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Eﬂ'ﬁ 50: Gapwise crystallinity distribution at the midway of moldings of vetiver fiber/PP
composites at various mold temperatures (processing condition 1, 6, and 7 according to Table

1) corresponding to the first heating scan.
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3.1.6 Naﬂadiﬁuﬁmwnj’mdnda Degree of crystallinity Lar Gapwise crystallinity
distribution vasngudnlwsRauaaunadn
DSC curves (heating scan) 183 0% (neat PP), 10%, 20% us: 30% mﬁ'll,l.dn/waﬁ
TWIRAUABNWERN 7N skin tayer UaE core layer me'l,ugﬂﬁ 51 Uz 52 ANE1aY ﬁ]'mgﬂmsi'\ﬁ
WU UEIU core layer curves BBIdIaENTilaliansuzn i (broad) ({luuuy multiple
endotherms annnlugau skin layer ugasirfindnlunany 9 snwmsiiadulu core layer athols
fian dnwmsinmarilarusawenaenldiugasfininde Anfiludesis@iominues pseudo-
hexagonal B form Q:Lﬁﬂﬁqm%qﬁmmaaummﬁﬂndﬂiauﬁqﬁﬂaﬁuaug‘srﬁﬁiawﬁwﬁ'\ﬁw R
Anfidanaaiinsunnninves monoclinic o form ﬁﬁm’nmﬂm:tﬁuuguniw%uaztﬁﬂﬁqmﬂqﬁm‘s
wasuMAITINIE [22] Taoaludsin sUwuumAaninues iPP sxflagmuuunde o p
uaz y [44] %mﬁnmmﬁa:ﬁﬁrugmmﬁauﬁ'umn 3, helices wavzuanaanuludoanssadu
vasmolaAianwmedadundsn (helx) iin ﬁqmuqﬁmwaaummga‘] i wdnuuy o
form :UAMUIRDBIUUY thermodynamically mnﬁqm FaunBnuuy B form suanfiedwldmele
gnrnsaneanfifiay agratuniold thermal  gradient  nasldnmisusaBounisfenan
(shearing or elongation) VaIWaRINaIMABNIAAY WAZH nucleating agents agiuwa‘ﬁnuafmau
warmAlAansanndn SmTLRENLLY ¥ form wuinasUringlumsaansda Tu PP fiwin
Tmﬂqas‘h vialuannznianudnadnath gmaldanudugs g [45) Soluniniudawudiansan
nAnlasnsmilsnidsusideauses iPP anudnfudrnsdsznavldrondnuuy o form uss
form [18]
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Eﬂ"?'l 51. DSC curves corresponding to the heating scan at skin layer (Y/H = 1) of neat PP, and

various contents of vetiver grass in vetiver grass-PP composites.
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31]‘7{ 52. DSC curves corresponding to the heating scan at core layer (Y/H = 0) of neat PP, and

various contents of vetiver grass in vetiver grass-PP composites.
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Eﬂﬁ 53. DSC curves corresponding to the cooling scan at skin layer (Y/H = 1) of neat PP, and

various contents of vetiver grass in vetiver grass-PP composites.
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Eﬂﬁ 54, DSC curves corresponding to the cooling scan at core layer (Y/H = 0) of neat PP, and

various contents of vetiver grass in vetiver grass-PP composites.
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Eﬂﬁ 55. Gapwise crstallinity distribution at the midway of moldings of neat PP, and various

contents of vetiver grass in vetiver grass-PP composites corresponding to the heating scan.

3.2 milﬁﬁnﬁnnﬁﬂ'lﬁan'l‘wﬁ;d (Quiescent crystallization)
3.2.1 Equilibrium melting temperature

Equilibrium melting temperature (T ) T89Wad INTRRUURLRTWHN-WOR IWIRAL
ARUWOANTIRAIN Hoffman-Weeks plots ﬁouﬁm‘luzﬂﬁ 56 WAz 57 AWEINY WU 6 T 189
wihudnivadlnsRaunaunaiin (168.42°C) TadninuaanedlnsRau (179.03°C) naduilens
fsanldnndasitaunasznisszning phase 11 fiber-polymer matrix (Falufifiae welrurin-
PP) uax plain polymer matrix iuananaiu [21] uananiulussuuvesngdhudnmednsia
ABUWEAN  Spherulites w81 PP 'ﬁLﬁﬂﬁumm:‘lﬁampﬁua:awﬁmmﬂLﬁnmé'utﬂuuaﬁu
Lﬁaommmé’u’lwryj’mdnﬁag‘luﬂauwa?m'l.ﬂiﬂm'mmim‘%ryLﬁuTm'uaa PP Spherulites l¥en
T°., vesndnudnmad InTRaunsunedniisdnituaswed InsRdutuies
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Eﬂ‘ﬁ 56. Hoffmann-Weeks plots of neat PP.
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3‘!_1'7; 57. Hoffmann-Weeks plots of vetiver grass-PP composites.
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3.2.2 Isothermal crystallization kinetic

gﬂﬁ 58 URr 59 URAJ isothermal crystallization isotherm 283 neat PP uar 20%
niudnmadlnIRaunauwadnildannimasssdin DSC ey Wi crystaliization va4
Y3 neat PP Lm:vsrlijNn/waaTwsﬂﬁuﬂauwa%nfu"lﬁ%’uﬁn%wamnqquﬁamnﬁﬂﬁ'ﬁmw
tm:mngﬂﬁ 58 usz 59 o lumwidn X(t) enwsuns@ (1) a:‘lﬁnﬂwﬁqgﬂ‘?‘i 60 U8z 61 49
4§99 Relative crystallinity Fitfluariduiuiafl crystaliization temperatures 122-134°C g
neat PP uazngudn/mailnifaunuwaimaius ey wenaniu ianfsuifisuiy neat PP 7
puwniiannAni@inaiuszwudn crystallization rate  vaIntuHn/MaRIWITREUADINEANITIM
nnniwas PP é’ouﬂmlugﬂﬁ 62 wnmasuiiannanldi dulowghudniinadamaiie

crystallization 1a3 PP TﬂUﬁI.Ei'u'ltmry:"lLanmm]:ﬁmﬁﬂﬁLfJu heterogeneous nucleation agent
gy PP ¢
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gﬂﬁ 58. DSC thermograms of isothermal crystallization isotherms of neat PP at various

crystallization temperatures.
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Eﬂﬁ 59. DSC thermograms of isothermal crystallization isotherms of 20%vetiver grass-PP

composites at various crystallization temperatures.
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zﬂ‘ﬁ 60. Relative crystallinity as a function of time at various crystallization temperatures for
neat PP.
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31]17'1 61. Relative crystallinity as a function of time at various crystallization temperatures for

20% vetiver grass-PP composites.
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El_lﬁ 62. Relative crystallinity for neat PP and 20% vetiver grass-PP composites at T, = 128°C.
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INAT X(L) ﬁ“lﬁmnnﬂwzﬂﬁ 60 uar 61 um axiliunudnlugunns (3) War
Avrami plots ﬁqmmgﬁdnq &3 neat PP LLa:LLNn/waETwa“ﬁﬁuﬂauwaﬁﬂ'lé'@'fwﬁmlugﬂﬁ 63
waz 64 audey nnT ez ldanuFuRuTTERI log{n[1-X@)) fu log () Hdnwmed
Humduanlasanuanudisaunaniduasaintsoinmansadanaiuldlursianiuduuaz g
1a18189 crystallization process FofuanslwiAuwlddain Aviami equation ®INNTOITIATIEWNR
NTNARBIN isothermal crystallization kinetics U84 neat PP I.I.ﬂ:ﬂnj’lLLNﬂlWﬂﬁTwsﬁﬁuﬂauwa
an'leathad §miy Crystallization parameters @199 @a k(T), n fiwldan intercept WAz slope
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iﬂﬁ 63. Avrami plots of log{-In[1-X(1)]} vs. log (t} for isothermal crystallization of neat PP.
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;iﬂ'ﬁl 64. Avrami plots of log{-In[1-X(t)]} vs. log (1) for isothermal crystallization of 20%vetiver

grass-PP composites.

