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Thesis Title Preparation of Nanocomposite Membrane for Water Treatment
Author Mr.Adison Ratchaniphont
Major Program Technology and Environmental Management
Academic 2013
ABSTRACT

This research aims to develop the method to produce membranes with good
mechanical properties and optimize the selectivity of membrane by modifying functional groups.
The researcher has studied the optimum conditions for synthesis of polyamide to produce
membrane founded using LiCl at 10 °C and level of spin speed at 940 rpm, receive 90.52+2.33 %
of the polyamide and can be formed to flat sheet membrane. Forming membranes controlled by
thickness of membranes is smoother than controlled volume. Results of FTIR confirmed that the
polyamide obtained by synthesis is nylon 6,6 and and membranes were prepared from a mixed
solution of polyamide and carbon nanotubes are solution of nylon 6,6. Results of SEM showed
the membrane prepared from mixed solution of polyamide and 1.5 % by weight of carbon
nanotubes with a sonicator for 60 minutes are uniform dispersion of carbon nanotubes and overall
skin are smoother than another membrane. Results of TGA showed membranes had
decomposition temperature between 382.29 +6.97 °C to 432.78+3.47 °C. Results of DSC showed
membranes have melt temperature between 62.50+2.47 °C to 155.01+7.54 °C and membranes
were prepared from mixed solution of polyamide and 1.0% by weight of carbon nanotubes with a
sonicator for 30 minutes have the highest %crystallinity at 51.58 %. Results of mechanical test
showed membranes were prepared from mixed solution of polyamide and 1.5% by weight of
carbon nanotubes with a sonicator for 60 minutes have the best mechanical properties including
tensile strength, Elongation and Young's Modulus at 6.76+0.06, 5.79+4.15 and 338.9+111.54
respectively. Results of filtration showed membranes were prepared from mixed solution of
polyamide and 1.5% by weight of carbon nanotubes with a sonicator for 60 minutes have the best

selection of Fe” solution at 70.32+5.79%.

Keywords: nylon 6,6 interfacial polymerization membrane
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Chemical type & description Chemical structure

1. Cellulose Acetate - OH

Loeb-Sourirajan CA OH
3 -2 -1

Flux: 0.35m” m~ day OH o d

OH
Salt rejection: 99%

Test: > 100 bar, 4% NaCl solution

2. Aromatic Polyamide - Polyamide- - -

O=, //O

hydrazide =

Flux: 0.67m’ m " day_1 0 i /@\ J\Q)L /©\

Salt rejection: 99.5% i

Test: 30 °C, > 100 bar, 3.5% NaCl -

solution
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condensation (Byeong-Heon Jeong, 2007) DNITHUI IUMTHAAITOLHY m"lmummauslﬂm
A aa . . @ s A | Y amasdAy aA
fI® 3T Interfacial polymerization NITHAUATISHIYDUNUAIYITU maﬂﬂaamwgﬂumi

a

4
=y

a Aaana ] o 9 1 Aa @ a Jd W a Aaaa a

Lﬂﬂ“]_I§]ﬂfl'EﬂllllEIQ‘VI1SI,WVIJJ!ﬂﬂﬂ'liﬁ'ﬁ'lﬁl@’)ﬂl@\ﬂ/‘l'ﬁ]amﬂi, UGWWﬂ'IiLﬂW]JQﬂiEJ'IEIQ, ANUUITIND
Y a o 4

a9 waz ldnanduaiinen 100% (H.A. Shawky, 2011)

a ) v Jou A
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° ' 1 9 a 9 ' o Y
mmzmﬂagiuizuu ﬁ’ﬂ N1INITIY Lm%fﬂﬁﬂ1EJL‘I/1ﬂ'J1lJ§'?J‘L!"UEN§$°UULﬂﬂ]l@aﬂ')'l uaz‘wﬂw

