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Research Title: The effect of annealing temperature and time on PU/MWCNT nanocomposites
Researcher: Kittimon Jirakittidul, PhD

Faculty: Science Department: Chemistry

ABSTRACT

The annealing is the heat treatment process for improvement composite properties. Polymer
chains are able to rearrange ordered structure during heat at temperature between glass transition
temperature and melting temperature. The morphology change affects the properties of nanocomposites
particularly the formation of multi-walled carbon nanotube (MWCNT) conductive network. In this
research, annealing polyurethane (PU)/ MWCNT nanocomposites were focused. Thermoplastic PU was
block copolymer consisting of hard and soft segments. PU matrices used in this research were composed
of two different soft segments; i.e. polyether (PU-ether) and polyester (PU-ester). Nanocomposites were
prepared by melt mixing process and annealed at 80 — 120°C for 6 — 24 hours. Morphology, thermal
properties, mechanical properties and electrical conductivity were determined. Nanocomposites showed
higher electrical conductivity after annealing implied that the movement of PU chains during heat
treatment encouraged the development of MWCNT network. The increases in annealing time and
temperature resulted in more microphase separation in PU and increasing ordered structure in hard
segment. However, the elevation of ordered structure could obstruct the MWCNT network resulting in
lower electrical conductivity. Therefore, it was observed the highest conductivity at 100°C for 6 hours in
annealed PU-ester nanocomposite. For PU-ether nanocomposite, the highest conductivity established at
annealing with 80°C for 12 hours. Considering at selective dispersion of MWCNT on different soft
segment PU matrices affected mechanical properties, it was found that MWCNT dispersed in soft segment
of PU-ether leading to significant decrease in elongation at break after annealing. On the other hand, it was
observed comparable elongation between no annealed and annealed PU-ester nanocomposites due to

MWCNT dispersion in hard segment.

Keywords: nanocomposite; MWCNT; polyurethane; annealing; electrical conductivity
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1. PU-ester : Desmopan 3695AU DPS101 Y0413 8N Bayer HA1AINUATIAQ 11117 550
kg/cm’, mﬂﬁﬁﬁ 100% NN 120 kg/cm’ HAZANNHUIWUY 10U 1.20 g/om’

2. PU-ether : Utechllan UE-95AU Y0413 ¥N Bayer HA1ANUTUTIAG 191171 450 kg/em’,
mﬂﬁﬁ‘ﬁ 100% 1NNV 130 kg/em’ LAZANUHUWUY 19110V 1.14 + 0.02 g/em’

3. MWCNT ¥0413HN Sigma-Aldrich

4. wedAwesaeulMadmiud unIeanaNsTUUTA : LIOCLEAN-Z Lot No. Z610050 404
UTHN Toyo Ink (Thailand)

5. aowengwiiati Wi : EPO-TEX EE129-4 ¥84138% Epoxy Technology

6. PELCO Conductive Silver Paint Y94U5HN Ted Pella

7. ae W idurugudna1s 0.16 mm Y99U3EN Thai Wonderful Wire Cable

8. Ta@@mméu (Desiccator)

9.  urwmvlaou 1NUTHN Fantastic Triumph

10. 1ATeenaNszUVTA (Internal mixer) 34 PL 2100 ¥94135N Brabender Plasti-Corder

11. Lﬂ%ﬂﬂﬂﬂf‘fﬂ (Compression machine) Y9IUTHN Mach Group (1992)

12. Universal testing machine YOIUTHN Cometech

13.  Differential Scanning Calorimeter (DSC) iéu 204 F1 Phoenix ¥94U5H% Netzsch

14.  Field Emission Scanning Electron Microscope (FESEM) glu JSM-7610F 4991589 JEOL

15.  LCR Meter 31 E4980A U941/36N Agilent
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Temperature
NN 4.2 N3 DSC U949 PU-ethet/ MWCNTU IUADUNWO AR
A15199 4.1 HANITUATIEH DSC U9 PU-ester/ MWCNT 11 Tuaounode
TMMT
an3 Tg(SS) Tg(MP) Tg(HS) Tyvivmt AH(MMT)
TMMTZ
A B
ester -29.9 68.5 - - 165.4 190.9 14.88
ester 80-6 -28.1 61.9 98.9 - 166.1 191.2 10.72
ester 80-12 -30.0 60.1 102.4 - 163.8 190.4 10.29
ester 80-24 -28.0 61.4 102.3 - 167.4 191.6 9.89
ester 100-6 -31.1 62.9 - 124.6 160.7 191.5 19.64
ester 100-12 -30.5 62.3 - 126.8 164.7 189.3 20.26
ester 100-24 -29.8 61.9 - 127.5 166.2 190.4 21.54
ester 120-6 -32.5 64.5 - 145.0 165.7 188.8 17.35
ester 120-12 -33.4 62.6 - 145.3 166.9 190.6 16.71
ester 120-24 -31.9 63.9 - 148.5 167.2 191.9 17.07
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A1519 4.2 Wﬁﬂﬁ%&ﬂﬁgﬁ' DSC U094 PU-ethet/ MWCNT U1 TUAOUNOTA