AT 7. Crystallization parameters of neat PP and 20%vetiver grass-PP composites at

various crystallization temperatures.

Samples T.(°C) | AvramiExponent | Avrami Rate Constant t,,
{n) (k) {min)
Neat PP 122 1.5651 0.2584 1.88
125 1.8308 0.0659 3.62
128 1.8597 0.0125 8.68
131 1.8794 0.0031 17.92
134 2.0508 0.0002 49.87
Vetiver grass-PP 122 1.2409 0.3891 1.59
125 1.2565 0.1775 2.96
128 1.2706 0.0670 6.29
131 1.2814 0.0228 14.35
134 1.3202 0.0051 41.31
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NIV 7 WUIAT n LAEA Ly, 'ﬂ:umtwu'uul.uaqmwgu‘lummnNamwmm '1me:

d‘l 1} { ) ﬂ‘ A’ "J .
fifn Rate of crystallization, k(T) a:fieanandegmnnilunsanninifudununansayii
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nucleation rate WAz growth rate il:ﬁ?‘i’lﬂﬂadlfiaqmﬂqmummnwﬁngdi{u (W38 supercooling
ANRARY) [46] unsdives @1 n fuﬂ:%ua%iﬁ'u mechanism Y2dN1ILAA nucleation WAL crystal
growth 1 n andanuiiud sy (integer) Auandwriu [47] udatnatsfionalummasas 6
Avrami exponent (n) 71l lailgswanida laofidaglugaa 1.5-2 &ML neat PP unz 1.2-1.3
fmiy wghudnmedlnifian soanainlugrogunginisanniin 122-134°C anudoauunes
f n Aleiuduiiasunain secondary crystallization process, IR nucleation AElAMUTUTa
ua:m‘nﬂ‘é"nuuﬂmmmﬂmuﬂmaﬁaq [48] §F1WIUNTHVEI typ v ialteuifiouniy neat PP
i maudnmed InTRAnaauwenazdl t, fidnn neat PP lunngamnizanisansing
uﬁmlu3ﬂf‘i 65 AINALHBININ nucleating effect TaantiIuHnAfinadamuiia crystalization
v89 PP iias

60
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E30.
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Eﬂﬁ 65. Half time of crystallization (t,5,) in isothermal crystallization at different temperatures for

neat PP and 20%vetiver grass-PP composites.

3.2.3 Spherulite growth rate was Transcrystallinity growth rate
MINARBINT spherulite growth rate  vaIwadlwiRAulasld Polarized Optical
Microscope 113\uS2LUa3 neat PP Taamangudn-wod lwsiauaaunadnuunly buk uazum
Wilomahudndousadldlugudl - 66 wsr 67 wuiwwdulonghudnsansoneldifa
Transcrystallization @T’:umquaﬁ%ﬂﬂaiumgum‘nﬁmLuwuam"l n UaInnuEN-woR Lwsfian
asunadniilanFuufiouiudn n ve9 neat PP daftldnan luudadhadu
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Eﬂﬁ 66. Optical micrographs of crystallized PP taken during the crystallization process at T, =

131°C.
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.4
31]71 67. Optical micrographs of transcrystallization of PP on vetiver grass fiber taken during the

crystallization process at T, = 131°C.
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TN 8. Summary of crystallized PP-growth rate on bulk and fiber surface of neat PP and

vetiver grass-PP composites.

Samples T.(°C) Average Growth Rate ([Lm/sec)
Neat PP 125 10.4897
128 8.5268
131 6.3823
134 4.3681
137 3.4151
Vetiver grass-PP 125 7.5280
(Bulk) 128 6.3742
131 5.1080
134 3.4570
137 2.8852
Vetiver grass-PP 125 3.8723
(Fiber) 128 3.0486
131 2.5152
134 2.0586
137 1.5588
100 5
—a— Neat PP
—e— Vet-Bulk
—a&— Vet-Fiber
£
£
g 7
o
1 . T T 5 . .
124 126 128 130 132 134 136

Temperature {°C)

Eﬂﬁ 68. Growth rate of neat PP and vetiver grass-PP composites.

138
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nnaTefi 8 ua:zﬂ‘?‘i 68 uaadlWiAnily Growth rate 189 neat PP uasnuiudn-
wodlwsRRunauwainiislu Buk uasuwdulownhudn axfinledin Growth rate 189 crystaliized
PP ua: Transcrytalized PP sziidndnasifeguingflunisanndngsluudasnuil Growth rate
a3 Transcrystallized PP 4zifialddnin crystaliized PP In Bulk usitilauSouiiny Growth rate
289 crystalized PP lu Bulk 2833201 neat PP Auszuunghudn-wadlwiRfunsuwadnwui
Growth rate 189 crystallized Tn Bulk 28sszuunghudn-wedlnsR@unoamedniuderdninad
sfafioananiy Buk vasszuumghudn-wedlnsR@uasuwadniunnmadsnavmsiingg
ﬂﬂaaownfmzﬁﬂuﬂ?aa:aaaﬁﬂqﬂaanu'lﬁl'anmﬁnmnmm:ﬁ'lmi mix ﬂutﬁauag}m’m Vil

v f . ' A a @ '
aunali crystallization process wanssaaniuainlu neat PP Gaillwarid Growth rate aaay
UULBY

@1347 9. Crystallization rate constant (k, k', and K) and number of effective nuclei {N) of neat

PP and 20%vetiver grass-PP composites at various crystallization temperatures.

Samples T, (°C} Avrami Rate Correction Rate Nakamura No. of Effective
Constant Constant Rate Constant Nuclei (per cm’)
(k) (k') (K) (N}
Neat PP 122 2.85 X 10" 7.47 X 10” 421X 10" 1.55 X 10'
125 6.59 X 10° 1.16 X 107 2.26 X 10™ 446 X 10°
128 125X 10° 8.47 X 10° 9.46 X 10” 7.77 X 10°
131 3.06 X 10” 9.67 X 10° 459 X 10° 277 X 10°
134 2.30 X 10™ 473X 10" 1.68 X 10° 2.83 X 10'
Vetiver 122 3.89 X 10 1.02 X 10” 467 X 10 571X 10’
grass-PP 125 1.75 X 10" 161X 10° 253 X 10" 1.49 X 10’
128 6.70 X 10” 1.69 X 10~ 119 X 10" 3.03 X 10°
131 228 X 10° 143 x 10” 523 X 10° 8.28 X 10°
134 5.10 X 10” 6.17 X 10° 1.83 X 107 6.13 X 10°
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Eﬂﬁ 69. Number of effective nuclei as a function of crystallization temperature (T,) for neat PP

and vetiver grass-PP composites.

