Original Paper
10 dx.doi.org/10.22093/ww;j.2020.229211.3014

Journal of Water and Wastewater, Vol. 32, No.2, pp: 15-27

Preparation and Characterization of a Novel Cellulose

Nanocrystals/Polyamide Thin Film Nanocomposite
Membrane for Nanofiltration Applications

Y. Rahimi Kashkoulit, M. Rahbari Sisakht?, S. A. Mousavi Parsas3

1. PhD Candidate, Dept. of Chemical Engineering, Yasooj Branch,
Islamic Azad University, Yasooj, Iran
2. Assist. Prof., Dept. of Chemical Engineering, Gachsaran Branch,
Islamic Azad University, Gachsaran, Iran
(Corresponding Author) rahbarisisakh mail.
3. Assist. Prof., Dept. of Chemical Engineering, Yasooj Branch,
Islamic Azad University, Yasooj, Iran

(Received April 30, 2020  Accepted Sep. 29, 2020)

To cite this article:
Rahimi Kashkouli, Y., Rahbari Sisakht, M., Mousavi Parsa, S. A. 2021. “Preparation and characterization of a
novel cellulose nanocrystals/polyamide thin film nanocomposite membrane for nanofiltration applications”
Journal of Water and Wastewater, 32(2), 15-27. Doi: 10.22093/wwj.2020.229211.3014. (In Persian)

Abstract

Nanocellulose, as an emerging nanoscale material with important physical and chemical

properties, is intended for a variety of applications that go beyond the applications seen in
industrial  composites. The nanocomposite membrane of thin film cellulose
nanocrystalline/polyamide film for nanofiltration applications was made by interfacial
polymerization. The characteristics of the membrane synthesized by scanning electron
microscopy and infrared spectroscopy were analyzed. The function of the membrane made on
the solution of sodium sulfate salts (Na,SO,4) and magnesium chloride (MgCl,) was investigated
using the Central Compound Design method. The correlation coefficient of the computational
model (R-Sq adj) for salt excretion of Na,SO, and MgCl, was obtained to be equal to 99.67%
and 86.89%, respectively, which indicates the good compatibility of computational models with
experimental points, and the high accuracy of the models. The results of the statistical analysis
showed that, with increasing CNC concentration to intermediate level (0.05 %Wst), fluid flow to
intermediate level (2.25 lit/min) and pressure to high level (10 bar), the highest rejection
percentage of Na,SO, and MgCl, salts was 93.44 and 79.52%, respectively.

Keywords: Membrane, Nanocomposite, Cellulose Nanocrystalline, Nanofiltration, Fouling,
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Fig. 1. Nanofiltration system for evaluation of
membrane performance
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Table 2. Coded and actual levels of independent variables at different levels

. Symbol Coded / Actual levels
Independent variables
-1 0 +1
CNC concentration (wt. %) A 0.01 0.05 0.1
Fluid flow (lit / min) B 0.5 2.25 4
Pressure (bar) C 6 8 10

(Y2) S LS S &>
Table 3. Arrangement of central composite design for the three independent variables used in this study
and the results of rejection percentage of sodium sulfate (Y1) and magnesium chloride (Y?2)

Independent variables

Responses

Exp no. (Coded levels) (The values of the results obtained)
A B C Na,SO, rejection (%) Y; MgCI, rejection (%)Y,
1 -1 -1 -1 56.10 36.84
2 +1 -1 -1 66.40 61.20
3 -1 +1 -1 52.50 57.20
4 +1 +1 -1 63.90 66.50
5 -1 -1 +1 72.20 61.67
6 +1 -1 +1 80.20 60.10
7 -1 +1 +1 66.70 63.40
8 +1 +1 +1 75.37 58.70
9 -1 0 0 70.80 64.98
10 +1 0 0 79.20 71.40
11 0 -1 0 82.36 66.80
12 0 +1 0 78.22 72.90
13 0 0 -1 78.00 73.10
14 0 0 +1 93.44 79.52
15 0 0 0 86.30 72.10
16 0 0 0 86.90 74.50
17 0 0 0 86.00 68.31
18 0 0 0 86.50 73.90
19 0 0 0 86.00 72.80
20 0 0 0 85.70 74.60
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Fig. 2. SEM images of the upper surface of nanocomposite membranes,
a) TFC, b) TFN 0.01, ¢) TFN 0.05 and d) TFN 0.1
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Table 4. ANOVA for the rejection of sodium sulfate (Y ;) and magnesium chloride (Y )

Source i i
SS df F-value P-value SS df F-value P-value
Model 2313.28 8 725.45 0.0001  1530.00 7 18.98 0.0001
A 218.74 1 548.79 0.0001 114.31 1 9.93 0.0084
B 42.31 1 106.15 0.0001 102.98 1 8.94 0.0113
© 504.24 1 1265.0 0.0001 81.51 1 7.08 0.0208
AB - e e
AC 3.16 1 7.93 0.0168 199.30 1 17.31 0.0013
BC 2.24 1 5.61 0.0372 80.20 1 6.97 0.0216
A’ 390.35 1 979.32 0.0001 232.90 1 20.23 0.0007
B? 120.67 1 302.73 0.0001 151.09 1 13.12 0.0035
c’ 3.92 1 9.84 0.0095  ------- e e
Residual 4.38 11 e e 138.16 12 e e
Lack of fit 3.47 6 3.17 0.1133 110.23 7 2.82 0.1358
Pure error 0.91 5 e e 27.93 5 e e
Total 2317.67 19 - - 1668.17 19 - -
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Table 5. Statistical parameters obtained for the rejection of sodium sulfate (Y ;)
and magnesium chloride (Y ,)

