CHAPTER I

THEORY

3.1 Basic Equations

The general matesi ¢ equ 2rowth, substrate utilization and

Growth
Cell mass =
accumulation
dX/dt = 3.1
(7
Substrate Utilization'g
Substr, iance - Substrate
accumulatlﬁ m quirement consumed
for product

rmation
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Product Formation:

Product = Product + Product - Product - Product
accumulation synthesis  feed removal destruction

dP/dt = VX +FPo/V - FP/V - KP (3.3)
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The above equations are applicable for both steady and unsteady state

fermentation.

3.2 Batch Fermentation

For simplicity, it is,based-on thef
| S —

1. At the exponentis

w=>> (.4)
2. At the produ€t fof
o (3.5)
3. At the substrate consur Sti0;
(3.6)
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VAT g/g = U
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Since for the Btc =0,7équation (3.1), (3.2) and (3.3)
i

can be rearranged usinggof-assumptions (34), (3.5) and (3.6), and can be expressed as
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uX/Yy/s = (1/X) (dS/dt) = vg

v = (1/X) (dP/dt) (.9)

Where vg denotes the specific substrate consumption rate, the production yield

from carbon source, Yp/s, can be calculated from
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Yp/s = V/vg (3.10)
3.3 Single-stage Continuous Fermentation
In addition to the assumptions (3.4), (3.5) and (3.6), it can be assumed that

Xy=0 — , (.11)

P, = \ (.12)

With assumpti 6) 1-(3.12), equation (3.1) can be
(3.13)
(.14)

Let D denotes thg ﬂution rate deﬂxﬂ by the ratio between the flow rate of the
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At steady state, it can be seen that the specific growth rate is exactly equal to
the dilution rate.

From equation (3.2),using assumptions (3.4) - (3.6) and (3.11) - (3.12), it can

be obtained at steady state, i.e., dS/dt=0
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D(S,-8) = X/ Yols (3.16)

Where D is defined in-equation (3.15). Recalling from equation (3.15) that

p=D, equation (3.16) becomes

X == Yx/s(So =

' W (3.17)
2
itsdan Q}I steady state

v =DP (3.18)
3.4 Single-stage Co
If the outlet flow filtration i and the outlet flow from
fermentor is (1+a)F. So that, equations IOr fus system can be written as follows:

Cell =C g Cel ellff - Cell
accumulation growth  in recycle  out death

oo UPRHINETYS o
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accumulation  consume remov requirement consume
for product
~ formation
dS/dt = -uX/Yy/s + FSo/V - oaFS/V - (1+o)FS/V - mX (3.20)




Product = Product + Product - Product - Product
accumulation formation in out destruction

dP/dt = vX+ FPy/V - FP/V - KP (3.21)

3.5 Control of Biomass Concentration in A Continuous Fermentation.

From Figure 3.1 and"tk general/majerai i
(3.1), (3.2) and (3.3) : @an be written as follows:

Cell = Ce
growt

(3.22)
accumulation

dXidt = pX

Substrate = Substrate 4 Sut rate - Maintenance - Substrate

accumulation consumed —rem val requirement consumed
= v for product
— @ =7 formation
- v, X
ds/dt =-u>ﬂfx/s , = OX]¥p/s (3.23)

v B A VAN DS

accumulat synthesis fee removal destructxon
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Equations (3.22), (3.23), and (3.24) can be rearranged using assumptions
(3.4), (3.5), and (3.6) and can be expressed as:
dX/dt = (u - BD)X (3.25)

P/dt = vX - DP (3.26)
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dS/dt = D(S, - S) - X/ Yxs (.27)

At steady state equations (3.25), (3.26) and (3.27) can be simplified
u=BD (3.28)

v=DP/X (3.29)

Yus = uX/D(S.-S) . (3.30)

Where B= Bleed ratio

(7 ' ]
.
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3.6 Cross Flow Filtration

At present, a separation process with membrane is interesting and is widely
used in industry. Membranes is an energy-efficient, economical separation method

used to concentrate chemicals and b1 »

s at a high degree of purity. Comparing
the energy value in separatio rocess with membrane used lower

energy than other proce

Microfiltratio : \\

\\\\ id by using pore size of

membrane approximatély 0. . e 1-5 bar. Application of
microfiltration was used'in 3" \\o ess.

A typical MF operatio AS TP iven process in which low-MW solutes
and water pass through the filter and high-MW-solutes* i retained on the membrane
T———— )

surface. Therefore, co < d lﬂbetween the surface of the

membrane and the bulk fluid, This gradienfyresults in concentration polarization. As a

et ot oncl b bl At e e s
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concentr@ation can be written as follows:

JC - Dg dC/dx = IC, (3.31)
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Where D, is the effective diffusivity of solute in liquid film (cm %/s), J is the volumetric

filtration flux of liquid (cm3/cm2 s), and C is the concentration of solute (mol/em’

liquid).

ﬂummmmmm
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Figure 3 2 Solute transfer in a MF membrane: (a) without gel formation;
(b) with gel formation.