a7 9 useInsiSsufisudn Crystaliization rate constant @199 finnldan
JUNNT (3), (11) WA (13) auRUNIRIIE M effective nuclel Timldannauns (11) WU
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wan dniulusuuwghudn-woalusAauneawaindefidulonaudniiu nucleating agent Wudl

nalULRNS 1 wIuEEY effective nuctei izuLlaRalFaa1qunT1 neat PP lunmsifianantiulas

37N Hofmann-Lauritzen Plot 9:&110170%" @1 pre-exponential parameter (G,) Wiz
nucleation constant (K;) HILEAIUENNTT (9) 189 neat PP uazngudn-wadlwsRfunoudnle
m“mam‘lugﬂ?i 70 WazETA 10 WU M G, uax K, vaannudn-wedlwsRdunaunainezd
@dni11ee neat PP (fiasendnen Kq dneiiulonasdy o (side surface (lateral) free
energy) Lax G, (fold surface free energy) dailunistadtem (work) fildlunisada surface
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crystal growth @AUNT9LAN interface TTRINg polymer crystal U substrate 87199:dNa lUTaYN

lévasniimisiia  interface  3:wine free polymer crystal @aufiwuies [50] vihlwnnsife
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energy fiassiuduiuuyy primary nucleation dsiusanananaldimsiiidulonauinaglu

a He = 1y v & ' o v . .
aauwadnazlan work fiduiludpaltlunisaiie surface Juanlnaifinavinli crystaliization rate

« & O
(5T UUULDY
3.2
# Neat PP ¢ Vet-Bulk

3.0 -
3
h 281
& y = -0.2854x + 4.4856
& R2 =0.9862
Q
[ ]
o 26 -
5
+
S
S 24 ¢

y =-0.5508x + 5.6233
221 R? = 0.9936
20 : : ‘ : : : . .
4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

UTATE (105 K?)

Eﬂﬁ 70. Hofmann-Lauritzen Plots for isothermal crystallization of neat PP and vetiver grass-PP

compaosites.

mﬂaﬁ 10. Summary of pre-exponential parameter (G,} and nucleation constant (Kj) of neat PP

and 20%vetiver grass-PP composites.

Samples Pre-exponential Parameter Nucleation Constant
(G,) (K,)
Neat PP 4.20 X 10° 0.5508
Vetiver grass-PP 3.06 X 10" 0.2854
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Layer (%)) a:aﬂaoati’mﬁu‘lﬁ'ﬁ’mﬁam’mL?Q1unﬂsﬁmLLa:qmﬁqﬁmaaLuiﬁwﬂﬁm‘fu Tuymsi
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anas e sanmaAandnuaznisnzaodivendnluwed InsRiwUSonifsufumafuen
wouiEwlomadlnsRauasuwsimuasnaudnuuunywadlnsRBuaaunain wudwadlwsian
viudien %Crystallinity (Xc) mnn’hmﬁmdn/waﬂmﬁﬁuﬂauwaﬁnﬁy’mamﬁm watiilasunann
wihudnazlsunaumsanadnueswedlnfidn uazerarildndnveswed nsRaufiiaduwlas
ANyl wananifanuitlifianuuandrslunisnszasdveninasennnumiiuas
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1R lenTadiiaunelsznsIznang phase 189 fiber-polymer matrix (Foluiiiiaa W

W n-PP) uaz plain polymer matrix fluane9niu wonmnuuluszuuyamaudn/mwad lwiRau
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SHEAR-INDUCED CRYSTALLIZATION OF NATURAL FIBER-
POLYPROPYLENE COMPOSITES

Y. Ruksakulpiwat', U. Somnuk’, J. Kleungsumrong’ . P. Phinyocheep’,

N. Suppakarn’. and W. Sutapun’

'School of Polymer Engineering, Suranaree University of Technology, Nakorn

Ratchasima ~Department of Chemistry, Mahidol University, Bangkok Thailand

Abstract

Comparative study of shear-induced crystallization
among injection molded polypropylene (PP) composites
from wvetiver grass, rossells, and sisal were examined.
Shear viscosity among PP composites from vetiver grass,
rossclls, and sisal were investigated. Results indicated that
the vetiver grass-PP composite had lower T, than those of
trosclls-PP, and sisal-PP composites. The %crystallinity of
vetiver grass-PP was higher than those of rossells-PP and
sisal-PP compositcs. However, the normalized thickness of
the skin layer in vetiver grass-PP, rossels-PP, and sisal-PP
composites showed insignificantly differences. In addition,
the effect of fiber content on the normalized thickness of
skin layer was elucidated. It was found that an increase of
tiber contents led to a decrease in normalized thickness of
skin layer and degree of crystallinity of the composites.

Introduction

Natural fibers, such as kenaf, coir, and jute can be
potentially scrved as inexpensive fillers for polymers.
Morcover, the advantages of natural fibers are low-density
with high specific propertics {propertics per unit weight),
low abrasive wcar, and abundance. Furthermore, the
natural fibers arc recyclable, biodegradable and rencwable
[1]. The natural fibers used in this study are vetiver grass,
rosschls, and sisal. Vetiver grass is well known as a useful
plant for crosion control in Thaitand. In addition, it can
grow in a wide range of arcas. Rossclls and sisal are among
the most widely used natural fibers, which are easily
cultivated and found in the northcast of Thailand. They
have short renewal times and grow wild in the hedges of
ficlds. Though these abundant plants arc the most widely
uscd natural fibers, a large quantity of this cconomic and
rencwable resource s still under-utilized [2-4].

injcction molding 15 onc of the most important
processing  operations  to  process polymeric  products,
During injection molding, the molten polymer is subjected
to high shear stress at the cavity wall which causcs the
preferential orientation of the molecular chains. In the core

of the moldings, the relaxation of the molecular chain
occurs duc to the low shear stress and low cooling rates.
As a rcsult, a clear skin-corc structurc composed of a
surface skin layer with a high molecular orientation and an
inner core layer composed of spherulites with a low
molecular orientation is observed.

Since the morphological structure of semi-crystalline
polymer caused by injection molding strongly affects their
mechanical propertics. The difference in properties (such
as crystallinity and degree of orientation) between the
highly oriented crystallites in the skin and the spherulitic
core can lead to undesirable cffects such as siress
whitening, warpage, or in the extreme cases, delamination
of the skin. On the other hand, the skin can offer a desired
hardness of the surface [3]. Although the shear-induced
crystallization of PP has alrcady becn well undcerstood [6-7]
the study of shear-induced crystallization in natural fibers
polymer composites had not been published. Therefore, the
cffect of fiber types and contents on shear-induced
crystallization of natural fiber-PP  composites  was
conducted in this study.

Experimental Procedures

Vetiver grass, rossells, and sisal were washed by water
to climinate dirt and dried in an oven. After that, they were
prepared into the form of short fiber. The aspect ratio of
vetiver grass, sisal and rossells were 6.15, 12.15, and 33.68,
respectively. Their average lengths were 0.82 mm, 2.77
mm, and 2.65 mm, respectively. The vetiver grass was
immersed in a solution of 4% (wty NaOH for 2 h at 40°C
and the vetiver-to-solution ratio was 1:25 (w/v). The
vetiver grass was then washed thoroughly with water and
dried in an oven at 100°C for 24 h. The rossells and sisal
fibers were treated as follows. The fibers were weighed
about 700 g and put into a reactor. The 10 liters
methanol/benzene mixture (I:1) was then added into the
reactor (liquor ratio of 15:1). The reactor was heated to
80°C for 3 hours. After that, the rossells and sisal fibers
were immersed in 2% (wt) NaQH solution for 2 hours,
washed by water, and dricd in an oven at 100°C for 24 h.

