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## 4572607423 : MAJOR APPLIED POLYMER SCIENCE AND TEXTILE TECHNOLOGY

KEYWORD: dyeable polypropylene/ nanocomposite/ organoclay/ acid dyes/ basic dyes
WALAIKORN NITAYAPHAT : PREPARATION OF DYEABLE

ORGANOCLAY/POLYPROPYLENE NANOCOMPOSITE FILM. THESIS ADVISOR : Assoc.

Prof. KAWEE SRIKULKIT (Ph.D), 84 pp. ISBN 974-17-6003-5.

This research aimed to prepare the dyeable polypropylene based on the fundamental of
nonotechnology. Firstly, montmorillonite, the layered aluminosilicate clay; was modified with the
quaternary ammonium compound to render its organophilic property. The obtained organoclay
was coated onto the surface of polypropylene before mixing in the twin screw extruder to achieve
the organoclay/polypropylene nanocomposite. The nanocomposite film was then prepared using
compression moulding machine for further investigations including dyeability, structural analysis,
mechanical and thermal properties.

The results of dyeing properties showed that the nanocomposite film was dyeable with
both acid dyes (anionic dyes) and basic dyes (cationic dyes) due to the presence of dye sites,
quaternary ammonium cation and anionic charge of montmorillonite particle, respectively. The
color strength was found to be dependent on the amounts of quaternary ammonium compound as
well as montmorillonite applied. The fastness properties such as wash fastness and light fastness
were in similar fashion as found in the traditional fibers. Other properties such as mechanical and
heat stability were also reported. These finding led to the conclusion that polypropylene could

exhibit the marked dyeability through the preparation of nanocomposite form.

Department Materials Science Student’s signature.........0....oiiiiianan
Field of study Applied Polymer Science and Textile Technology Advisor’s signature ............................
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2.5.1 @fiow (Dyes) [16]
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fuogalungu level dyeing 130 equalising dyes anguildondie uazdonldmad
o' 1 1 [ o' (% o'/ = 1 dy A A
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aiaue e dmsudoudulovudas
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msdouduegasuiudesdonluniziieniunsaauouazdlungy level-dyeing 92
dosdonlunneiiierdlugie 2.5-3.5 wazifunde lsReudamlatildvieildmsnszae
I 1 ° .
yosdmeluduleduledwminane nalnmsgasudvos level-dyeing eunsouaasla

26191069 loznI VY1981

+H +H
;H 'oocé 3 g\JH : ‘oocg = gNH y HOOCé
2 -H 3 -H 3

517 2.13 nalnmsgadudve level-dyeing [17]

Y 1 X
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Hydrogen bond
Van der waals forces

51N 2.4 Wuszszvsduesanudule [17]
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2.5.2.2 Acid Milling Dyes

= ' dy = A L= " o a < I Y o
ﬁcluﬂqumwimaqamﬁlwﬂujmm acid leveling N13AAAAILIIALTIND douldniey

=} =

v 4
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[l E4
Coomassie P (ICI), Sandolan P(Sandoz) 1Hi9991nd lunguiluwsnszatedinieludulednii

1 1 1 4 1 P
Tunguusnisligranawesnsdouuiunii e Iimsunsnszevesdauysaiiga
2.5.2.3 Neutral Dyeing Acid Dyes

A o ~ 1 i IS 1% o I ¥ '
¥30UNA3UTNT1 super milling dyes 1Hudluanalugdeazild ldanuninuso
v aa = 1 dy 9 Y A Ao v 9y = e :’
msdnaloy dlunguiiansadon ldanies 7 nsedninanteo & super milling azaivii
Y Y = a 1 9 A A 1 [ = 1
ladosmnuaiinnuaunsolumamzaaeguiduleadon AnuaImuasMIFnANIIAD
a Yy a2 IA 9 1 ' o 9 9 9 @ [V~ a
yHALTN VoiFennodona1adts nsizasiunaidonvzdoldanusziasziuiunay
a 9 9 Y A d? 1 9y o & 9 a o 1 .
gangilumsdenazdeslimuayesnd sazdutludouduasnua (leveling agent) a9
) alnatienls nenTwilendamla (NH,),S0, wiotouTuilouozHian CH,COONH,), (o
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1 =3 { ] 1 Y o
AN (higher substantivity) nAees gaduanli uazez lumufinyjmaril e ldudilym
Y ' v fa w 2L g 0 ¥ A ad A 2
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Y
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(NH,),SO0, —p NH, (szmeoon ) + H,SO, (sulphuric acid)
o a A o ) Y g’ 9 o Y = Y Y tg
ﬂﬁﬂ“]fﬁ’l{\luiﬂ‘VILWIﬂ@]'J’(’)i’]ﬂll"ﬁ]%cﬂ11141/‘1!8%%@\11”8@%?3@?1\1 ‘Vn(lﬂﬁﬂﬂ"])’ﬂJHﬂhl‘]JGlULﬁuiﬂiﬂﬂﬂlu