Integration of eq.3.31 with the boundary conditions of C=Cpat x =0 and

Cw=Catx=6yields‘




J=DJO In Cy/Cy (3.32)

or

J=kIn CW/Cs (3.33)

Where k = D./8 is the mass transfer coefficient and & is film thickness.

The mass transfer cogfficient | fluid and solute properties and

wumber) and Sc (Schmidt

flow conditions and is 2ated wi

number). /

Sh = dk/D, = 1L.2 4 \ (3.34)
where Re = dvp/B, . : \'\w D x\= ere Sh is the sherwood
number. The value of a ‘\ \'g undary layer theory; b is
approximately 0.5 for lami g% and 14 ulent flow. That is,

k ocv* for laminar and k ocv_for turbulen

J=kInC ‘—— : ,;'-‘ (3.35)

Gel fﬁﬁ'ﬁ? ﬁ n of the solute, pH,
and pressure. One gel is orme becomes constant an 1qu1d flux decreases

1oganaxﬁf}ﬂﬂﬁs‘§g§ﬁx%ﬁé]@%q‘ﬂl id. The gel

layer causes hydraulic resistance against flow and acts somewhat like a second
membrane. Figure 3.2 depicts the variation of liquid flux with the logarithm of

solute concentration in the absence and presence of gel formation.
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Gel formation d“by cross-flow filtration, where

pressure is not applieg \ pbrane, but parallel to the

e membrane surface and

liquid phase above the

Wik @
membrane. Mechanical agigationor vibra e membrane surface can also be
lf‘r < -J"'
used to alleviate gel formation. :
g s ”'F A

oot

membrane surface.

passes through the

il =

Schematic o ﬂo n ';j g 3.4 The pressure drop

driving fluid flow is

Ap—pﬂpuﬁl’él VIHVI‘JWEI’]ﬂ‘i (.36
Wﬁw%ﬁm AR A <

CLV  CopLQ
p,- P, =Ap = 1:2 = 254 (3.37)

where L is the length of the tube, B is fluid viscosity, Q is the volumetric flow rate

of the liquid, and d is diameter of the tube.
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For turbulent flow, the following equation is used for AP :

CaBLV _ C,4fLQ?

P~ P, =—Ap=—"_ £ (3.38)

where f'is the Fanning friction, which is a function of Re. For cross-flow filtration,

turbulent flow is desired.

Apm = (3.39)
Where pg is the filtrate p
Assuming that p¢ ssure, we can relate Ap, to
Ap.
Vs (3.40)
07 '}
High inlet pressure a:ﬂlo nid ve 0 be \ﬁd to obtain high Apy,.
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Figure 3.4 Schematic of cross-flow filtration

The filtration flux (J), as a function of transmembrane pressure drop, is

given by




APm
Rg+Rm

J=
Where R, and Ry, are gel and membrane resistance, respectively. Ry, is constant and
R, varies with the solute concentration and the tangential velocity across the

membrane, which can retard or elimi gel formation. Also, the filtration flux is a

function if fluid velocity, as ions.(3.40) and (3.41). Usually,

J ras e @the filtration rate. At low

velocities, the mass tr : S| .j\n,""*’«' ting in high gel resistance and

there is an optimal flui

low filtrate flux. At esulting in low Ap, and

an - \ values of Apn resulting in
ise \ ation on p;.  That is, the
ﬁgﬁ :

, aneip; 'I:' ed by |t e physical properties of the

therefore low perme

maximum flux. Thi

the new ceramic membranes, it

sh p; to very high levels Therefoie ft low App, values, flux
Ve ¥
increases with Apy, Eo o onﬂtion takes place, and gel

may be possible t

resistance increases w1tlf1n’easmg % rdultmf in a constant filtration flux.
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parameter.

1. Pressure (From equations (3.39), (3.40), and (3.41)).

(3.41)
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Permeation flux is proportional with pressure in system that it is continuous
increasing. Until, gel layer formed on the surface membrane that it increased total
filtration resistance and film resistance too. So, permeation flux is maximum and

constant when it comparing with pressure.

2. Recirculation velggity (From eqiiatiefis (3.34), (3.35), and (3.39)).

The mass t ent | n\\ it is proportional with

recirculation veloci rthermore, Increasing of

recirculation velocit urface membrane. So, gel

“\
thickness and gel resista yerage driving force(Apn,) will

decrease with increasing regirculation vel

3. Temperafun
L

The mass transférsoefficient increise with temperature which also results
in the increasﬂ{

WELA NI
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4. Concentration of solute. (C)

The permeate flux decrease with the solute concentration .




3.7 Membrane Rejection.

The rejection coefficient of a microfiltration is defined as

R= c L (3.42)

where C, is the concentration.of| anthafiltrate. When C, = 0, only water
passes though the filter andR= ‘ d solute rejection. If C, = Cy,
complete solute transfe  filtrate ' tak s place and R = 0 (no rejection).

Usually, the rejection g Lis closer to 1 (thatis, R =

0.95 or 0.98). The value 6f R i§ a'meastire if t! o selecti ity if the membrane for
certain solutes. SeleciiVe gep 3}.;_.-.'_1;" ous .v-\: ounds can be achieved using
membranes with the right m@lec "“5 I:» ;
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