observed at the solvent to emulsion ratio of 1 : 2.45. However the
solvent to emulsion ratio of 1 : 2 would be optimum to get an oil

¥ecovery of 96.5 % ( Fig 5.1 ).

t
v

TABLE 45.2 EFFECT OF SOLVENT/ EMULTION RATIO ON RECOVERY

OF Ol
Emulsion solvent solvent / recovery in
' overflow
g g emulsion w/wx
o oil solvent
10.12 ' 12 1.18 66 34
10.19 21 2.10 96.5 62
10.20 15 1.47 75.5 48 .2

10.21 25 2.45 88.2 75
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4.5.4 DETERMINATION OF NUMBER OF STAGE3 REQUIRED FOR RECOVERY OF
DEWAXED OIL.
from the table 4.5.3 it can be observed that the coéposition
of the immiscible phases obtainéd after solvent treatﬁent and
rigo?ous(mixing was different. Hence the system deviated from the
ideal stage in the leaching operation. However practical overall
stage efficiency is a more feasible criteria in addition to the
numbgr of ideal staées to obtain the number of stbtages for given
leacking operation ( Prabhudesai, 1979 ).
The fpllawing assumptions are made for fixing the parameters
in the operation.
1) The dewaxed oil as solute ( A )
(2) The biomass and aqueous phase as inert residue ( B )
3) Solvent mixture acetone and petroleem ether ( 1 : 3 ) as
solvent ( S )
4) The overflow stream is a solution of oil and solvent.
5) The underflow stream is a mixture of biomass |, ﬁater and
solvenf,
6) The inert residue in the underflow s insoluble in the overflow
stream. The wt.of solution retained by unit wt.of inert is
' dznoted as K. '

Numbey of stages were determined by graphical pethod as

described by Bradger , 1955 and Prabhudesai , 1979. The

e e

temperature during the leaching operation was maintained;at 30°C.
The experimental data and calculation of compoéitioh of the
overflow and underflow streaméat‘diferent solvent compositions are

i

illustrated in Table 4.5.3 and Table £.5.4. !

]
- B i

158



i

‘ b
TABLEAD 3. COMPOSITION OF DIFFERENT STREAMS IN THE  LEACHING

OPERATION

Emulsi lvent/ Overflow strean | Underflow stream
mulsion eiﬁlzgon 0il solvent wt.frac. oil solvent inert K
g [ g © oil ,g8 &g g g &/8

i t

'10.12 1.18 1.57 4.1 0.271 0.79 7.9 T.79
10.32 - - 1.47 1.73 T7.23 0.183 0.56 7.76 7.85 1.0
10.19 2.10 2.22 14.5 0.135 0.08 6.98 7.84 0.9
10.21 2.45 . 2.31 18.75 0.10 0.04 6.25 7.86 0.8

i

TABLE 454 DETERMINATION OF UNDERFLOW COMPOSITION

4

Experimental data Onderflow stream ‘ s .
oil in K per g of inert Wt. fraction
overflow . N oil/ solvent/

wt frac OiIQg 50%??2;’? unﬁiiflow,g underflow underflow
4 s s t k.y k(1-y_)
S —s S_
\ k+1 o k+1
0.0 0.6 0.0 0.6 i1.6 0.0 0.375
0.1 0.8 0.08 0.72 1.8 0.04 0.40
0.135 0.9 0.121 0.778 1.9 0.063 0.41
0.193 1.05 0.202 0.847 2.05 0.098 0.413 .
0.217 1.1 0.298 0.801 2.1 : 0.141 0.381




4.5.5 DETERMIWNATION OF TERMINAL COMPOSITION
BASIS

1. 1000 kg feed containing 230 kg oil and 770 kg inert per hour

2. Solvent composition , Acetone : Pitroleum ether :: 1:3
:3. Desired 0il concentration in overflow stream = 60 %

4) Recovery of oil in overflow stream = 90 %
a) Feed composition

‘Mt fraction oil in feed is 0.23
b) Overflow feed

.Pure‘solvent mixture of Acetone and petroleum ether of 1 : 3
was added at a solvent to;feed ratio of 2 : 1. Hence feed rate of
solvent = 1000|x 2 = 2000 kg / hr. The feed point 1is ( 0,0.23)
gs there 1s no solute present in the solvent.
c) Overflow composition