1 Aaan A a -4 ] a P
anunilavesszun hige awnsanrvquanudouveslfiserinainladie wedaiuesn
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dunsied ldoneglugdvesasazatedssannsati 1 14se Tomi ldTaonse nioornimed

a

woshld hldsuiunedwesyiiadulashfnsoderiiose 11 Yeidovesmsdunse

E4
amdad

&einiine hansazatsveaneamesnndiazate deamnsoudlvldlasmsidendai
~ a MYy A A Yo o A Y £ o o
aszmazamwaamm“lﬂuafmqw wionsl¥iiiarmefiszme | dendediiazaiens
dy @ a S o S ¥ a s A = an a J [
Huloununediuesndunsizy 1a weaosnieuasoulasITweauos 15y FuUL
Y a a a a a 4 a a J a
msazae 1diu wod lilaueding weoaozas lalulasa wed lilaueanssoad Haznoa 1o
~ I 9 dy = a o a SAY Y 1 o o & A
TwsSu Wudu uenaniimsmssuneawos lasweawesnld liazareludriiazaredaiise
MWIZ1 mAlane Ao T3 Ul Uz 193019 (interfacial polymerization) 151 N131A3 g1
a 4 4 L] 09}/ o aaa ] {
wode lud Tasuouowesvzuonagauazsuvosa1sazals uazvziilgnsernrvuuum
1 Qs: i A Aaaa 1 a PP 4 1 3
FERINFU vaziine URATOMIDHILNE AT NIAATUTE HINTFUVOIETAzA18YNAI DN
[ 1 A £ o Y a d a dg’ 9 1 1 A [ 1R a o Aaaa
pgaolilos Fuih ldnedwesinatiu ldedeasiiios uavin ludenedweseonun Ugnaserny

a 9 = Qszl aaa A d o 4
nagas tazdavungalfnselunga (eTuay s9nd, 2551)
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M99 2.2 woawesn 141 umsnaa@euny Thin Film Composite Membrane (Kah Peng Lee et

al., 2010)

Chemical type & description

Chemical structure

1. Polyfurane - Name: NS-200
Flux: 0.8m’ m~ day’'
Salt Rejection: 99.8%

Test: > 100 bar, 3.5% NaCl solution

2. Polyether-Polyfurane - Name:
PEC-1000

Flux: 0.5m'm" day '

Salt Rejection: 99.9%

Test: > 69 bar, 3.5% NaCl solution

-Excellent organic rejection

3. Sulfonated Polysulfone - Name:
Hi-Flux CP

Flux: 0.06m’ m”~ day '

Salt Rejection: 98%

Test: > 69 bar, 3.5% NaCl solution

-Excellent chlorine resistance

4. Polyamide via polyethylenimine -
Name: NS-100

Flux: 0.7m’m day '

Salt Rejection: 99%

Test: > 100 bar, 3.5% NaCl solution




13

M1519N 2.2 (ﬂ'ff)) ‘waama‘fﬁl%’“lummﬁm%uﬁu Thin Film Composite Membrane (Kah Peng

Lee et al., 2010)

Chemical type & description Chemical structure

Name: PA-300 or RC-100

Flux: 1.0m’ m” day ' bﬁ\ﬂ/ﬁ
[¢]

Salt Rejection: 99.4%

5. Polyamide via polyepiamine - \[O\/\O/]/
NH

Test: > 69 bar, 3.5% NaCl solution

HN\”/NH

o X

6. Polyvinylamine - Name: WFX-
— _ /

X006
Flux: 2.0m3 m" day '
Salt Rejection: 98.7% HN

NH
Test: > 40 bar, Conductivity = m n

5000 pScm’' . .

7. Polypyrrolidine

Flux: 0.8m’ m” day ' /J.\

Salt Rejection: 99.7%

Test: > 40 bar, 0.5% NaCl solution

8. Polypiperazine-amide - Name: A /N 4

NS-300

Flux: 3.3m’ m” day ' @

Salt Rejection: 68% (N on
Test: > 100 bar, 3.5% NaCl solution NJ
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M1519N 2.2 (ﬂ'ff)) waﬁma%ﬁl%’iumiwﬁm%uw'u Thin Film Composite Membrane (Kah Peng

Lee et al., 2010)

Chemical type & description

Chemical structure

9. Cross linked Fully Aromatic
Polyamide - 1 - Name: FT-30
Flux: 1.0m’ m” day '

Salt Rejection: 99%

Test: > 15 bar, 0.2% NaCl solution

10. Cross linked Fully Aromatic
Polyamide - 2 - Name: UTC series
Flux: 0.8m’ m” day '

Salt Rejection: 98.5%

Test: > 15 bar, 0.5% NaCl solution

11. Cross linked Aralkyl Polyamide
-Name: A-15

Flux: 0.26m’ m” day '

