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ABSTRACT

of untreated wastewaters, environmental pollution and pollution of water

resources are increasing very rapidly. Membrane technology is an advanced
and hopeful way to treat water and wastewater. Nanofiltration technology is widely
used in water treatment and desalination of seawater.
Methods: The performance of thin film polyamide membranes containing unmodified
and modified manganese dioxide nanotubes was investigated. After hydrothermal
synthesis of manganese dioxide nanotubes, the inner surface of the nanotubes was
modified with polydopamine, and then, their performance in thin film polyamide
membranes (in terms of monovalent/divalent ions rejection and permeation flux) was

Hypothesis: Today, with the development of different industries and the disposal

investigated.
Findings: Unmodified and modified nanotubes were characterized by Fourier transform
infrared spectroscopy (FTIR), Brunauer-Emmett-Teller (BET) and X-ray diffraction
thin film membrane, analysis (XRD). In addition, the morphology and structure of the thin film membranes

were investigated by field emission scanning electron microscopy (FE-SEM) test and the

permeation flux, o .
performance of the membranes was studied in terms of permeation flux, contact angle

manganese dioxide and rejection of sodium and copper ions. The maximum pure water flux, 18.6 L/m?h,
nanotube, was obtained for the membrane containing 0.10 wt% modified nanotube; an increase of
water treatment, 21.88% compared to the neat membrane. Creation of tiny pores on the surface of the

membranes through hydrophilic nanotubes resulted in higher flux while there are extra
routes through the nanotubes for water permeation. The maximum rejection of sodium
ion (97.02%) for the membrane containing 0.2 wt% modified nanotubes could be related
to the stacking of the nanotubes and more spatial hindrance, reduction in the diameter of
the nanotube due to the coating and permeation of water through the nanotubes.

desalination
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Theory BET Theory Langmuir
Nanotube v Specific surface Total pore volume v Specific surface
(cm’/g) (cm?/g) (cm’/g) (cm’/g) (cm?/g)
MnO, 13.289 57.838 0.1026 26.20 114.04
PDMnO, 1.876 8.167 0.0599 3.25 14.13
104 Veer =313 ¥ 0 last (o lgp9 om0 Ui posl (53509355 5 ool spale Alme




OblSen 9 S3ZUS sy

52930 1628.11

Transmittance (%)

34382

5253 716 162148 343160
1.0 —— PDMnO,
MnO,

500 1000 1500 2000 2500 3000 3500 40000

Wavenumber (cm™)

(a)

[/ NH/NH

QQ

OH (g

(b)

5 PDMnO, s MnO, sl 5z (ladd o) 56 FTIR (glacab () ) K5
S s s el RS b S50 Skl ()

Lad J gl
Fig. 1. (a) FTIR spectra of MnO, and PDMnO, synthesised
nanotubes and (b) molecular structure of polydopamine

formed on the inner surface of the nanotubes.

FA A DY s Ll Sy Liea by e MO, slad ) 5L
sl Culs o by e MNO, gladsin 4 A% 5 70 XYV
s is ol &S gosba sl Hlde b oclae il
SAS| a5 MO, slaamin 3l g mia i LS 31,
5 a3l sl 6 o5k ¢S
1S a6, 4L iy el 53 48 el OT 5 Sl 0

IYAT el 428105 0T (65 sl ol el 46

B4l g56  oxbaw 5k
A el pHyy el O3l dad J5b mlans 5L )2 81
Ll b o g3, 5k OF 53 & 5550 «iS SpH « pH,,

e 355 [VNYY] el

e SBYI B3 (5l JauST HiSio 0 3z Mol SLaalglgils sl STl LAY slaline

3 dloolls Glas,s @ by (SKpd ode il pled
Sl s el mhaw Ol ol STy Sl S0 plend ol
el ($38 2 v, BET O30 el b Gillae [IV] ol G1)
325 2o Db s Glae i mha (65,5 VST S oS
SACPICNIS B (ST APUCH O i RS FE NG S U
DAY 505 Blisl sl ge sl 5 el b sddodo S e ol
>SSk 5 eVl ol Ll gl BET ol o
BET « L ;5 [\WV] sl s &)l Langmuir 4 L sls 28
Jsls s LawY plod &S s e (S5 e 55 Ve Ol
(ol (sl sl SuSy b aiSesn g met o) L
ar gy b VA] s S el Y a5l 5 Ol 5 oo |, Langmuir «Jsles
5 BET 4l ,3) ) a3 v, fals BET 0405l mls
rhe oo bk WSS 5 @S0G 5 5L (Langmuir

sl 0l i MO, gladd J 50 15

98 R 0 0] (PR

(b)) JSC& 50 5 0ld Dol glad J SUFTIR ik (a) ) |02
s e DL 1) sprge g 5 omlisn s (J50se Sl
Se-05St Gl il )l 4 by e VIZ em! 5 OYONY sl
5 VEYV/FA em?t Koo [Y0] MnO, slad 50 (Mn-O)
YV ]l O-Mn-0 &S sla sl )| SLiMnO, slad J 5L
Sla il l edsOlis Ll g e YTV /S eeom! 55 Sy oS b s
53 IV il elicds Of @ b je OH- (glaoy § LS
03 dosdnl dely 4 1PYANY em?! Sy il slad L
VEYANY S opmaman [YYYE] il by o sl L bl
S gl il edas(lis PDMNO, stimdlol 4 J 5t (sl
03 Ko Ll o s el fuelbiss b (Soles,l ail> C=C
5 —OH (lacy S 2l sla sl )l il Jsa YYYA/Y em!
VEYANY emt s AYVE/OY A YR Ky [Y0] el N-H
5 ol L CO 23S gla il & PDMNO, sladlJ 6 (ol
(I deol o s N-H 2l )l 4 \YYE/VACM! st S
o35doms 53 (D sl Lsm w0 bgye S, s by s
N-H e s C-N 228 glacS > 51 a6 )Y Yee om’!
[YPYV] ke