Statistical parameters Y, Y,
R’ 0.9981 0.9172
R? adjusted 0.9967 0.8689
Std.Dev 0.63 3.39
Mean 76.64 66.53
Coefficient of variance 0.82 5.10
PRESS 17.62 684.39
Predicted R 0.9924 0.5897
Adequate precision 93.442 16.710

o) S 558 a3 oolsT 4 ys ulgal a3 5 bt lesl
Jsone ssb & oUls bl cpl by vl G318 5 oadly e o 2ul53)
Szl 3 n Sl (S i jlaia Sy S R? (adj)
s a1 5 asls 18

PR R A N VCR NP AP RPpU S NRPIP IV
Lo iz il 53 1 smte IS 5 s Ol s glo S
L ol IS s oo L e 5 (st 4 O 50
Lol sl oo, coman 5 ond Liabojl blas 5l eslizal
S0 IS8 5 ¥ S 5l e ool Sl Jus 51l
b Sl 5o b5 ke ek 5 (g 4 ek 13 905
3 (A)CNC cobhle 5815 55 Jolize 31 61 1 et IS
SLis sCNC cbale Lo ST onl 5 amms e olis (C) LLes
Sl g 525 ol 55U Jlw 2 5wt e gloy S
S 5 ob plen ol sud ansls &6 ol s 5 I YV m
GloSd w5 28 0 5 ¥ USS Glaslsgd 53055 o0 sanline
25 laie sONC gl clale 55 0 50 6 1S 5 s DU 5
RGO I wx

i D50 ONC Chle 3 Las s jls pos 4 25 L
el i sl slackili LONC chle a5 L o el
158 s S s 5 5mg olde a2 a2 o/ 10
w&\p\pomwﬁﬁtp\mé‘wﬁobsyu
~CNC &l U C.s."'ﬁd:.‘b‘\gu_i.oi B2 5 Fom ,luis CNC

4 Surface Plots
° Contour

Journal of Water and Wastewater

sl o TSS L ol3T 4z s slame o DFLY Jyus s

lime i Sl il 1y bt (2aSTMS Ol p o
s0S s g30s luis F-Value  P-Value 5 &l o Sl
Coomd o Ftn it iy ge 5bT (2555 L s By s
© bl el s 5L o s bl oo sz 5o
L 0935 st sainsplts ool Ly el ool Lack of fit oL
S F S5 3P S8 sl Jas 0350 calials
Jaa asl P[40 il 5 cnl Sllos Jos 0331 comslials
Lack el ,LF 5P 5luie ¥ Jsuz 4 ax 55 L.ciliS LS WL,
L Sl il s Sl S sl 1y Jua OF it
e IS s b slacda (gl s FEY/VY 5 P=o /00 YY
Ol g5 4 a5 L S Sl FEY/AY 5P=2/A\YOA L Ll
b Sl (Gl sladace 03 g2 celin SSLs oo 03l
0 Jsaz 534S 55b olen R¥adj) Ly Sl Jos (s
Hﬁjﬁwowﬁduﬁgw\mdu@iw
il sty 40,3 APTAR 5 0o 35 Q8TFY 1y o S o e
L et 5 Sl a3 0 51 i SR Jsomas sbay
S dobs b b 5 bosls Glbail snsgylis 5 ames 55
Wis et a5 (sl el sy B S st (5l S,
Ll L glwbw gladas Jle 5 o5 sl pills S
5ol b s el e sl 5 E8s yaad il

shaws (253l LR Slacie .ol R? (adj) s R o o glis 5,8

! Degrees of Freedom (DF)
2 sum of Square (SS)
s Mean Square (MS)

ML 5 Of aloma O

Vol. 32, No. 2, 2021

\feo JL«HV ajLo.:.\"Y 093



dx.doi.org/10.22093/wwj.2020.229211.3014 OblSan 5 ySES sar) ciusgy

Na2S04 Rejection (%)

MgCI2 Rejection (%)

b
S
eSS N 100
SN
97456
848069
76868 050 —
689204 3
60.9907 o
>
§ 000 4
4
3 [-%
1.00
100 050
050
000
C:Pressure -
050 050 "
A CNC Concentration (wt.%) 100 T * T
100 -1.00 400 050 000 050 100

A: CNC Concentration (wt.%)

Fig. 4. The amount of sodium sulfate rejected by the membrane produced, the three-dimensional surface plot a) and
contour plot b), the CNC (A) concentration, and the pressure C) of the variable factors and the fluid flow (B) was kept
constant at zero level
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Fig. 5. The amount of Magnesium chloride rejected by the membrane produced, the three-dimensional surface plot a)
and contour plot b), the CNC (A) concentration, and the pressure (C) of the variable factors and the fluid flow (B) was
kept constant at zero level
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Fig. 6. Organic sedimentation of membranes TFC
and TFN
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