Solute in overflow discharge 230 - 23 = 207 ké
Amount of overflow solution V, = 207 / 0.6 = 345kg

Hence overflow compésition

wt fraction |

oil = 207 kg 0.375 (»x1 )
solvent = 345 kg 0.625 ( X )
: 552 kg ' 3

d) Underflow dischafge composition

From the experimental data ( Fig 5.2 ) it was found that wt
fraction of oil in the overflow 0.375 ,corresponds to 1.22 gm of

i

solution per gm of inert.
On the basis of 1000 kg of’underflow feed / hr
0il in underflow feed = 250 kg / hr
0il free inert in the underflow feed = 770 kg
i Uﬁderflow discharge contains 0.029 kg of oil / kg of /inert

i
H
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From experimental data ( Table 4.5.4 ) one can get by

intefpolation the value of K at'¥Ys = 0

i

Hence by interpolation 0.029 kg of o0il / kg of inert

corresponds to = 0.6 - g;ggg‘ [0.6 - 0.72 ] kg of solvent/kg inert

0.08

0.6 + 0.043 = 0.643 kg of solvent / kg inert

Underflow discharge composition

. wt. Frac ~
Solute(oil) 0.029 0 0173
Solvent 0.643 0.384
Inert 1.000 0.598

genpe the discharge point composition (wt frac) is as following :
; 0il 0.173

H

Inert = 0.598

Solvent = 0.384
- The terminal points are plotted in a right angle triangle S O
A . The number of stages required for lesaching of 90 % oil was
determiped gréphically as described by Prabhudesai , 1879 and
Bradger , 1955, as shown in Fig.4.5.3. The number of stages was
found to gqﬁal to. 2.
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4.6 ANALYSIS OF DEWAXED OIL AND SCP



i
'

o ' '
4.6.1 Analysis of dewaxed oil : !
} ¥ .

The dewaxed oil was made free from solvent by vacuum
distillation. To find its suitability aé lubricating oil, its

- i - |
physical properties were determined and were compared with the

- 1
commercial dewaxed oil produced by Refiuneries following solvent

extraction and solvent dewaxing method. Results are given in Table

4.6.13, Where the physical propertiés-of the feed stocks -used are

also shown to reflect the net change in properties.

H t
’ I |
TABLE 461 PROPERTIES OF THE MICROBIAL AND SOLVENT EXTRACTED -/

-y

DEWAXED OIlL

i

i

Properties Feed stocks Microbial Commercial
p Vacuum distillate dewaxed -o0il dewaxed oil
A B A B A B
1.Pour Pt. 0C . 48 30 18 . 0 18 -3
2.Density, 0, 0.9371  0.8806  0.9495 0.9165 0.9441 0.8994
. #/ml ‘ ;
3.Viscosity 4 10 1 7.7 9 9.3

eS8~ at 100 C

4 Viscosity

Index - * 42 B 76 60 95

” . ) i

; | 1
There was a net decrease of pour point of 30°C in both the
feed stocks undergone microbial dewaxing. The pour point of the
microbial dewaxed oil obtained from both the feed stocks is very -

well comparable with that of commercially _produced dewaxed oil.

However the viscosity index is lower ia microbial dewaxed oil. The

| - i ,
low value of viscosity index and increase of density of microbial

>

t
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déwaxéd oil- indicated the‘depqraffinisation of the feed stgcks by
which arobétic content hag gone uplin_thg microbial ,dewaxed 'oil.
The viscosity index,ihoweve£ pan‘be imﬁioved gither bg .solvent
~e¥trac£ion or by hydrogenation.(Kockert et al, 1982). . %

In ordé¥ to find the selectivity of the stfaih C.tropicalis
onlthe diffefept hydrocarbon components the feed stocks °A° and
the dewaxed oil werg‘analyseq'by column cﬁromatograph 1 and mass
specﬁ?ométer . The results of the ;nalygis are shown in the Table.
1.6.2. ~