A commercial grade of PP, 700J, supplied by Thai
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Polvprapylene Co.. Ltd. was used to mix with the natural
fibers. The mixing was performed by using an internal
mixer {Haake Rheomix 3000P modcel 557-1306) at 170°C.
The ratio of natural fiber to PP matrix was 20% {w/w).
Aftcr that natural fiber-PP composite was ground and dried
betore molding. The natural fiber-PP composite specimens
were molded by injection molding (Chuan Lih Fa Machine
model CLF-80T) at the same condition. Shear viscosity at
the shear rate range of 10 to 10000 s of PP and various
types of natural fiber-PP composites were measured using
Kayeness capillary rheometer {modcl D3052m) at 180°C.
Natural  fiber-PP composites  were  then  cut
perpendicular to Machine Direction {MD) and parallel to
Transverse Direction {(TD) at the center of sample.
Subscquently, the sample was cut again throughout the
center plane of the sample by paralleling to MD by using
Rotary Microtome (RMC model MT 960) into a thin film
of thickness of 50 micron (Figure 1). The morphology of
the specimens was investigated using a Polarized Optical
Microscope  (Nikon: model Eclipes E600 POL).
Normalized thickness of skin layer was determined by
using the following equation:
Normalized thickness of skin layer (%)

kin thicknes M
Skin thickness 100

Total thickness of test specimen

Dilferential + scanning  calorimetry  (DSC)  of  the
samples al various depths (Y) in the thickness direction (H)
was oblained by culting the samples by Rotary Microlome
into a thin {ilm of 50 san-thickness (Figure 2). The depth of
sample was varied into four zones, which were referred to
the difterent Y/H value. The Y/H value was ranged from
O0-1. Ina case of Y/H=1, it is referred o the skin of sample
whereas in the case of Y/H = 0 is referred 1o the core of the
sumple (center). The weight of cach specimen was
approximately 5 mg. Then, these specimens were used 1o
measure  the degree of crystallinity by DSC  (Mettler
Toledo Version STARY SW 8.1). The sample was heated
fram 25°C 10 200°C with heating rate of 10°C/min (heating
scan). Then, the sample was remained at 200°C for 5 min
to remove thermal history of sample. Afier that, the sample
wus cooled down to 25°C with the cooling rate of
10°C/min (cooling scan), The degree of crystallinity (X.)
was determined by using the following equation [8].

AU, 100 (2)

A
Where AHy is the area under the crystallization peak, AH,
is the latent heat of fusion of a 100% crystalline PP (2071

X, (% Crysallinity) =

My [9)) and W is the weight fraction of PP in the composite.

Results and Discussion

Figure 3 showed the effeet of vetiver grass content on
normalized thickness of skin layer of vetiver grass-PP
compostes. An inerease in veliver grass content in the
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composites led to a decrease in normalized thickness of
skin layer of vetiver grass-PP composiles. This may be due
to the vetiver grass acting as an obstruction 1o the normal
flow of the melt. As a result, the molecular onientation of
polymer chain in the composites with higher vetiver grass
content was less than that of the composites with lower
vetiver grass contenl. Therefore, the thinner thickness of
the skin layer was observed in the composites with higher
vetiver grass content.

DSC curves (heating scan) of skin layer and core layer
of ncat PP, and vetiver grass-PP composites al various
ratios of vetiver grass were iliustrated in Figure 4-5,
respectively. 1t was apparcnt from these figures that
endotherms in the core layer exhibited morc obviously
multiple and broad than those in the skin layer. This
characteristic can alse be observed in necat PP and vetiver
grass-PP composites at various contents of veliver grass. It
implied that the presence of scveral crystallographic forms
could be taken place in the core layer. In addition, the
endotherms of vetiver grass-PP composites scemed to shift
to the lower melting temperature compared to that of ncat
PP. Morcover, the lower crystallization temperature was
observed in the presence of veliver grass in Lhe composites
(Figure 6-7). Furthermore, it was found that when the
veliver grass conient in the composites increased, the
crystallization temperature of the composites showed
insignificantly differences. Figure & displayed gapwisc
crystallimity distribution at the midway ol moldings of neat
PP and PP composites at various contents of vetiver grass.
It was shown that degree of crystallinity of vetiver grass-
PP composites slightly decrcased, when the content of
vetiver grass was increased. This indicated that vetiver
grass interrupted crystallization process in the composiles.
A decrease in %crystallinity with increasing fiber content
can be also observed in cellulose liber-PP composites [8].

The effect of fiber types on normalized thicknes of
skin layer of natural liber-PP composites was represcnted
in Figure 9. It was rcvealed that vetiver grass-PP, rossells-
PP, and sisal-PP  composites had lower normalized
thickness of skin layer when compared to that of neat PP.
This results suggested that natural fibers i.c. vetiver grass,
rosells, and sisal possibly restricted or obstructed
molccular orientation of polymer chain during shear-
induced crystallization lcading to a decrease in nonnalized
thickness of skin layer. In addition, it was noticed thal
normalized thickness of skin layer among vetiver grass-PP
(6.82 %), rosclls-PP (6.37 %), and sisal-PP (6.03%)
composites were not signilicantly different,

Shear viscosity of ncat ' and various types of natural
fiber-PP composites were shown in Figure 10. 1t can be
scen that veliver grass-PP, rossclls-PP, and  sisal-PP
composites had higher shear viscosity when compared to
that of ncat PP. This was possibly duc to natural fibers i.c.
vetiver grass, rossclls and sisal which perturbed normal
flow of polymer and hindered the mobility of chain
segments in the meit low. Morcover, PP composites from



vetiver grass exhibited greater shear viscosity than those of
rossells-PP and sisal-PP composites.

DSC curves (heating scan) of skin layer and core layer
of ncat PP, and wvarious types of natural fiber-PP
composites were lustrated in Figure 11-12, respectively.
The characleristic of DSC curves of vetiver grass-PP,
rosclls-PP,  and  sisal-PP composites  revealed  that
endotherms in the core layer exhibited more obviously
multiple and broad than those in the skin layer. DSC
curves (cooling scan) of skin layer and core layer of neat
PP, and various types of natural fiber-PP composites were
presented in Figure 13-14. respectively. There was the
difference of crystallization temperature {T,) in various
types of natural fiber-PP composites. 1t was observed that
vetiver grass-PP composite had the lower T, than those of
rosells-PP, and sisal-PP composites. Morcover, when take
the consideration on the degree of crystallinity in various
types of natural fiber-PP composites (Figure 15), it can be
seen that Yeerystallinity of vetiver grass-PP was higher than
thosc of rossells-PP and sisal-PP composites. This situation
may possibly due 1o the more suitable surface topology of
vetiver grass for nucleation than those of rossells and sisal.
in addition, there was no gapwise erystallinity distribution
at the midway of moldings for all specimens,

Conclusions

It can be summarized thal an increase of fiber contents
led to a decrcase in normalized thickness of skin layer and
degree of erystalitnity of the composites. However, fiber
contents were not significantly affected on crystallization
temperature. The effect of types of natural [iber on T, and
%crstallinity was obviously observed. Veliver grass-PP
composite had lower T, than those ol rosclis-PP, and sisal-
PP composites. The degree of crystallinity of vetiver grass-
PP was higher than those of rossells-PP and sisal-PP
composites. Neverheless, the effect of types of natural
fibers i, veliver grass, rossells, and sisal on normalized
thickness of skin layer showed insignificantly differences.
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Injection Molding of Vetiver Grass-Polypropylene Composites: Effect of Particle Sizes
on Rheclogical, Thermal, and Mechanical Properties