na lnmsihauves (NH,),S0, 14Tunsaidoud super milling dye
2.5.3 MUAN (Basic dyes) [17]

= a 1 = A = = | =
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Y
o A A

a =X 1a o 9 Y A A 9/ 14 Y '
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a1 uasingmasainduassnudioihdiudn ldeuvuduloezasan nanness Iianuna
1 = = =T R = v o v Y 9 aa 1 3 dycu IYY
nusoudwanan duanduiudnandmsudeuduloozasanmniu wenvniidelddon
a s 1 c 1 a o 4 J
wodeames vy S0, aglulumnavesneamss laalrensldaruduldunnislelu

9
a d o % =2

= 9 9
UUDWUW U1¥1UANT 'mm”ln Wuau

gniod Inseadwvesdiudnildegluilgiu

N
Nt
/
N(CH CH), 9 a N(CH CH,),
C.I. Basic Blue 3 K=3.5
Ccr
(CH),N C N'(CH),

C.I. Basic Green 4 K=3.5

517 2.15 AednIaseadumaniivesdiudn [17]
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- Acrylic >

Weak attractions ——————————> \ Tonic bond

CH CH_N (CH )
N=—N

517 2.16 MsBamzvesdudniudule [17]

(v Y

2.6 NWIVNNLIVINUMSHRNWD AW DN AN

A & a Aax A v a9 Y @ 4 Y o
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) Y 9 dy A 42‘ [ 12 1 va a 9 o 9
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a a d o a a) 7 o 1 Jd o . . -4
wod loaudnuned loaludngni 1divgiladdu (functionalized polyolefin) &N
9 Aan L4 = . a o Y Aa Aaaa 4
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a a a 4 1 a a 4
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3.1 JngAunazanstnil
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% 2

a A Aq W = A A
mqﬂmmxmimum”lﬂflumimaam JU A9

I a a a 4 [ 4
1. iawad@AnWaANToNaY ¥oN19n1571 Moplen HP500N la5un1meuns1gnan
A v < < = a ¢ o w ~ vAa o dy
UTHN 0% 191 & Tlawed 3199 Iagliauiiaaadl
- 90313 lvia 12 nSW/10 109
- ANMUHUIAY 0.90 NTW/HY.
- ANMUNULSIAL B 99NN 33 (inzihaaa
- AT lUMIINAL 9 9AATIN 10 %
[ Y [
- wpAaaNs 17990 1450 unz1hana
- ANUNULTINTEUND 1 23°C 20 Ya/UAT
< < o
- ANNLADVTENIAA, Alna R

- quugiimsse Tasanuson 1 455 flathada 93 °c

! P LS % . X A Y Yo
2. UsuBUANDIA la U (Montmorillonite) ¥®NINNITA1 Mac-gel INTA WN-02 1a5u

4 a v a a o a o A o @ 1 ~
anuoynsIzHINUTE Ing tillou wiina dudani $1a Taediulszneumaniiuag

[

audaNaNMeNINIag

e D

- %an1(Si0,) 398a 55-60

- 02gilu1 (ALO,) S00Az 14-18

- Tandon (Na,0,) S00nz 2.4-3.2

- uuniienenlod (MgO) Sovas 2.0-2.6

- uAFeN (Ca0) 5000z 2.0-2.5

- A0 (Fe,0,) Yovaz 1-3

- TnunaiFou (K,0) 308020.4-0.6

- Innuiienlasenlud (Tio,) fovaz 0.2-0.3

Y v
- hminigymenasnInmsw (LOI) Soeag 10-12
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o Y XY dy 9y A o = = £
3. @13y (Softener) TuaIdeiiaz lgnasniemesuisuon Tuiley Faaag

