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ABSTRACT: In this study, kinetic modeling of permeates flux and total hydraulic resistance of camel
milk ultrafiltration in different conditions of transmembrane pressure (TMP, 80-160 kPa) and
temperature (T, 20-40 °C) was performed by six kinetic models and finally, the homographic kinetic
model for modeling the permeate flux and exponential kinetic model for modeling the total hydraulic
resistance considering R? and RMSE values have been selected and their parameters were studied.
The results of ANOVA of homographic kinetic model illustrated that the linear effect of
transmembrane pressure on all model parameters (initial flux (Jo), steady-state flux (J«), flux decline
time constant (I/b) and flux decline extent (a)) and the interaction effects of transmembrane pressure
-temperature at a 95% level on the Joand I/b were significant. The results of ANOVA of exponential
kinetic model also showed that the linear effect of transmembrane pressure had a significant effect
on all exponential kinetic model parameters (initial hydraulic resistance (Ro), steady-state hydraulic
resistance (R«) and resistance increment rate (k)) at 95% level. Also, the linear effect of temperature
and the interaction effects of transmembrane pressure -temperature at a 95% level on the k parameter
were significant.
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1 Permeate flux
2 Fouling



Qi8S 18wy g Eon

o) 9 dlge

adgl Slgo ool

O stz 99 @)l dete (s 5L 51 2 5l
Basls olie mlio Jlidos bjgel meizme o
a2 YV) 00 o Gl 5l o Sede (omp )b
@t oS5l e jeilew bwg (Gugede
(igp o, VIVY ( oy doy0 ¢ fF Glhls ledsgas
Qo W AYD g S aoyo </ S as o Y/0F
2oe PIY ol pH 5 IS dels olse

(e 5 3Ldiro
5 )L Selns 8, Syo jslate 4 ek onl o
w5l el el Gl SHel (Sdg s Coeglie
S 9 N e St (928 S Joo

Joe as 5ls loy b Lo JL8) gy 2 sl S8 S g0

5 b —els S (Sl Fgege S

Coglie ,U8, o oy Gln e S

sl Joe ol jo ol soleiwl oy b JS Sy 000

2y 5 (R) oo coyo o)l bang il

5 alie S0 L (RMSE) s claye oSibe

2o RMSE Jlade (1 yieS g R? ladie

ooy s 5L Saiiopms sledono 1l

S S Joo )

s zals ol 0 a5 TEKM) oy Sitew Jow

D98 Ol ) Aol ©j90 4 0018 Gloj Lol
dUt=Jo) |, Ut=Joo)

-+ . =0 (\ adaly)

to g LL ,Lo Joo &b lej 5l o oglys Lo Jt o] yo a8

Loyl 5l oolainl b wilgs ooV dlobee .conl loy <ol

Jeolpm ot wgdob plpdopn plpt 0 655
98 > 5 Syge 4 d0 b plp

(@;&51‘3 ‘50.1.9) \Fee ).ula Y e)Lo.& HY 0499 ‘O‘)‘.’.' ottt Gt and S YA

b (ool Sl (S8l T gege Siiiw slo o
Slgyde Suaglie )3 (w2 sl (oiled S g
Rajca et al., 2009;) ol oo &l)l oy L IS
Skl &ye0 4o a5 (Razavi et al., 2017, 2018
Sy lei so 00l ke slo Jow b g ym slrosls
LS (Ssyee Coglie g 5L L3, o651 51 (6
dlawlie a5 il Cavs al B alise ol i 50 ylo;
anl o jeie o cul QLI olse 2in o
B85 B mpp Syge S e gl i3]l
b 2o b olerdsosd sla Sy Sk

S b g Olie 5 &9 515 5oy 4 95 b
Sl oty y o Jle plyie 4 atiae Sglit
9 099 o8 et 5l i Ol 50 G55 @ ey
s g Jo3nS o1 0 (il Gla e @iy
Farah ) cool o8 o 51 jiin 50 o)) S slo fuas
—éﬁg O &S <5’L> QT )'1 CJ'.’.‘)'.’L;'.’ & Ruegg, 1989
W g spslp anlp Vsl wjls 02y 42 s
13 sl salgs va b olacsgles 16 byl &Y gama
I 2 Gaml Sl slie LS 9550 50 4z S
S 3500 5 Lol el ous Jlgl,3 calises lidiss
Selizsgyien o ool SaS & J5 Sy
Gl o Cpl 0 W e s LG
S S Sl g L (St
5 R? Jlake o yiios il sladae cules 0 5 0
590 BT 6la el )l 5 Sl RMSE |l s y2aS

