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Figure 3.5 Details of a high pressure (Manton-Gaulin) homogenizer valve: A, handwheel for
adjusting pressure: B. spring-driven valve rod; C, valve (see Figure 3.6); D valve seat (also see
Fig. 3.6); and E. impact ring of hard material. The ring E is sometimes eroded by the impact of cells
and debris, which can be abrasive. (Schematic based on a design by Manton—-Gaulin APV.)

Standard valve (SV) Cell rupture valve (CR) Grooved valve (GV)

Ball cell disruption
Knife-edge valve (KE) Conical valve (CV) valve (BCD)

Figure 3.6 Configurations of high pressure he

s

or valves used in Manton-Gaulin homoge-

¥ == i







@)
b &%%“{ W af U ast, mjﬁ%ﬁg

%, g}w & Ca mjffa Yea % /LOM

[ %‘i{ﬁ/ %(L&% e, é««ﬁw}
M‘% /{%ao&f
wfjwemﬁm/ /

- wfﬁ /mm% od tl

m'A,Mﬁ-‘f—' calee awd‘du o 40(facu-
’L‘PM‘” had :  («a brp luote m&v / éff

(ﬁw&»
(Adtwﬁg/wcé o %%é%% 0‘5







&
( <{\
’(M
"d"ye'@;' ﬂ%%
_,.a.;/:,»lv” ,i .
H-[ /K“

| /\
Y

\\\

\\\

: ot g
" HreAbn
fh‘e
i e AW
Oj /
Qe
qé/V
4631

GWU-{AE(:
= -~
- Q
’ ot ¥
Cl
| Ci,p
s
IQ\J/
iaﬂza




® b, &Awhfmlwﬁ‘m(w{ﬂw
\
el 0
& —— | -
f"‘%‘m %\V = pefoukad
Tt A"E\M_a
%5, & ® Ve, O,
eruda
W A A ) Laweobe (% |
cg') C:'\C;gﬁ'f‘m/ %:)ﬂf
‘ A
(i%gu@) .
/‘*9 - (b‘P i) /L“P_
m& ﬁu's‘— M;ﬂ‘:t_? + NFQ/L"L




: VLY - (o fetemnee -
m ' Fm&rﬂeaneﬁ'r D el

v Kouwﬂ(abu/ﬁfuéari%ﬂac

/el\.ﬂb-w{aa Lc

/=M #w

'>4 o Mc[u./ /M

7







(et i /’*’ffﬁtﬂ%/f)//’w‘w’vt a

T Crie

I, = ?Q? ) 2










A&mmﬁ“l@uoyrh

aty wle e B Hag., . )
zi) ,gﬂﬁﬁm Fiealiesal B -ﬁﬁ%/ ‘g (‘W{

4@/44%4\,;%4,/“%;\ ? i/



MWWW/ { sbaione

/L%M&Z,émfjﬁém% A M&ﬁ: .
//

M&%«

M 23N /bé%ﬁg; fM‘

Z«e(k(q g, 0
@WQM /««%é;m/g&
G 157 ce's, WMM&Q@@

hordide (1

= /M% jﬁrfi@eﬂ/ ool et LT

ZLUM Ll b sl oy ffraeo -
51‘4« # |« A LB/

i



%:QQ?—Q S R e, e (<

)4 EV‘«W /“4‘%% ek C}/fﬁ’/!vha: Ax 46 e
/Qb = 200 lted = 2l

& = ¢/4j&;3 = //4@92 A

_ A45 3. Ao
Ado. 3 Moo _
“Qﬂ F oA

4 > Jz; ) Wﬁ%/

I/ B/ L S g
gc/ = w Alvo I Ao

069 5% _ : 761 12 a
\()g _ ﬁ/ﬁ’p& @L/ Q/ 6%% AN 121

Q@ = 131 g 1 -
Q- &5 = o Gy = GRAL
g A5 a5
F?S ‘%f; - @(70 C &) - gyf 16’0;/6? S/pp./;%
T Y M = @\T(o(@ﬁl)= //3(/&')







%&ekh//fww e’e.’) lee .Cps/ @
(MMRM

L
Ml G/ 15 Al AL, Q@f JZ{M Z‘*{fz
 leaal i o/

/L,p‘-ﬂ'ﬁfl V\ /M@W -







Filirate

\

Membrane |

Retentate & Filtrate



Reverse

. Ultrafiltration Particle Filtration
' Osmosis
Separation NS T
Process Nanofiltration Microfiitration
|
= ¥ Whole
E-Cost Pigment Broth Cells
. Red Blood Celis |
Relztive l Fat Micelles
o Bacterla
i Actrvated
Lﬁ[’ﬁl’ﬁ[‘ﬁﬁ Ol Emulsion Carbon
o [ l
daterials Blue
[haterials PR oy TP CrylptasporadtuT
C‘E';Sti"" Human Hair