. Lsa_Somnuk, Nitinat Suppakarn, Wimeonlak Sutapun, and Yupaporn Ruksakulpiwat’,
School of Polymer Engineering, Suranaree University of Technology, Nakhon Ratchasima,
30000 Thailand Phone: +66-44-224433, Fax: +66-44-22443 1, E-mail:yupa@sut.ac.th

The effect of particle sizes of vetiver grass on rheological, thermal, and mechanical
properties of vetiver grass-polypropylene (PP) composites was elucidated. The vetiver grass
was prepared into two forms: a) vetiver fiber, which its average length and aspect ratic was
0.82 mm and 6.15, respectively and b) vetiver powder, which its mean particle size was 57.48
um. Vetiver grass was treated with alkaline solution prior to use*”. The alkali-vetiver grass
was then mixed with polypropylene using an internal mixer with the ratio of vetiver grass to
PP at 20:80 (w/w). The vetiver grass-PP composite specimens were then molded by injection
molding,.

Shear viscosity at the shear rate range of 10 to 10000 s of PP and vetiver grass-Pp
composites was measured using a Kayeness capillary rheometer at 180°C. Results showed
that shear viscosity of both vetiver fiber-PP and vetiver powder-PP composites were higher
than that of neat PP (Fig 1). This is possibly due to vetiver particles which perturbed normal
flow of polymer and hindered the mobility of chain segments in the melt flow. In addition,
viscosity of vetiver fiber-PP composites was slightly higher than that of vetiver powder-Pp
composites. This may be because the vetiver fiber was able to obstruct normal flow of
polymer and impeded the mobility of chain segments in the flow more than the vetiver
powder.

The thermogravimetric analysis (TGA) was obtained by heating the sample from 30
to 800°C at a heating rate of 20°C/min under nifrogen atmosphere. TGA and DTG resulis
revealed that the onset of the decomposition temperature of vetiver grass-PP composite was
lower than that of neat PP (Fig 2). This may be due to the incorporation of vetiver grass
which showed lower thermal stability than neat PP. However, both vetiver fiber-PP and
vetiver powder-PP composites showed the similar TGA and DTG patterns.

Tensile properties of the composites were determined according to ASTM D638, and
impact property was measured according to ASTM D256. When compared to neat PP, both
vetiver fiber-PP and vetiver powder-PP composites exhibited higher tensile strength and
Young’s modulus (Fig 3-4). This result implied that vetiver grass could be served as
reinforcing filler in the composites. In addition, vetiver fiber-PP composites had higher
tensile strength and Young’s modulus than vetiver powder-PP composites. This is passibly
due to the longer length of vetiver fiber which may be able to transfer more ioad applied to |
composites. On the other hand, it was found that elongation at break (Fig 5) and impact
strength (Fig 6) of both vetiver fiber-PP and vetiver powder-PP composites were lower than
that of neat PP. In case of vetiver grass-PP composites, it was found that the elongation 2t -
break of vetiver fiber-PP composite was lower than that of vetiver powder-PP composites, -
whereas the impact strength of both vetiver fiber-PP and vetiver powder-PP showed
insignificantly differences.
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Effect of Particle Sizes of Vetiver Grass on Shear-Induced Crystallization of
Injection Molded Vetiver Grass-Polypropylene Composites

Yupaporn Ruksakulpiwat', Usa Somnuk', Pranee thyocheep ,
Nitinat Suppakarn', and Wimonlak Sutapun',
! School of Polymer Engineering, Suranaree University of Technology, Nakhon Ratchasima,
30000 Thailand Phone: +66-44-224433, Fax: +66-44-22443 1, E-mail:yapa@sut.ac.th
2chpartment of Chemistry, Mahido! University, Bangkok, 10400 Thailand

In the present study, the effect of particle sizes of vetiver grass on shear-induced
crystallization of vetiver grass-polypropylene (PP) composites was investigated. The vetiver
grass was prepared into two forms: a) vetiver fiber, which its average length and aspect ratio
was 0.82 mm and 6.15, respectively and b) vetiver powder, which its mean particle size wag
57.48 pm. Vetiver grass was treated with alkaline solution prior to use'?. The alkali-vetiver
grass was then mixed with PP using an internal mixer. The ratio of vetiver grass to PP matrix
was fixed at 20:80 '(w/w). Injection molded vetiver grass-PP composites were molded by
injection molding. Vetiver grass-PP composites were cut by a microtome to obtain a thin film
with the thickness of 50 pym. The morphology of the specimens under polarized optical
microscope revealed a distinct skin-core morphology due to the shear-induced crystallization
of the samples (Fig 1). Normalized thickness of skin layer was calculated by using following
equation:

. . . or _ Skin thick ness
Normalized thickness of skin layer (%0) = Total thickness of test specimen x 100

It was found that the normalized thickness of skin layer of neat PP was higher than
those of vetiver fiber-PP and vetiver powder-PP composites (Fig 2). Differential scanning
calerimetry (DSC) of the samples at various depths (Y) in the gapwise direction (H) was
obtained by heating the samples from 25 to 200°C with heating rate of 10°C/min (heating
scan) and then hold at 200°C for 5 min to remove thermal history of sample. Afier that, the
sample was cooled down to 25°C with cooling rate of 10°C/min {cooling scan). DSC curves

of the core region (Y/H=0) exhibited more obviously multiple and broad than those of the

skin (Y/H=1) as shown in Fig 3-4. This indicated that several crytallogrphic forms could be - :

taken place in the core, Moreover, the lower crystallization temperature was observed in the

presence of vetiver grass in the composites (Fig 5-6). These results implied that vetiver grass -4

interrupted crystallization process in the composites. This also led to the lower degree of
crystallinity of vetiver fiber-PP and vetiver powder-PP composites compared to neat PP (Fig

7). Moreover, the crystallinity distribution through gapwise direction of the samples was not %

observed. The degree of crystallinity of vetiver fiber-PP composite was slightly higher than gt

that of the vetiver powder-PP composite. This situation is possibly due to the more suitabl
surface topology of vetiver fiber for nucleation.
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Effcet of Processing Conditions on Crystallization of Vetiver Grass-Polypropylene Composites

Usa Somnuk’, Prance I’hin_vocheep:, Nitinat Suppakarn'.
Wirmonlak Sutapun', and Yupaporn Ruksakulpisat'
i Sehoot of Pelymer Engincering, Suranarce University of Techology, Nakorn Ratchasima, 3ii00 Thailand

2 Department of Chemistry, Mahido! University, Ranghkok, 10400 Thailand

Abstract

Cunponiies of ssotactic polypropylene (PP ang  ~tiver grass were prepared by injecuon moiding. A distinct
ikin layer duz to the shear-induced crystallization of the samples was observed. The influen~= of nrocessing
wonditions on the narmalized ihickness of «kin laver was investigated. Also. the crvstalhnity distributicrn
lhroughout the thickness direction of samples wes elocidated. Resulis indicated that mjectivn speed and mola
Lmnecsture affected the normalized thickness of skin layer and degree of crystallinity. Moreover, there was no

Distribution of %crvstallinity throughout the thickness direction of the composites.