X g g (ol
ol 5 kil (g sladl J 56 XRD (sl S Y I
sl sk sl 4 Al b el e e 0L

Veer 53133 ¥ oot (o)l JUs crotl (5 35I9i5 9 ool rpale alza \7-



- BBYS DI Sl Jaus] 3iSie 0 bz Vol sladlglgil slils STl LAY slaline

C_}@)ﬁ J\ASC,,..J GMCW‘ dudjjfb)\ﬁg;“ L}S'b‘ aucw\
[Felssilad e S5 g s> Donnan J 2olssl Cor ge Ll 55 o0

FE-SEM § TEM 559 S0 (SWocyg03T

3 MNO, ook s ghadd 516 TEM gl e (B) 5 (@) ¥ (sl 105 5
2 b Se e s alis L el sdd esls 0L PDMNO,
o slaal L gl st s ey (B) 5 (@) F (sl IS
5 Feed S PDMO, sl L5l ol 5 03,80 i
S ol ol 5l S alss ol MnO, a5l e
) 520l 50 S sl 55 L LMNO, slaal 56 as it 5
SSLEMNO, a5 ol sl 53 by (5 S bslas
3 IS0k 45 gt 5 ol (ol 53 L L ladd J U s s sy
33 s W8l sl mhaw (655 melisa Sk A3 s
© F Ko 53 pomen ol 03,0 (g WOT Gl ) Sl
el 0 0313 DL MO, sz sl sladd J 56 FE-SEM .S
ol et a5l Cotl 5 S gl el T s &S
Ol 53) MO, (slad 5 (5,8 Ko gl 3 o s b 4l yens
Il sl oals LS () F S 53 (WY h G Y+ min

b4Y Slis (o1 6958 9 M5 (F9IFTN (S 9Twg a0
Oseil SaSa balie mhu b3 S8 5 Jlle Sl
L5 b b (0 JS8) BEM) s (5o 81 (o sSes S
chie 5 ((©) 0 b () 0) zlaw SEM (sla oS ol o ol

1600
1400 {
1200 { — MnO,
— PDMnO,

1000 {

800 1

Intensity

600 1

400 1

200 1

0

0 10 20 30 40 S50 60 70 80 90
20 (degree)

PDMnO, s MnO, ol i glad 3 5L XRD (sla ;51 -Y I

Fig. 2. XRD patterns of MnO, and PDMnO, nanotubes.

NaCl ;¥e +/) Jglme Vo mL Il pH, 0 s (610 Sl o0
Jsbe 5 HCL Vo o/) Jylome b 5 ol aiey, olass b s
RTINS K e Lol «Jsl pH NaOH Y0 +/)
SIS O FA D e 5 o358l las b JJgL /) g
o 3 43I pH 51 05508 5 ol PH (6863100 Lo o5 5an
PHyye el [Y4] el sty pH 0 e cadsl pH o s O
NG IPR - JP PR WA g CEL TS WA o.,\..'zcﬁ\«a\ slad J gt
AP0 L alie 53 eldNol J4 50 pH, e oS 4 a5 L
Sad sl mhe (PH=Y) St sladgle pH wdiizdol

N /

Final pH-initial pH

2 .\

Initial pH

(b)

PDMnO, szl 4456 (0) 5 MnO, sdiizdhal 4456 () sl PHype Sialesl s -F s

2.
z /\ pH =652
=
= /
I' 0
o
5
R=
s
24
'®
2 3 4 5 6 7 8 9 10 11
Initial pH
(a)
Fig. 3. pH,,.

\?\ Ve 25— 313,35 ¥ 0 )losd (@ )l 9 o Ul poaks (59J9455 9 pole (ole dlxo

test results for: (a) unmodified MnO, nannotube and (b) modified PDMnO, nannotube.



- SLBY DA (5l JawST 3iSie 0 SubzWal slaalglesl il ‘S*QT‘,le IHLAsY slaling

—

S ISU 5,8 IS a0l b (@) 5 MO, & 56 FE-SEM .S () PDMnO, (b) MnO, (@) TEM (sla 5o =¥ S

AOYh GV min k) MnO,
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of MnO, nanotubes (during 160 min to 12 h).
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Fig. 6. 2D and 3D atomic force microscopy (AFM) images for thin film membranes: (a) neat and (b) containing 0.05 wt% of

unmodified nanotubes.
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different concentrations of MnO, and PDMnO, nanotubes.
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different concentrations of nanotubes.
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Fig. 9. Permeation flux of copper ion solution at constant
pressure of 5 bars for thin film membranes containing different

concentrations of nanotubes.
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Table. 2. Comparison of present study results with results of other researchers on the application of nanotubes in NF membranes.

Nanotubes amount Feed Feed solution Pressure Pure water o
) ; Rejection (%) Ref.
(Wt%) solution concentration (ppm) (bar) flux (L/m*h)
NaCl 200 96.8
0.1 (PDMnO,) 5 18.6 This study
CuSO, 500 100
0.04 (HNT-NH,) NaCl 500 9 32 49 62
3 (modified HNT) Dye 100 4 98 92 63
3 (HNT) Dye 500 3 43 94.9 64
0.05 (modified HNT) NaCl 1000 4 138 12.3 65
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