Salt Rejection: > 98%

Test: > 55 bar, 3.2% NaCl solution

12. Cross linked Fully Aromatic
Polyamide — 3 - Name: X-20

Flux: Im’ m” day "

Salt Rejection: 99.3%

Test: > 15 bar, 0.2% NaCl solution

Note: The chemical structures listed
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A d a d
2.4 aniia uazmslvilszleviivesazlsindnnaae lua
o'z Y a d'.d' 9 a d' ] d' 3’ 4
Tagi ldudmedwesn1Flumsnanboury onT0911NUDUDINDS 2
a A . . . . &£~ Y o Y aan
YUAND m-phenylenediamine g Trimesoyl chloride Falanuamnsadinulaa ﬂg(]ﬂSEH"UEN
4 09; a J a o ]

WoUBIDS NI 2 Fiiadi l¥wodmos 1ug1ves Aromatic polyamide (W.J. Lau, 2011) Aaudaqlu

N 2.4

cocl

NH,
H H H H
N. N—coO. COr N. N—2co. COr
——0O COOH
NH, cioc cocl

2

gﬂﬁ 2.4 ﬂﬁ 138152179 m-phenylenediamine (1@ trimesoy! chloride (W.J. Lau, 2011)
a a J a S ) A A =<
oz I5u1an wodo lumitlunodmesnil Inseadeiudansuilowinnsaege
[ Y ) Y a 9 A 9 1 I £ dy 1 a
nuveanuse laTasnuiiliinalaseasanaeudanuiuuy Lagiase ¥0eAon15i0a
=] dy 9 A o o P [ ' 9 Y
HaNn UeNINT 1n33a51902 151And I IRUANULA I 1HAZANUNUADANLI OUGIAIY
waa [ Aa a P 1 Y Y o Yy o a
nnauan laawuvesey Isuanneaw luannadeduildinisimea
I3 1 A o g [ Y]
wluainldluraregaamnssuru gaavnssudine msiudensziunszau yganuaw
Y o = A 1 I Y dy a a s A
$ou nuaunu 'l yaiw Bouru iudu uenanilez Tsnanweae luadlinnuaiuise
a P o 4 1 ) o 1
lumsazaelumsazaredunid suildivesenmsir llszgnaldlugaaimnssuais q 8n
a a s A [ 1 1 1
a1e Tagaz I5nan woate lud Nldnuediaunsviarn’ldun poly (p-phenyleneterephthalamide)

A o

1182 poly (m-phenylene isophthalamide) i Tnsaars1a nazantianagili 2.5 nazaisai 2.3
A 4191 (Jos M. Garca, 2009)
dyw = = d‘ [ vAa d' ] 9 1 ]
uenINUdIlnIsAny N U Ul eantAvoubouru luaiuaie 9 15u
MSANYINANTENUABANTAVDUTBLAY INTN1ILANT Curing (Asim K. Ghosh, 2007),
MSANEINTAIVANANIIZYDIAINZA 10RO ANITAVDUYOLHY (Chunlong Kong, 2010), N3
@ a Y A ] Y an [ 4 . . . 1A Yo
aauasAimihueuboudy 4183511303 MeYRUT Hydantoin (Xinyu Wei, 2009) uafl lasw
a 3 A v A 1 a 1 a
anuilon uazfluaulaluilagiufe msldeymamsuussadly msldoymmaiunssas
A 1 o oaj dy A ] o a 4 A
Tlu sgeuru shludumeuiugiivouru Tanihmedmweiniazaelumsazarefmuzay

4 1 v
uazldoyniaasuusasliudFai ldiugiidudeuniu oynaaSuuseiidon]Fluns
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[ 4 1 1 ] < [
dsulequnimasabounu diulvalvuia@nszauu Tuwas (Hosam A. Shawky, 2011;

Kah Peng Lee, 2010)