Intraduction

Injection molding is one of the most ilportant processing operations o process pelvmeric products.  During
Ijection molding, the molten polymer (s subjected to high shear stress at th~ <avity wall which causes the
preferential onentatior: of the molecular chains. In the core of the moldings, the relaxation of the molecular chain
occurs due o the low shear stress and low ¢20ling rates.  As a result, a clear skin-core structure composed of a
#rface skin layer with a high molecular orientation and an inner core layer composed of spherulites with a low
wolecular orientation is observed. Although, the sheai-induced crystallization of PP has already been well
inderstood 'Y, the shear-induced crystallization of polymer composites has not been studied so far. In the
present study, it is iutended to evaluate the influence of processing condilions on shuar-induced crystallizatinn,
degree of crystallinity, and crystuiliniiy disuibution of vetiver grass-PP composites.

Experimental Procedures

Veiiver grass was firsiiy washed by water to eliminate dirt and dried in an oven at 100°C for 24 h.  After that,
the prass was grourd by a Retsch grinder machine and sieved into the short vetiver grass fiber, The aspect ratio
of vetiver grass 1iber was 6.15 and its average length was 0.82 mm. Vetiver grasc was immerscy in a solution of
4% (w1) NaCH for 2 h at 40°C and the vetiver-to-solution ratio was 1:25 (w/v). ‘Lhe vetiver grass was then
Washer thoroughly with water and dried in an oven at 100°C for 24 h. A cc mmercial grade of PP, 700), supplied
Uy Thai Polypropylene Co., Lid. was used to mix with the vetiver grass. The mixing was parformed by using an
dnternal inixer (Haake Rheomix 3000P model 557-1306) a: 170°C.  The ratio of vetiver grass to PP matrix was
0% (wrw). After that vetiver grass-PP composite was ground and dried before molding. The vetiver grass-PP
Lomnposite specimens were molded by injection mnldine (Chuan Lili Fa Machine model CLF-807). Four
processing, parameters were varied i.e. screw speeds (65, 130, and 195 r.p.m), injection speeds (18.4, 46, and
:32.8 mnys), holding pressures (840, 1400, and 2240 kgfcmz) and mold teinperatures (25°C, 45°C, and 65°C).
Vetiver grass-PP composites wersa then cut perpendicular to Machine Direction (MD) aad parallel to Transverse
Direction (') at the conter of sample, Subsequently, the szmple was cut again throughout the ccater plane of
the sample by painlleling to MDD by using Rotary Microtome (RMC medel MT »60) into a thin film of 50
um-thickness. The morphelogy of the specimens was investigated using a Polarized Optical Microscope (Nikon:
model Ezlipes E600 POL). Normalized thickness of skin layer was determined by using the following equation:

Normalized thickness of skin layer (%)
_ Skin thickness 100 (1)
Total thickness of test specimen

(168 ]




Differential scanning calonmetry (DSC) of the samples at various depths (Y} in the thickness direction (H)
was uidained by cutting the samples by Rotery Microtame nto a thin film of 50 um-thickness, approximately.
the denth of sampic was varied into fous zoaes. which were referred to the differen. Y/H value.  The Y/H value
wias ranged from 0-1. In a case of Y/H=1.1t 15 referred 1o the skin of sample whereas in case of Y/H = 0 is
relerred to the core of the sample {center). The weicht of cach specimen was approximately 5 mg. Then, these
spectmens were used (o micasure the derree of crvstallimity by DSC (Meitler Toledo Version STAR® SW 8.1).
The sample was heated from 25°C 1o 200°C with heating rate of 10°C/min. The degree of crystallinity (X.) was
determizied by using the following equation ',

Ah,
AFTW

X, % Crvaralhnnyy = *®1l (L)
where AH; is the arca under the cryvstallization (.ak. AH, is the latent heat of fusion of a 1067 crystalline PP

(207.1 Fe"'y and W is the weight fraction of PP in the composite.

Results and Discussion

A wstinet skin layer due 10 the shear-induced crystailization of vetiver yi.0ss5-PP composites was observed. The
normalized thickness of skin layer of both PP and vetiver grass-PP composites very slightly decreased + ith
increasing screw speed. This is because the amount of shear increases. As a result, shear heating (fast flow
velocity) could possibiy minimized the growtl, of skin layer as observed at higher screw speed. Furthermore, it
was revealed that both normalized thickness of skin layer of PP and vetiver grass-PP coiposites gradually
increased when holding pressure increased up to 1400 kg/cm™. Afier that it remained unchanged. An increase in
holding pressure resulted in the retardation of molecular relaxation. Consequentiv, the shear induced molecular
orentation had o enough time to relax. This caused higher normalized thickness of skin layer at highér holding
pressure. V

Moreover, normalized thickness of skin layer of both PP and vetiver grass-PP cumposites decieased with
increasing inj2ction speed. However, the effect of injection speed on skin layer thickness had cuntributions frum
both (he extnt of shear (increase with increasing injecticn. speed) and the shearing time (increase with
decreasing injection speed). In this study, it was found that the sheang time showed much more influence on
the development of skin layer than the extent of shear. Hence, at higher injection speed, the shearing time was
lower resulting in thinner skin 'ayer. Finally, it was shown that the skin layer thickness of boii neat PP and
vetiver grass-PP cormposites demeased with increasing molu temperature. Generaliy. an increase it moid
tempcrature leads to a less urientzd material due to the possibility for a more refaxation. ‘This restlt showed a fair
agreement with Fujiyama ¥, Kim et. 21, and Cermék et. a1’

When compared to PP, vetiver grass-I'P composites showed lower normalized ihickness of skin leyer. This
may be due (0 the vstiver grass acting as an obstruction to the normal flow of the inelt. As a result, the molecular
crientation of vetiver grass-PP composite was less than tiat of PP leading to ihe thinner thickness of the skin
layer. It was noticed that vetiver grass-PP composites exhibited more obviously multiple and broad endotheims
in the core layer than those in the skin layer. This characterisiic can also be observed in every processing
condition. It implied that the presence of several crystallographic forms cou!d be taken place in the core.

lowever, the processing conditions had no influznce on the cndothermic curves and the m=iting temperaturc
rangés of the composites.

Gapwise crystallinity distribution at the midway of moldings of vetiver grass-PP composites at varicus
processing conditions revealed that screw speeds and holding pressures had no effect on degree of crystallinity
of the composites. In contrast, injection speed and mold temperature slightly affected the degree of crystallinity
of the composites. Slightly higher values of %crystallinity were observed when injection speeds and mold
temperatures increased. This could be suggested that in case of increasing injection speed, the melt temperature
was possibly increased from the extent of shcar. Hence, the polvmer molecules exhibited Jonger relaxatica time
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lcading to an increasc in % crystaltization of the composites. In case of moid iemperature, 2n increase is mold
lemperature (or decrement in cooling rate) led to the higher mielt tempoiaiie, As Lo et degree of erystalliaity
of the composites increased according 1o i increase in reiznation ime of polymer cluens. This ohservation
showed a similar resuli with Li et. al ' In addition, it was inleresting 1o point cut that there wus No fapwise
crystallinity distribution at the midway of motdings for all specimens. Ti... phenomenon can be al=o observed in

the case of PP stadied by Isavev et al '™,

Conclusions

An obvious skin layer due 1o the shear-induced crystallization of PP and vetiver grass-PP composites was
observed. The normalized thickness of skin layer decreased with increasing injection speed and mold
teruperature. The presence of vetiver grass in the compos.ics inlerrupted the molecular creintation as revealed
tfrom lower normalized thickness of skin Yaver compared te wat of neat PP, Furthermoie. the injection sp ced and
mold temperature affected the degree of crystallinity of the composites. An interesting noticeable result showed
no distribution of degree of cryvstallinity at the gapwise direction.
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slract; This research aimed to study the microstructures and mechanical properties of ALOy+ 40Wt%TiO,
sugs reinforced by 1, 5, 10 and 15 wt% of SiC-AlLQ,C nanofibers. The nanofibers were prepared by a curmrent
jing technique and then mixed with Aj,O5+40 wi%TiO, powders before being sprayed using a flame spray
Wique to form coatings, Physical properties, microstructures, chemical composition, hardness and wear
miance of the composite coatings were then characterized. The results showed that the porosity, the hardness and
swear resistance increased as increasing the content of the SiC-Al(O,C nanofibers. The best condition was the
ding contained 15 wi% of SiC-Al,0,C nanofibers, the hardness and the wear resistance were increased about
%and 32% respectively comparing with the unreinforced coating.