9 = [} ] [ A
g3 Insaai 19manliodaeaagla 3.1

CH
/3

+

R—™N CH

CH
3

Y

a 9 = = J ~
iﬂ‘ﬂ 3.1 Eﬁl‘iiﬂ‘i\iﬁ‘ﬂ\iﬂﬁlﬂh‘lﬁ)\‘llﬂﬁ’E)ﬂ’Jme’é)iuTi!LmJImu&liJ

4. @fou (Dyestuffs) doouin1411a11398i 2 ¥iia vaas 13 1umsen 3.1

]
=1

9199 3.1 adoun 1 unuide

Fiiavead Fomanis C.I. Number Awan
Fuoga Erionyl Red A-3B C.1 Acid Red 131 Ciba-Geigy
Moderacid Blue Black 10B C.I. Acid Black 1 Modern Dyestuffs &
Pigments Co., Ltd.
Tudn Maxilon Go’Yellow GL C.I. Basic Yellow 28 Ciba-Geigy
= C.I. Basic Red 46 Modern Dyestuffs &

- C.I. Basic Blue 41

Pigments Co., Ltd.
Modern Dyestuffs &

Pigments Co., Ltd.
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a’d‘ 9 =1 Y] [ a 4 A v 1 dy
gunsainlFlumswIeudiodaminaans Ans1ed wagnadoy laae il

4 4 4 { av
ms19h 3.2 gnsalnaznTesion 1 luauive

—
gilnsalinToeilo

Nan

e

4‘ v A = ! . .
INTVIDATALNAYINY (Co-rotating twin screw

extruder)

TSE Systems

Thermo Prism

In5990A (Compression moulding)

4 Hydraulic Column

Lﬂ%imgljﬂll (Dyeing machine) Ahiba Polymat -
Lﬂ?ﬂd%ﬂﬁ (Spectrophotometer) Color-Eye 7000 MACBETH
19399TANIIUANUVBIAADNITHN Ahiba Polymat -
Lﬂtﬁﬂ"ﬂﬂ%ﬂﬂ?WNﬂﬂﬂuﬂJaﬂﬁﬁm!ﬁﬂ XenoTest Belta LM -

ﬁ’ﬁjﬂa (Color Assessment Cabinet) CAC 60 VeriVide
m?aﬁﬂmmwmmﬁ 3 (Universal testing LLOYDLR 5K LLOYD Instruments
machine)

X-Ray diffraction (XRD) PW 3710 Phillips
Differential Scanning Calorimetry (DSC) DSC7 Perkin-Elmer
Thermogravimetric analysis (TGA) TGA7 Perkin-Elmer
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Angle d-value d-value | Peak width | Peak int Back. Int | Rel.int | Signif.
[1/2 20] Al T[] A2 [] [1/2 20] [counts] [counts] [%]

5.975 14.7799 14.8163 0.560 130 69 22.8 2.30
7.100 12.4403 12.4709 0.400 146 53 25.6 1.56
14.345 6.1695 6.1846 0.800 9 20 1.6 1.26
19.790 4.4826 4.4936 0.080 185 25 324 0.77
20.805 4.2661 4.2766 0.320 110 32 19.3 1.37
21.995 4.0379 4.0479 0.140 571 41 100.0 2.56
22.105 4.0181 4.0280 0.080 376 41 65.9 0.78
26.700 3.3361 3.3443 0.120 128 40 22.4 1.66
27.765 3.2105 3.2184 0.080 67 37 11.8 1.49
28.485 3.1310 3.1387 0.120 88 36 15.5 0.84
29.445 3.0310 3.0385 0.120 130 34 22.8 2.33
31.465 2.8409 2.8479 0.320 32 28 5.7 1.39
33.135 2.7014 2.7081 0.080 357 25 62.5 2.83
34.760 2.5788 2.5851 0.480 56 28 9.8 2.74
36.175 24811 2.4872 0:240 112 37 19.7 2.71
39.510 2.2790 2.2846 0.160 28 30 4.9 0.82
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q' a o 9 9 a A AA (A 4
A1519N N2 Naﬂﬁ’JLﬂiW‘HTﬂi\iﬁiNﬂ’wL%ﬂuﬂ XRD eumuﬂuﬂemTwam‘wuﬂimmmuma-
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Angle d-value d-value | Peak width | Peak int Back.Int | Rel.int | Signif.
[17220] | A1 T[] A2 [] [1/2 20] [counts] [counts] [%]