3 Ui 2.5 TasaaFraves poly (p-phenyleneterephthalamide) (8¢ poly (m-phenylene

isophthalamide) (Jos M. Garca, 2009)
2.5 m3lSulysnamnve sitonsivulaeld Yaqunlu

a 4 J . o YA Yo [ I {
59159 Tvliuun (Richard Feynman) iiudnlasumseensuin idluaunsni
3 3 ~ 4
saasanuriudannudlu 1l 1d vazuun Tduveaun TumaTuTadlunsussenese “There’s
d' o = a = d' =
plenty of room at the bottom” f@o1UunA 1w ladunaosiile el a.a. 1959 Tagnmsuaad
< I~ P o ]
anuwudsanuilu 1d vaz Tomavesilsz Terin ldonmsdanis luszauszaon uazlu
= 4 a Aa A ] a LY 4
1 A.71. 1974 A05191358 TU3 Tog MUY (Norio  Taniguchi) UWINKWIINGIAINGIANTANT
~ I~ A A o 1
TarRentuaunsnnguldniin “Nanotechnology”

[ 1

= [ J = 1 v Y 1
1131 “IHI‘L!” UIMNANNUININANIYINTD !,uJa’n 1 Gluwumumu ‘LHI‘L!

9 [

d A aA A [ 9 A
ma Tu a8 (Nano technology) A9 tna 11 1agNNeIY9InUNTLUIUMTIANT NMITI1HTONT
a Jd v 4 A @ A a o PR < %

AN a9 gUlnsal 1IATeIINIHTOMARSMMNLVIIAEaNIN 9 Tuszau Tumas sz
= A A ¢ A A A gy v A a o

1-100 W1 Tumes) 3DINIBRNUDUNTOMIUszANTInTolomp IFai19rT0o ATz HIag i

v A d ] o ) VoA 9 9 Il Y 1 o

FEAUTANNIN 9 15U MITAezaoN taz Tuwanaludwriandesnis IMeg1agnasauiud
1 Y Y Y] A I va A dgl (B 9 ara J = A A

dawald Inseadnvesidguioginsailnaauianesiu liimeauddnd wdl viodinm

o a r'd
wazausori 1l 1sliinad e Toani 1a

4 . A A 4 & A A 9 1Y =

W1 TuA@A5 (Nanoscience) AB INGIFAATUUYUINHAININGIVOINVUNITANY,

[ a

a =4 = J =2 = A~ 9 an 9 9

a9, 9UNIY, DUUNTY Llﬁziﬂullﬂﬂ\iﬁTiﬂf’JIiJmﬂa A laseadauialuaiu 17, NIN
kY kY B 1 1 o a I Y Aaa z < v

Hasg ﬂ"llﬂﬂﬂ”luﬂuﬂﬂgi%ﬂ'ﬂﬁ 1-100 W1 TUNAS Iﬂﬂ?ﬁﬂ%uﬂiﬂﬂﬁTN DINUANITINLANNIN
9 a Qle =~ 1 A o . Y A J =

100 W1 TUNAS IJAATUAUUYNLIINIT TIN-A aﬁﬂuﬂu (3-D nanomaterial) 9134A 9D HID

X aa A J 1 =~ (Y = & o w
HTUINA Nanna1 100 1!111!!;11(515 QNLIININITR d703-A (2-D) agviui-a (1-D) AWAANY
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A @ 1 @ ] . B < v
Auauiaveigqu Tuuanaaniaguuialvg (bulk materials) ludnvzidlugaueauiia n1g
ara J = = Y v 1A I o o 3 9 = 4 A I
Wand inlinaz 3w dHruudwalgaduiamnizal aaiuaiyada nlumaes szdoilu

% 4 [ [ P I~ Y] a 1
msaanTednuiaqiiilnseadwluszauu Tumas Tasnaansnlanae 1aiagwialv
1 Y
vioinuautianuana1e azitauls Teepaauiidmaniugneuieaie nguin1nIouAN
(quantum theory) (Ratner Mark, 2003)
Ay A A 9 [ 1 A a 9/&' ] 09.: I ~
madvenIdeInums ldeymavinam Tumeasuus ldgeury unilun
a 42’ A A ] [ vAa A A [ Sldal 42}
HounIuTes 9 1o neymavau Iuselivilyauinginavoubouny liagau