1 Empirical kinetic model



FYA . Cwglio g 4Ld (Soutumw gilduw g9y 9 oI5 SLalS

A sl deyo0 oo aogly LS Coly o b=l
LL L (mibre jlade casms lis @ o) g a0 (g
dwlo Aol lawgs Wlgh oo LL Lo 10wl
R PW
Jo =Jo(1—a) (A ally)
seals Mol [l e b =0 31l a wile
odips lis i b ol polie .(JEdo) WS cod lag
oaiad Ll b (YL polie Lol el (Lo atwal als
Jsb 30 QLo gy (2l o9l s HLo 0 0 o
A/b) b ol weSre Las cowl gl sl 2l
oo (S 323 potdo b (gauaz Sl )l 45 00 o crge
oley ol sl caws 4y JLs als Loy <ol sL L g
@ ey Slr lssee Ol Bpae (UUD) JLS 2alS
el Gl S alS slas e B
oloj b 5 (Sdgyaud Cuoglio (S sldoe o
S35 gogh Sy Joo )
Coglie Sl (ooyp Hskiie 4 Jow cnl o
Caglie 025 loosly ll (ploj- 5 Sds 00
i o laibisl 5 adaly sleslaunl b les- Sdg 0
Y(t) = %;R") A akal))
Rot by 0 J5 (Sdgiup Cwglie R(E) a5
Lol Lie J18 Cuoglio Rm g adgl (SCds 0 Cuwglio
3 Jaslewl alaly slacols dacwloe 40,5 eols jglate a
Conl A ddayl) oals Jas 0,8 a5 Ve alal) 348 ouls
8,5 1,8 ool 8440

=k + (ky X 0) (V- alaly)

ifjlj.a\ sy o 5 a0 VK2 g VKL o o oS

L Y([) cibre Jlaie g (Ssjoun Cawglio adsl

(V) dolae lool i ol t>00 a5 K

dolbee &yge 4 L > o IS Sy 0 Cwglie
9 (o0 Ol 2

Rmz(Rmeiz)+R0 (V) b))

(95 (sole)

Je = (Jo — Jw)exp(—kt) + (¥ akal))

Joo
adgl Lo Jo g Lo rals #5 el (VS) K ()] yo oS
N a po S Joto .¥

Ol pns oo "NKM) N s o S Jow o
Ol pj dolee Sygo 4 (loy L B) Lae (5 233445

Ry

40 (¥ alasl )

E = —CZ(6 - 600)n

a0 N ls zals #5 coli (VS) a el jo o

L Lyt 5 slid (6 didsh 8o 5 5 iydphs palS

S S bl leolaiul b wilgs oo ¥ dlolee el

2y Oyg0 d 0= 0 8y t—00 46=00.1=0 ,o
055 >
(F alail)

(6—08,)"=Mm—Dat + (6y — 6)1 ™™

G 3l oyl L glaools (gl dolee 3l solaiul

oglyi )i 5 Lid (6,0 053985 e albasly (05 solas

e ) Dz 4 ) 3(1) sa e el)l 1V el
19 (o0
_ U-Jw)
8(1) = Uo—Joo) © by
@ ) dolee ¥aoles 0 0 aoles 35> L
XV IRV PSR

(L) = (- Dat + 1 (¢ k)

Jo—Jeo
Sl gad Sepiipnw Joko ¥

Pgdse Ol ) Syge 4 ol
(v akaly)

1+bxt

Je =Jo—Jo (3o)
OhalS ojlul glixe 4 (an g0) @ (ol yo a5

&5 (V8 b g ol il sl wl s Jsb o LA
ol (gl 28l gl w3 (b o ol Lo ralS
S5 Al oS (o lag 2als JLs il a= 0 31

2 Homographic kinetic model

1 N-order kinetic model
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1 Koch membrane
2 Polysulfide amide
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