Tywr
gn3 Ty Tyms) Taivr AH )
A | B c |
ether 73.9 - - - - 196.3 14.91
ether 80-6 67.4 100.0 - 1669 | 177.2 198.9 15.25
ether 80-12 65.2 98.0 - 161.4 174.8 196.0 15.87
ether 80-24 64.7 100.0 - 166.4 177.8 198.5 11.83
ether 100-6 68.2 118.6 - 165.9 177.2 198.0 12.04
ether 100-12 67.7 119.2 - 162.7 - 196.9 11.11
ether 100-24 66.4 121.7 - 165.0 176.7 197.7 10.90
ether 120-6 67.5 - 145.1 161.4 - 196.3 19.92
ether 120-12 68.3 - 1484 | 168.2 - 199.2 18.79
ether 120-24 61.7 - 151.5 | 169.2 179.6 | 200.6 19.28
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4.4 MIADHIANTATINAAIE UTM

P
awv Aq 9

Tua1u3981 141709 Universal testing machine 1iNoAN¥ 1@ NLAFINAYDI PUMWCNT w1 1unow

Wode NMIANIANIAITINAUOI MWCNT/PU-ester U1 Tunounads 1HHamInaaon adn15199 4.3

M519N 4.3 M modulus, tensile strength L8$ elongation U3 PU-ester wlunounodn

aa9 Modulus (MPa) Tensile strength (MPa) Elongation (%)
ester 30.6 1.1 104 +3.1 429 +132
ester 80-6 27.1£8.1 11.4+1.9 471 + 107
ester 80-12 24.0+2.2 10.0+0.6 574 +£22
ester 80-24 19.1 £4.38 10.5+43 638 £317
ester 100-6 309+6.9 124+3.5 382 +£182
ester 100-12 249 +7.9 10.8 2.1 471 £ 161
ester 100-24 23.1+6.0 11.6 3.6 372 +£239
ester 120-6 24.0+5.1 13.1+£2.9 574 + 190
ester 120-12 249 +1.7 93+1.2 471 +£103
ester 120-24 24.7+3.1 11.0+3.1 431 £262

INAT NN 4.3 LAAINANINATOU modulus Y99 PU-ester/MWCNT 11 TUADNNOTA NUIie

a

H Y
NIN150UD0U modulus thW‘UVIﬁ'VINﬂﬁL‘]JafJuLL‘]Ja\1?JEJNG]fﬂ!ﬁ]‘1!‘1/]\1Qﬂ‘!ﬁﬂmmgl’mﬂi‘mﬁﬂﬂﬂﬂu e

U

tensile strength 112 elongation at break Y84 PU-ester W1 luaounaaaiinisuud Tdulasuuasi

] =2 o = [ v o v [ ~
Wigule ﬁNu'lhlﬂﬁﬂklTf"l'ﬂilﬁllwu‘ﬁﬂ‘]_lﬁﬂ”l'lgﬂ']ﬁ@‘ﬂﬂﬂu aaaaalunIng 4.9 1az 4.10

17 1
= == Ester == 80

15 1 : —&— 100 120

Tensile strength (MPa)
-
|
T
|
|
/
|
|
|
|
|
I
i

4 8 12 16 20 24
Time (hr)

MNAN 4.9 A1 Tensile strength AUTN1IZNTOUDOUUDY PU-ester 11 TUADNNOTA
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INATNN 4.9 LTAINANITNATDU tensile strength Y09 PU-ester/ MWCNT U1 TUADNNO T
WU PU-ester/MWCNT 11 TuABUNOAANHIUNITOUBDUIIA tensile strength ¥1AAIT 1HIMNITOU
1 4 Y] 1 < ] a <3 o
89ULH839910 MWCNT 32nszaeddluTnssadiad 1muiaveq PU-ester 19928ta3 uanuudaus e 1viny