=

{3 { A 1 8
TagoyninMiundonlun1s@nu1'lAun titanium oxide (TiO,) (Lee et al, 2008) &4l
1 dy a =4 . 1 9 A ] =\ ~ =}
ANNETa lumsauye uazaatea1slsenoudunie zeolite 38 liBouny IA1uEey U
a = I 09.1’ dgl ] Y A ] =1
Usegauuuid taziinuiugINInUY (Mahdi Fathizadeh et al., 2011) silica 58 1v1g01[1 1]
Y
anuenusalumsnudennuion vazlszansmmnlunsnseanindu (L. Jadav, 2008)
= a d‘ Yo a =\ ] 4
pazeymau ludnyian 1d5uauilon Ao MourTuAI5UOU (Carbon nanotubes) (Byeong
Heon Jeong, 2007; Kah Peng Lee, 2010; Hosam A. Shawky, 2011)
1 4 A Y] A I~ 1 9 [
MU TUAIS VDU (Carbon nanotubes) AD TergiiNgiUnsuilunovinadurIl
-4 [ Y] 1 == -3 = . A 3 .
guananluszauu Tumas wilane19lNeanATUIAY) (Single-walled) ¥30¥AWFU (Multi-
= d? 4 =\ = 4 z A~
walled) B35 NOVUUIINDLADVUYDITIAMTUDUNBIT ALY AUNVATIINIOT 1991 Tag
v A J A A . o 1A wa A ) Iq 9
NI aas 1Y uFe Sumio Ljima VagriunvnTawianawisomilUdszynalds
o [ o A < [ o Aa o A g A o w
UsgTominared wu sudulediuanuuiwnicluiaanouInda, oan Insamusiag
! o I ' s
W, ergmsldaulunuames vazgdaunuiszy udu neuTuaisuoulilnsadie uaz
D2 =& dg/ v aaa 9 @ 4
ANUANAINHAFIVUAVITN 1F IUMTTUATIEH
o 1 o 9 [ A 1 A
Mo Tumsveui lsumsSulequninueaboury 1119951910
A LY 1 4 d‘ Y :l ] 9 4' 1
antammgarvesneu Tumsveounawisald luanaveuiwiiulé vaziiiosninnou Tu
J = <3 o Y @ A g’ dy 1
msvoulvnadnin lvianuamisalumsdaauen Tuanaindossnainii yenaininou
L4 @ A [ 9 o 9 vAa A A 1 dd?’ 9
Tuasveuauisanszaeadlu@oury 1dm IiaulinmanaveudsunuATUAI8 (Hosam A.

Shawky, 2011; Kah Peng Lee, 2010)
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9199 2.3 auAved poly(p-phenyleneterephthalamide) 18¢ poly(m-phenylene isophthal-

amide) (Jos M. Garca, 2009)

Property

Density (g/cm3)

Water uptake (%). at 65% RH

Thermal properties
Tg (°C)
Tm (°C)

Td (°C inN,)
Tensile propelrtiesb
Strength (GPa)
Modulus (GPa)
Elongation (%)

Crystallinity

Flammablility (L.O.1.)

Polymer

PMPI PPPT
1.38 1.44
5.2 3.9
275 -
365 d° >500 d’
400-430 520-540
0.59-0.86 2.9-3.0
7.9-12.1 70-112
20-45 2.4-3.6
Highly crystalline (68-95%) Highly crystalline
29 29




3.1 Jaquazansni

3.1.1 1,10-Phenanthroline hydrate (C,,H;N,.H,0)
3.1.2 Acetic acid (CH,COOH)