Note: 1 micron (micrometer) = 4 x 10-5 inches = 1 x 104 Angstrom units £ 2004 - Koch Membrane Systems

‘Mate Moriowobent  Miultrsplend Vinrsps Bactesls  Suspepcled
oem bt bty

Microfiltration , | N EAN
» o, kY B

(LT Mormowak=nt MWy ltapdsnd Virrss Bacteria  Sispendsd
larm e Solids

Ultrafiltration Now \uw \»r
e e e L el S e B i Al e i b e .

], % 4

Wt Moricenl=nt  hiltsapleit Vilheses Bacteria  Susperwlsd

lpery ey Silnds

Nanofiltration ! N N\w \»r \_»
- \

Mgt Momiivnk=nt A ilbovadent Tirnaes Baiterin  Simperuched
oy, (ST Salirds

Reverse Osmosis P | \

Membrane Process Characteristics



Concentration polarization model

The concentration profile of solute molecules close to the membrane surface is shown in Fig. |. At steady
state, a material balance of solute molecules in a control volume within the concentration polarization layer
vields the following differential equation:

J,C-J,C,+D 4 (h
dx

Integrating this with boundary conditions (C=C,, atx =0; C=C, at x = &,), we get

J, :kln[ﬂf—] (2
i

b o
k (= mass transfer coefficient) = D/ &,
This equation is known as the concentration polarization equation for partially rejected solutes. For total
solute rejection, i.e., when C, = 0, the equation reduces to

e\
g, =k [nt(%" )
G ) Membrane
Back diffusion
dc
= D s -
dx
Fig. |
Jp
Bulk
feed Permeate
AAEEEE . e c,

+“—>
Concentration polarization
layer = &,
) T
X 4

When the solute concentration at the membrane surface reaches the saturation concentration for the solute
(C,). or the gelation concentration of the macromolecule (C,). there can be no further increase in C,,.. Thus

ol r(-'_\ /
J :klni'c—“‘:kln\T‘"J (4)
I\(b)' \(-"

This is referred to as the gel polarization equation. It indicates that when C,, equals C, (or C,) the permeate
flux is independent of the TMP. In the pressure independent region, the permeate flux for a given feed
solution is only dependent on the mass transfer coefficient. For a particular mass transfer coefficient the
pressure independent permeate flux value is referred to as the limiting flux (J,,,). According to the gel
polarization model, the existence of this limiting flux is a consequence of gelation of the solute at the
membrane-solution interface.
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iProperty Density (kg/m3 ) fViscosity (cP) ‘Difﬁjsivity (mm?2 /s)i

Gas |1 10.01 11-10 |

'SCF  100-800 0.05-0.1  [0.01-0.1 |

Liquid (1000  [05-1.0  [0.001 |
‘__ * Fluid (Critical Temperature (K) \Criticai Pressure_fb_ar)_'
| Carbon dioxide | 304.1 | 73.8 |
[ Ethane | 305.4 | 488 |
| Ethylene | 282.4 | 504
‘ Propane ] 369.8 F i 42.5
‘_ : Propylene— [ 3649 _‘ 46.0
’ﬁﬂ_uo;ome_thar{e_ (Flt_loroformj |r-_ _ 299.3 ‘ 48.6
[ Chlorotrifluoromethane | 302.0 | 38.7 |
| Trichlorofluoromethane | 471.2 | 44.1 '
| Ammonia | 405.5 | 135 |
‘ Water i 647.3 ‘ 2212 |
| Cyclohexane J 553.5 407 |
| n-Pentane f 469.7 | 33.7
| Toluene } 591.8 | 41.0 ‘
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A
Upper heating plate
‘Vapﬁr " I L
' Condenser
Hoghe H| ==
: A Tee
Lower heating plate
: e
pump
B
Upper plate
9 upper
Top
s } Interfaces
Lower plate Bottom
T bottom

FIG. 1. (A) COMPONENTS OF A FREEZE-DRYER. (B) DETAILS ABOUT THE MECHANISMS
OCCURRING DURING FREEZE DRYING
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