] Y ]
uTuneuneda M ldier1uNIToUB0 TN tensile strength 91 Ngrniousou 80°C, 100°C 1Ay
0. A o A . 1A o = o

120°C 1921 6 ¥ 193AN tensile strength NINNNNIAT 12 1A 24 T 19 Tasfian 12 uaz 24 32 Tu9

31A1 tensile strength 1n31R847D PU-este MWCNT w1 Tunounedaf luruniseuseuui Tuneumne

a [l < Y v
Faed1aiu lada
1000 -

= = Ester =380 "
< 500 1 —8— 100 120
Xx :
(3] '
2 L 47
8 600 - é :
= : — T :
c ?/ = :
S 400 1~ -M:M

© . H
o H - H
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o] H
o 200 T : :
;
0 T T T ]
4 9 14 19 24

Time (hr)

WA 4.10 A1 Elongation at break NUEA1IZNTOUOOUVDI PU-ester U1 TUADUNOTA

MINATDY elongation at break Y94 PU-este/MWCNT U1 Tuaounwodauaad lun1ni 4.10 910
a J 1 1 ] a d' 1 1 = |
Han15 A1z NI Taed1ulnjudn PU-esteMWCNT U1 TUADUWOAANHIUNITOUBOUTIAT

elongation 1naAsanuuI TuAeuNeTAN MIHIUNITOUBOU BALIU ester 80-12, ester 80-12 LAY ester

]
ASA 0 1

a {1 1 < 4 @
120-6 VIiJﬂ1Q'\1ﬂ'J'lu'lIuﬂf]iJW@ﬁﬁﬁN'luﬂTi’E]Uf]f]uLaﬂﬁ}@ﬂ Lﬁ'é)\‘]ﬂWﬂ MWCNT ﬂ‘i%i]'lfl@]’)cluiﬂiﬂﬁ%ﬁﬂ

=

1 < nm Y 1 1 .
auude99 hildadamason elongation Taonss

W MIAn AN iABINaved PU-ethe MWCNT U1 Tunounode 1¥nan1snaaauaan1ang
1 4.4 ¥IANNTUINANIINATOUAT modulus Y09 PU-ethe/MWCNT U1 TUADUWOTA DE WU UNOIN

1 [ A dy 1 aa d' ] @ g’; ) a
M359UBOUA1 modulus MAULA TuTiNememsasunasedsdanunsditeduguugiinazial

Tun50UDU 1A tensile strength 1AL elongation at break UM1Si/asuuilas Asn1WN 4.11 uaz 4.12
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A15197 4.4 A1 modulus, tensile strength L10& elongation U PU-ether W lupeunoae

ans Modulus (MPa) Tensile strength (MPa) Elongation (%)

ether 27+6.6 11.5+4.7 425 £ 261
ether 80-6 27.7+1.3 7.1+£09 109 + 37
ether 80-12 292+238 8.0+1.2 133 +£50
ether 80-24 289 +1.1 92+2.38 320+ 193
ether 100-6 29.1+£22 7.8+1.0 135+41
ether 100-12 31.8+4.7 6.8+0.3 70£16

ether 100-24 294+£1.0 9.1+1.2 232 + 89
ether 120-6 292+24 89+0.8 179+ 16
ether 120-12 31.8+2.1 8.0+1.3 137 £47
ether 120-24 28.2+3.0 8.1+2.1 168 =110

INANT 4.11 HFAAIHANITNATDY tensile strength YD1 PU-cther/ MWCNT 11 TunouWOAA
WU PU-cthe/ MWCNT 1 Tunounwedaiisuniseudouiin tensile strength osniii lusunisen
80U 11199910 MWCNT n3z910ludalulnsead1edauiinues PU-cther iioA1un150 80 UIHA
microphase separation 111 iAansuendususzrIeInssaduaruiunas Tnseadradund Sai

Tmsaarunsald luaeiios dawalil tensile strength anaa

17 1
= == Ether = 80

= 7 —— 100 120
S
N 13 .
L
-
= T e -
n i
Q X H
g °) I,
c ] A H
C !