2.780 31.7549 31.8330 0.360 388 102 32.6 5.76
4.235 20.8477 20.8990 0.480 177 102 14.9 6.39
7.125 12.3967 12.4272 0.720 36 102 3.0 4.83
14.030 6.3073 6.3228 0.480 967 222 81.3 15.66
16.760 5.2855 5.2985 0.520 1190 202 100.0 22.93
18.535 4.7832 4.7949 0.240 625 190 52.5 1.32
21.105 4.2062 4.2165 0.240 581 172 48.8 0.78
21.810 4.0718 4.0818 0.800 610 169 51.3 16.09
23.675 3.7551 3.7643 0.160 56 156 4.7 0.94
25.300 3.5174 3.5261 0.640 108 144 9.1 4.81
28.530 3.1261 3.1138 0.800 40 117 33 1.44
29.755 3.0002 3.0075 0.120 36 102 3.0 1.33
30.415 2.9365 2.9438 0.060 128 94 10.7 0.97
36.205 2.4791 2.4838 0.960 14 86 1.2 0.80
38.100 2.3600 2.3658 0.080 88 83 7.4 0.77
38.300 2.3482 2.3539 0:120 79 83 6.7 0.78
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Angle d-value d-value | Peak width | Peak int Back.Int | Rel.int | Signif.
[1/2 20] Al [] A2 [] [1/2 20] [counts] [counts] [%]

5.305 16.6449 16.6859 0.060 234 94 23.6 1.00
9.610 9.1960 9.1286 0.60 266 112 26.8 0.85
13.995 6.3230 6.3385 0.160 980 269 98.7 0.76
16.610 5.3329 5.3460 0.200 986 313 99.4 1.12
16.970 5.2206 5.2334 0.160 992 317 100.0 0.82
18.245 4.8585 4.8705 0.060 576 339 58.0 1.23
18.545 4.7806 4.7924 0.240 515 342 51.9 1.81
21.975 4.0416 4.0515 0.960 324 310 32.7 22.46
22.550 3.9398 3.9495 0.060 231 253 233 1.04
25.355 3.5099 3.5186 0.640 108 146 10.9 432
26.885 3.3136 3.3217 0.080 146 121 14.8 1.19
28.545 3.1245 1322 0.480 45 108 4.5 1.08
33.450 2.6767 2.6833 0.960 12 86 1.2 1.16
38.310 2.3476 2.3534 0.480 12 83 1.2 1.00
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MANUHIN U

A = a(d a
auvausInsvaallaninlunenlnan

d‘ 9 a| d a 1 J J a Aax
M1319N V1 ﬂ’J”I?JLﬂ‘L!ﬁIQ’L’ﬁ]51]’EJ\1‘V\IallLl1I‘LlﬂﬂﬂJIWﬁ@]iSﬁ’JNﬂﬂiﬂWIumﬁEJ/‘W’EJﬁ‘Wii’)W@‘L!

vouAueTalalud/ ANUIAUGIFA (MPa)

GRERIRNLAATEY X1 | X2 | x3 | x4 | X5 | dwnde | audeawumasg
0/0 13.8 | 14.1 | 13.7 | 14.1 13.1 13.8 0.4
0/6 8.4 8.5 8.6 9.1 9.6 8.8 0.5
0/7 8.0 8.6 8.7 8.3 8.4 8.4 0.3
0/8 8.1 8.0 7.8 T, 7.7 7.9 0.2
0/9 79 470 16 | 18 | 72 7.6 0.2

2.5/6 8.7 9.1 9.6 8.7 9.6 9.2 0.5
2.5/7 8.9 9.1 |93 9.2 %l 9.1 0.1
2.5/8 8.5 85 |88 8.7 8.5 8.6 0.1
2.5/9 81 | 81 78 | 78 | 80 8.0 0.2
5/6 9.8 9.8 9.8 9.7 10.6 9.9 0.4
5/7 9.5 9.5 9.3 9.7 10.2 9.6 0.3
5/8 9.9 9.1 8.9 8.9 10.2 9.4 0.6
5/9 8.2 8.8 10.0 8.1 8.1 8.6 0.8
7.5/6 114 | 113 | 107 | 110 | 116 | 112 0.4
7.5/7 1 {499 99 107, [-113, |- 10:6 0.7
7.5/8 10.9 | 104 9.6 9.5 9.6 10.0 0.6
7:5/9 9.4 10.1 10.1; |- 10.6 9.5 9.9 0.5
10/6 131 | 128 | 129 | 127 | 139 | 13.1 0.5
10/7 126 | 125 | 122 | 124 | 130 | 125 0.3
10/8 120 | 119 | 11.8 | 116 | 113 | 117 0.3
10/9 106 | 112 | 109 | 114 | 105 | 109 0.4
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d' v J [ a| d a 1 J 4 a Aax
M3197 V2 dannegadvesdlanu Tuaon Indnszriwessn lunad/moansonau