3.1.3 Ammonium acetate (NH,C,H,0,)

3.1.4 Benzoyl peroxide (BPO)

3.1.5 Calcium chloride (CaCl,)

3.1.6 Carbon nanotubes (CBNTs)

3.1.7 Deionized water (DI)

3.1.8 Ferrous sulfate heptahydrate (FeSO,.7H,0)
3.1.9 Hydrochloric acid (Conc. HCI)

3.1.10 Hydroxylamine hydrochloride (NH,OH.HCI)
3.1.11 Isophthaloyl chloride (IPC)

3.1.12 Lithium chloride (LiCl)

3.1.13 M-phenylenediamine (MPD)

3.1.14 N,N-dimethylacetamide

3.1.15 Sodium carbonate (Na,CO,)

3.1.16 Sulfuric acid (Conc. H,SO,)

3.1.17 Tetrahydrofuran (THF)
A A ¢

3.2 !ﬂﬁi’)ﬂﬂi’)l!ﬁ%@ﬂﬂim
3.2.1 Analytical balance

3.2.2 Differential scanning calorimetry

3.2.3 Fourier transform infrared spectrometer

19
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3.2.4 Instron machine

3.2.5 Scanning electron microscope
3.2.6 Sonicator

3.2.7 UV-VIS Spectrophotometer

3.2.8 Thermo gravimetric analysis
ad a v
3.3 350137398

A o 4 a 4 A 9 a
3.3.1 mymannzimuzanlumsdunsizvwene lua (luasu 6,6) el lunswan
4
RN,
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(0.08 Twa) maufutihsirminlessu 120 cm’ ldasluvangdsuyyuia 500 cm’ AwEHlu
M3NIMBGNATLAY 660 rpm TaslHAT09nILETVDY IKA 31 C-MAG HS 7 1Furnat 10 i
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U
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HazANUISINTNIY 4 52a0 1AUA 100, 380, 660 11AT 940 rpm

o AN Yq Y A a s v a s
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= a [ o A 9 a A VoA
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am 1A @
a) ITNITINA[DAUFULAYIND 3.3.1 1) a)

b) ITMITNAABUFUALINY 3.3.1 1) b)

a

as 1 = @ Qaj dyo = 9
c) IDNINADUFUAYINUY 3.3.1 1) ¢) Elu‘lluﬁﬂuuﬂWﬂTiﬂﬂHWIﬂﬂi%Qﬂ!WﬂN

U

a 1

1 < o
2 A7 10 °C uaz 40 °C uaz 1¥n1u5INMINIU 940 rpm uaziimsinu Taeldgungi 4 A

U
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d) ATMINALUFUIALIND 3.3.1 1) d)

ad 1 =S [
e) ITMINAADUYULAYIND 3.3.1 1) e)

a 4 a
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, , ' - . < o '
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[ [l 9 Y o A ~
uru v TaglsnszanunIdansa@MasuuIa 10x6 cm WU 0.2 cm HAZAIUANANINHUL IAY
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3.3.4 MsAATIZHIONanYalBoLHY
a I’ o 7 A !
1) MIAATIEHENanYaliboIHY 1AY FT-IR
a 2 & o 2 ST~ BT S 1
a) w3suFuOUEeuHY Tashdunudeuduiuyluinlsnanleseueuly

a

{ I a
qou Tagldnnudounigumngil 105 °C 1flunal 10 Wik auudeain
a 4 [ o A [} 4 1
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Perkin Elmer Spectrum 2000 1%A31385£41319 600 84 4000 cm” ¥MIaunu 4 soutaziuin
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a s o o A '
2) MsIATEienanyallounylag SEM
A A 1A 1 =) ya o
osnnweuruTvIaANUHUILIza 0.1 mm uaz og luanzilendive
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o Qy Y o w o Y Y
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a L4 o o A 1
3) AInszvenanyalbeunuIag DSC
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J @ 0 3 <
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PUNHN 25.00 °C 93 55.00 °C 9031 20.00 C/min uaww%munm 2 UM HAIAAYUNYU
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. . o A Y = ~ Y J
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= o A o P . v < o
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(¢) LiCl 7 380 rpm (d) CaCl, 7 380 rpm (e) LiCl 71 660 rpm (f) CaCl, 91 660 rpm (g) LiCl 9
940 rpm 1182 (h) CaCl, 71 940 rpm
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Wahlg{sllEN‘]JQﬂiEﬂﬁﬂHWIﬂGINﬂHLﬁmeﬂflIE]EJ (3.06%) UADNHUSUDINDALNUDINTIUATIZH LA
1 Y] & o F) A oA a o A v | aA g‘
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9

Y
a =

gl IAFausadiu TasiinsAnyiguvgi 4 A1 Ao 10 °C, 20 °C, 30 °C uaz 40 °C lana
. 4 d
A9M1319N 4.3 uazgili 4.3
d' Y I ) o A ] A o P <
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(g) (h)
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