7 -

5

4 9 14 19 24
Time (hr)

WA 4.11 A1 Tensile strength NUTA1IZNTOUOOUVDI PU-ether 11 IUADNNDAA
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1000 -

= = Ether =80

800 A
—&— 100 120

600 -

400 A

Elongation at break (%)

Time (hr)
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Lﬁ@WﬁﬂﬁmTﬂiﬂ/\lllﬁﬂ\‘]ﬂ'ﬂﬂﬁﬂwu‘ﬁigﬁ'ﬂ\‘l N1INATDURA elongation at break YB3 PU-

ether/MWCNT U1 TUABNWOAAIINAINN 4.12 WU PU-ether/MWCNT U1 TUABNNOAANNIUNITOU

] a Y

99U elongation oan 9 Tk 1HNTOUBOU 1189910 MWCNT Imsnseatedilulaseadiaau

A o Y Y A A 1 a 4 9 [l A [l
HUNUDI PU-ether 1115 MWCNT lilvauamsnasunvesais Taweames luIasesadadutivaana

a

Y . v A 9 1 A é’ o ~ o o A
Ghﬁﬂ'] elongation aAAY ll@]li]@{lﬁlﬂjﬁ']ﬂluﬂ'ﬁﬂﬂ’ﬂ@ulvlﬂsuu (24 615’3111\1) NYUNHN 80 C 1ag 100 C aziNA
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Y
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5.1 agiwamsIde

MsANBINANIZNDVegUHgNuaza1 lumseusou PUMWCNT w1 Tunouweda Wi PU-
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MARUIN N

Folasams : wanszvuvasgungiiuazianiseusausamivauulufivtuuusilmansyu Tunedgimuuluneuwedin

R aa ¢ oa_ o a o
Faviwmthlasenis: as. AnAuud TNARNAY

1 q@AK 2560.... feTufl ....30 ey 2561...

Vo 83 auitensda M3 - Y EACkiY 518979 T
$u Ny aunde  [nenidbsulsuypanns aun Wunu aamy | 510918
et | mwovons | grlyen m¥an | | e
auUizmmﬂﬂmui”umiaqﬂﬁ (maunn) 50,000.00 -
uRuiladu (vnfl 1 = 85%) 42,500.00
uuduiilady (il 2 = 15%) 7,500.00
vin eldsn (afed 1) 2,621.50 - - - 2,621.50 - - 2,621.50
dildse (aleil 2) 39.920.00 - - | 39.920.00 - - - | 39.920.00
il (dil 3) 7,538.40 - - 4,200.00 | 3,338.40 - - 7,538.40
suUssanaunavie 50,000.00 50,079.90 |- 79.90 0.00
wazBeadldine
afedt 1
6 5.0. 60 |PTFE SKIVED Sheeet 1*1200*2000 mm | HS1712002 2621.50 2,621.50
i’mﬂizdﬁ 1 - - - - - - 2,621.50 - - 2,621.50
adait 2
awp 61 |mAansmiades DSC 1259002132 24,280.00 24,280.00
7nA. 61 |miesisiiades FESEM-EDS 1259002144 15,640.00 15,640.00
s2undeit 2 - - - - - - | 39,920.00 - - - [39,920.00
it 3
9 wy. 61 |PTFE SKIVED Sheet 1*1200*2000 mm HS1811143 3,338.40 3,338.40
12 we. 61 fﬁaummﬁvugﬂuﬂuﬂauwaﬁm it 4,200.00 4,200.00
s':uﬂszaf/'i 3 = = = = - - 4,200.00 [ 3,338.40 - - 7,538.40

adermunlasing




27

a o v

152 3A1nId8

a

4' a a d a a 4
¥0 - UINANA (mu11ne) a3, AnAuua 15NAAANY
¥ - WINANA (NMB19INYY) Kittimon Jirakittidul, PhD
o 1 9 4
auniatlagiu - 919139
[] a = a 4 Y] =S Yy 9 7
MUY MAIBUAL ANLINNFAT d01171mA T TaaNIZ0UNAUNAUNHITAIANTLI
[ 14 1
INIAWN 02-3298000 Ad 6235 Insans 02-3298428
Email Kittimon.ji@kmitl.ac.th
Useiamsany
1. nermaasiuiia (Rosdation) auginermans a1vweamosuazdine yuiadnsal
a v A
NHINAD UN.A. 2547
a Y] a a 14 a d a [ = a = o
2. Imomaasumiain a1vInemaasneames Mmeasll lasaeunazd Tasial gwiadnsol
a v A
NHINA8 UN.A. 2549
3. Doctor of Philosophy & 19U 1 Polymer Science and Engineering 3 19 University of Manchester

.71 2556