oUANDSA farueada (MPa)
Talugens | xi X2 X3 X4 X5 | sunde | sudeuvunasgi
Wl
0/0 11049 | 11173 | 10662 | 1100.5 | 10952 | 1096.8 19.0
0/6 7369 | 7288 | 7215 | 799.6 | 7602 | 7494 316
0/7 7230 | 7187 | 7093 | 7475 | 7403 | 7278 15.8
0/8 6153 | 6280 | 6725 | 6125 | 6480 | 6355 252
0/9 5430 | 5023 | 5180 | 5166 | 5525 | 5265 206
2.5/6 7849 | 7806 | 7660 | 747.0 | 7549 | 766.7 16.2
2.5/7 7549 {7485 | 7304 | 7344 | 7599 | 7456 12.8
2.5/8 689.6 | 6979 | 6867 | 6984 | 6654 | 687.6 134
2.5/9 5812 | 6340 | 6248 | 6532 | 6182 | 6223 26.5
5/6 7509 | 809.1 | 7852 | 8009 | 7992 | 789.1 23.0
5/7 7812 | 7714 | 7849 | 7777 | 7793 | 7789 5.0
5/8 756.1 | 9577 | 7729 | 7174 | 7670 | 7542 217
5/9 7278 | 7155 | 6950 | 7344 | 7832 | 7312 327
7.5/6 892.2 878.2 936.4 917.0 899.8 904.7 22.6
7.5/7 831.7 837.3 841.3 877.1 854.1 848.3 13.1
7.5/8 844.9 818.5 825.2 803.0 800.6 818.4 18.0
7.5/9 778.9 760.6 813.6 7053 768.0 783.3 21.4
10/6 994.0 | 1003.7 | 987.8 999.2 | 1009.2 998.8 8.3
10/7 898.9 904.7 942.3 9404 913.9 920.0 20.2
10/8 897.9 871.5 907.9 868.9 863.2 881.9 19.7
10/9 862.7 887.2 858.8 836.4 814.6 851.9 27.6




81

d’ = a d a 1 4 4 a ast
M1319N U3 ANUATYA U i!ﬂ"lﬂﬂ"lJfNWﬁiJu'lIUﬂE]llI‘W’L’f@]i%”ﬂ’ﬂ\iﬂ@iﬂ11u!ﬂﬁﬂ/W®aWi’0‘Wﬁu

youavesalalud/ ANUIATEA U YAVIA (%)

GRERIRNGATPY xt | x2 | x3 | x4 | x5 | dfunde | sudoanmnasg
0/0 4.8 4.2 4.5 4.1 4.2 4.4 0.3
0/6 3.6 5.8 34 5.2 43 4.5 1.0
0/7 43 4.7 4.1 4.7 5.4 4.6 0.5
0/8 4.8 4.7 5.1 4.7 5.5 5.0 0.3
0/9 4.8 4.8 4.7 Sl 5.6 5.0 04

2.5/6 4.0 39 | 3.6 3.9 4.0 39 0.2
2.5/7 4.2 45 |44 5.0 4.1 4.4 04
2.5/8 5.0 4.6 |42 43 4.8 4.6 0.3
2.5/9 4.5 4.5 4.8 5.1 oY 4.8 0.2
5/6 kY 3 3.7 3.8 3.6 3.6 3.6 0.1
5/7 4.0 4.3 3.9 35 3.3 3.8 04
5/8 43 43 4.3 4.3 43 43 0.0
5/9 4.7 4.1 5.0 5.0 5.4 4.8 0.5
7.5/6 34 34 3.6 3.8 3.0 34 0.3
7.5/7 34 33 34 3.6 35 34 0.1
7.5/8 4.4 3.8 34 4.0 3.6 3.8 04
7.5/9 43 4.6 3.7 3.7 4.7 4.1 0.4
10/6 2.6 2.6 2.6 2.6 2.6 2.6 0.0
10/7 2.9 2% 3.0 2.6 2.8 2.8 0.2
10/8 2.7 2.5 3.1 2.8 32 2.9 0.3
10/9 3.1 33 Yo 34 3.7 3.3 0.2
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