TABLE. 4.62. CHANGE OF HYDROCARBON COMF’ONEMTS; BY‘ MICROBIAL

- DEWAXING :
. ) Hydroarbon components in dewaxed oil
0il sample saturates Aromatics ‘
g g oWt ) £ . wtﬁ
Vacuun distillate 60 28.3 .47 - 31.7 5&.8
Microbial dewaxed 33 9.8 29.8 23.2 70.2

oil _— ;

It can be seen from the Table‘ 4.65.2 thét 65.3 % of the
saturates and 26:9 % aromatics ‘presegt in - the feédy have been
utilised during microbial dewaxing which haéuresulted in- the net
increase of aromatic qontént'ih dgﬁaxea o0il.The utilisation o:f~
" some long éhain alkyl aromatic hYdrocaygon gnd the n:paraffihs as

determined by mass spectra analysis is shown .in Table 4.6.3.

-¥
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i

‘TABLE 463 CHANGE IN INDIVIDUAL  HYDROCARBON TYPES N VACUUM

DISTILLATE A" DUE TO MICROBIAL DEWAXING

Hydrocarbon types T Decrease wiiX

AROMATICS .

1. Alkyl benzene : ) 39.78

'2. Naphthene benzene ' . 24.12

3. Naphtheleﬁe - E . - 38.0
'4.'Acen§phth¢1ene : ‘ ' . - 36.21
SATURATES -

. y i ! i

1.n-paraffins 65.8 ;

Z.iSOandcyclopafaffins . nil

T

‘v il ) .‘ ! 1 . §
" The results indicated the selectivity od the strain towards

n&paraffinic hydrocarbons present 'in fae vacuum distillate sapple.

i
[

4.6.2 Analysis of biémass :
: Theydry yeast cells ﬁere’obtained as by produc£ ,from the
underfloﬁ stream of the oil extractior gnit as compa}ed to fslaék
wax produqed{id solvent dewaxing process. However the slack wax
produced from vacuum distillate A" in Barauni’Refinery bould not
find its market due to high oil content (30-40%). . | %
anaraffin_gfown yveast éells (C. tropicalis) have beeﬁ tested
as SCP powder in catt;e’fegd and the %oxciological » * nutritional

'

and field +trial experiments indicated its potentiality as a
{ : o 1

substitute of vegetable proteins. So vacuum.distillate‘érown yeast

eells ( C.tropicalis ) can be utilised as SCP in the cattle feed
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The prbximate analysis of the strain grown on heavier

hyd&qcarhop is compared with that of grown on n paraffin in Table

4.6,2;_The,éomposition of biomass obtained from n péraffin and
vacuum distillét¢s is quite comparable . Hargin&lly lower protein
énd‘carbohydrate content and maréinally ~higher 1ipid‘ content
were‘observed in vacuum di§piilaté-growﬁ biomadss.

The cost of production of SCP obtained gélby product of the
dewaxing<~process of 1ubriéating qil fraction would be
comparatively cheaper than cost of proéuction—of SCP from gas oil

!
or n paraffin .

[

TABLE 4.6.4.COMPOSITION OF SCP FROM DIFFERENT PETROLEUM FRACTIONS

Composition . Vacuum distillate n paraffin
* , - ) \A.wt % wt X,

" Protein K - 52 59.9
Lipida - : 12 7.8
Carbohydrate . ' 22 . 24 _4
ash _ ‘ T h 9 : o T.9
Water ‘ ' ” 5 ' -© 8.0

i

As the composition of polycyclic zromatic hydrocarbops in the

t

vacuum distidilats are higher than ‘that of gas oil or n

paraffins,possibly. some of the heavier aromatic hydrocarbons may

y b s

be present in the biomass .’ To bring down the undesirablée aromatic

. ‘ .
hydrocarbon. content of the biomass t., an - acceptable . 1limit as

i

recomended by IUPAC 1978, through washing of biomass with:suitable

sclvent system is required.

. v
- ' i 1
'
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