R6-COMPARISON OF RHEOQOLGGICAL PROPERTIES AND MECHANICAL PROPERTIES OF
ILYPROPYLENE COMPOSITES FROM VARIOUS TYPES OF NATURAL FIBERS

‘mpom Ruksakulpiwat*, Jongrak Kluengsamrong, Usa Somnuk, Wimonlak Sutapun, and Nitinat Supakarn

ol of Polymer Engineering, Suranaree University of Technology, Nakhon Ratchasima,(Thailand. E-mail

5 i MG,
lress: yupa@ecs.sut.ac.th A9s

dsfract: Polypropylene (PP) compasites from various types of Thai natural fibers were prepared by injection
widing. Natural fibers used in this study are rossells, sisal and vetiver grass. The effect of fiber contents on
uhanical property of the composites was studied. Comparison of rheological and mechanical properties of the
ampeattes from various types of natural fibers was efucidated. When compared to PP, PP composites from rossells,
ot and vetiver grass exhibited higher tensile strength, yield stress and Young’s modulus but lower impact strength.
loreover, polypropylene composite from vetiver grass exhibits highest viscosity and tensiie strength while
sipropylene composite from rossells exhibits highest Young’s modulus and impact strength.

I17-EFFECT OF PROCESSING CONDITIONS ON SHEAR-INDUCED CRYSTALLIZATION OF

ETIVER GRASS- POLYPROPYLENE COMPOSITES AR
Somnuk', Wimonlak Sutapun’, Nitinat Supakarn’, Pranee Phinyocheep® and Yupaporn Il\uksakulpiwat'
School of Polymer Engineering, Suranaree University of Technology, Nakhon Ratchasima, 30000 Thailand

=mail address:yupa@ccs.sut.ac.th

‘Department of Chemistry, Mahidol University 10400 Thailand

Abstract: The shear-induced crystallization of injection molded vetiver grass-polypropylene composites was
mvestigated. A distinet skin layer due to the shear-induced crystallization of the samples was observed. The effect of
poesszing conditions on the normalized thickness of skin layer was studied. Tt was found that the normalized
Hekness of skin layer decreased with an increase in injection speed and mold temperature. However, the screw
weed and holding pressure slightly affected the normalized thickness of skin layer. Compared to polypropylene,
wiver grass-polypropylene composites showed lower normalized thickness of skin layer,

B030-PREPARATION OF CROSS-LINKED CARBOXYMETHYL CASSAVA STARCH FOR THE

ADSORPTION OF HEAVY METAL IONS .
fasinee Hemvichain, Phiriyatorn Suwanmala and Masit Sonsuk
Chemistry and Material Science Research Program Office of Afoms for Peace, Bangkok 10900 Thailand

Abstract: Cassava starch (CS) was cross-linked with sodium trimetaphosphate (STMP, 5% w/w based on dry
fiirch). The cross-linked cassava starch (XLCS) was then carboxymethylated with sodium monochloroacetate
(S8MCA; 5, 10, 15, 20, 25 and 30% w/w based on dry starch). The characterization of the cross-linked
@rhoxymethy] cassava starch (XLCMCS) was performed by FTIR, TGA and DSC. The removal efficiency of
bevy metal jons was investigated by dispersion of XLCMCS in aqueous solutions of heavy metal ions. The
XLOMCS-metal ion complex was filtered. The concentrations of heavy metzl jons, before and after the adsorption,
were determined by ICP-AES. The preliminary experimental results show that adsorption efficiency of heavy metal
fans from its aqueous solution is dependent on the amount of SMCA. The adsorption efficiency of heavy metal ions

Ibereased with an increasing amount of SMCA.

E8031-EFFECT OF CALCIUM CARBONATE ON MAKING NATURAL RUBBER FOAM
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Abstract: The shear-induced crystallization of injection molded vetiver grass-polypropylene
composites was investigated. A distinct skin layer due to the shear-induced crystallization of the
samples was observed. The effect of processing conditions on the normalized thickness of skin
layer was studied. It was found that the normalized thickness of skin layer decreased with an
increase in injection speed and mold temperature. However, the screw speed and holding pressure
slightly affected the normalized thickness of skin layer. Compared to polypropylene vetiver grass-
polypropylene composites showed lower normalized thickness of skin layer.

Introduction: Injection molding is one of the most important processmg operatlons to process
polymeric products. During injection molding, the molten polymer is subjected to high shear stress
at the cavity wall which causes the preferential orientation of the molecular chains [1]. In the core
of the moldings, the relaxation of the molecular chain occurs due to the low shear stress and low
cooling rates. As a result, a clear skin-core structure composed of a surface skin layer with a high
molecular orientation and an inner core layer composed of spherulites ‘with a low molecular
orientation is observed [2]. The shear-induced crystaliization of polypropylene (PP) has already
been well understood [3, 4]. In the case of the shear-induced crystallxzatmn of polymer composites
has not been studied so far. :

Methodology: Vetiver grass was firstly washed by water to eliminate dirt and dried in an oven at
100°C overnight. After that, the grass was ground by a Retsch grinder machine and sieved into the
particle range of 250-300 micron. The vetiver grass was immersed in a solution of 4% (wt) NaOH
for 2 h at 40°C and the vetiver-to-solution ratio is 1:25 (w/v). The alkali-vetiver grass was then
washed thoroughly with water and dried in an oven at 100°C for 24 h. The aspect ratio of alkali-
vetiver grass fiber is 6.155 = 1.948. A commercial grade of isotactic PP, 700J, supplied by Thai
Polypropylene Co., Ltd. was used to mix with the vetiver grass. The mixing was performed by
using an internal mixer (Haake Rheomix 3000P model 557-1306) at 170°C., The ratio of vetiver
grass to PP matrix was 20% (w/w). After that vetiver grass-PP compound was ground and dried
before molding. The vetiver grass-PP composite specimens were molded by injection molding
(Chuan Lih Fa Machine model CLF-80T). Four processing parameters were varied i.e. screw speed
(65, 130, and 195 rpm), injection speed (18.4, 46, and 82.8 mm/s), holding pressure (840, 1400, and
2240 kg/cm?) and mold temperature (25°C, 45°C, and 65°C). Vetiver grass-PP composites were

then cut perpendicular to Machine Direction (MD) and parallel to Transverse Direction (TD) at the
31st Congress on Science and Technology of Thaifand at Suranares University of Technology, 18 — 20 October 2005



center of sample. Subsequently, the cut sample was cut again throughout the center plane of the
sample by paralleling to MD by using Rotary Microtome (RMC model MT 960) into a thin film of
thickness of 50 micron. The morphology of the specimens was investigated using a Polarized
Optical Microscope (Nikon: model Eclipes E600 POL). Normalized thickness of skin layer was
determined by using the following equation:

Normalized thickness of skin layer (%) = (Measured skin thickness/Total thickness of test specimen) x 100

Results, Discussion and Conclusions: It was found that normalized thickness of skin layer of both
PP and vetiver grass-PP composites very slightly decreased with increasing screw speed according
to Figure 1 and 2. Since screw speed refers to the rate at which the screw turns backward to
accyymulate the melt for the next injection shot. Some of the heat necegsary to plasticize the plastic
comes as a result of rotating the screw; the faster it is rotated, the higher, in general, is the melt
temperature. This is because the amount of shear increases [5]. As a result, lessen shear from lower
flow velocity leads to an increase in the skin layer thickness as observed at lower screw speed [2].
Moreover, normalized thickness of skin layer of both PP and vetiver grass-PP composites decreased
with increasing injection speed according to Figure 3 and 4. The injection speed refers to the speed
nf mold filling that is when the screw is acting as a ram. Thus, the injection speed controls the shear
rate level imposed to the material during the filling stage. Nevertheless, it was found that the effect
of injection speed on skin layer thickness has contributions from both the extent of shear (increasing
with increasing injection speed) and the shearing time (increasing with decreasing injection speed)
[6]. At higher injection speed, the shearing time is lower resulting in thinner skin layer.
Furthermore, it was found that both normalized thickness of skin layer of PP and vetiver grass-PP
composites gradually increased when holding pressure increased up to 1400 kg/cm?® (50%). After
that it remained unchanged (Figure 5 and 6). Increasing holding pressure results in the retardation
of molecular relaxation and an increase in degree of cooling {1]. Consequently, the shear induced
molecular orientation has no enough time to relax, originating the development of a highly oriented
skin layer. Finally, it was shown that the skin layer thickness of both neat PP and vetiver grass-PP
composites decreased with increasing mold temperature (Figure 7 and 8). Generally, an increase in
mold temperature leads to a less oriented material due to the possibility for a more relaxation [1].
This result shows a fair agreement with the studies of Fujiyama [7], Kim et. al [8], and Cerm4k et.
al [9]. In addition, when compared to PP, vetiver grass-PP composites showed lower normalized
thickness of skin layer, This may be due to the vetiver grass acting as an obstruction to the normal
flow of the melt. As a result, the molecular orientation of vetiver grass-PP composite is less than
that of PP leading to the thinner thickness of the skin layer.

Acknowledgement: The authors wish to thank The Thailand Research Fund and Suranaree
University of Technology for the financial support to this project.
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(b)
Figure 1: Optical micrographs (10X} of vetiver
grass-PP composites at various screw speeds (2)
65 rpm, (b) 130 rpm, and (c) 195 tpm.
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Figure 2: Effect of screw speed on normalized
thickness of skin layer (%) of PP and vetiver
grass-PP compasites.

(a) ®) ()
Figure 3: Optical micrographs (10X) of vetiver
grass-PP composites at various injection speeds
(a) 18.4 mm/s (b) 46 mm/s, and (c) 82.8 mmv/s.
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Figure 5: Optical micrographs (10X) of vetiver
grass-PP composites at various holding pressure
(a) 840 kg/cm?, (b) 1400 kg/cm?, and (c) 2240
kg/cm®. , '
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Figure 7: Optical micrographs (10X) of vetiver
grass-PP  composites . at  various mold
temperatures (a) 25°C, (b) 45°C, and (¢) 65°C.
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COMPARISON OF RHEOLOGICAL PROPERTIES AND MECHANICAL
PROPERTIES OF POLYPROPYLENE COMPOSITES FROM VARIOUS TYPES OF
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Abstract: Polypropylene (PP) composites from various types of Thai natural fibers were
prepared by injection molding. Natural fibers used in this study are rossells, sisal and vetiver
grass. The effect of fiber contents on mechanical property of the composites was studied.
Comparison of rheological and mechanical properties of the composites from various types
of natural fibers was elucidated. When compared to PP, PP composites from rossells, sisal
and vetiver grass exhibited higher tensile strength, yield stress and Young’s modulus but
lower impact strength. Moreover, polypropylene composite from vetiver grass exhibits

highest viscosity and tensile strength while polypropylene composite from rossells exhibits
highest Young’s modulus and impact strength.

Introduction: Natural fibers play an important role as reinforcing fillers in polymer
composites especially in European country due to the environmental concern.The advantages
of natural fibers over synthetic fibers are low cost, less tool wear during processing, low
density, environmental friendly and biodegradability [1-2]. Thailand can be considered as a
significant resource of natural fibers. However, the attempt to use natural fibers in polymer
composite in Thailand has not much been reported [3-5]. The natural fibers used in this study
are rossells, sisal and vetiver grass. Rossells and sisal are planted tremendously in the
northeastern part of Thailand while vetiver grass is found growing in a wide range of areas.
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Methodology: Rossells, sisal and vetiver grass was washed by water to eliminate dirt and
dried in an oven. After that, they were prepared into the length of 2 mm. The aspect ratio of
rossells, sisal and vetiver grass was 33.68, 12.15, 6.15, respectively. The vetiver grass was
immersed in a solution of 4% (wt) NaGH for 2 h at 40°C and the vetiver-to-solution ratio is
1:25 (w/v). The alkali-vetiver grass was then washed thoroughly with water and dried in an
oven. The rossells and sisal fibers were treated as follows, The fibers were weighed about
700 g and put into a reactor. The 10 liters methanol/benzene mixture (1:1) was then added
into the reactor (liquor ratio of 15:1). The reactor was heated to 80°C for 3 hours. After that,

the rossells and sisal fibers were immersed in 2% (wt) NaOH solution for 2 hours, washed by
water, and dried overnight in an oven. A commercial grade of isotactic PP (700J) supplied
by Thai Polypropylene Co., Ltd. PP was mixed with each natural fiber in an internal mixer
(model Hakke Rheomix Polylab) at 170°C. A Chuan Lih Fa injection machine (model CLF
80P) was used to prepare the composite specimens. Tensile properties of vetiver-PP
composites were examined using an Instron universal testing machine (model 5565). Izod
impact strength of unnotched composites was examined using an Atlas impact testing
machine (model BPI). Shear viscosity at various shear rates of PP and PP composites was
measured using a Kayeness capillary rheometer (model D5052m) at 180°C.

Results, Discussion and Conclusion: It was shown that viscosity of rossells-PP composite
slightly increases with increasing rossells contents (according to Figure 1). From Figure 2,
the values of viscosity at various shear rate range of polymer composites are higher than that
of PP. Polypropylene composite from vetiver grass exhibits highest viscosity. While the
viscosity of rossells-PP composite and sisal-PP composite show no difference. When
compared to PP, PP composites from rossells, sisal and vetiver grass exhibited higher tensile
strength, yield stress, and Young’s modulus but lower impact strength according to Figure 3-
6, respectively. As the fiber content increases, all composites exhibit higher Young’s
modulus but lower impact strength. Moreover, vetiver-PP composite exhibits highest tensile
strength while rossells-PP composite exhibits highest Young’s modulus and impact strength.
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Figure 1. Flow curves of rossells- PP
composites at various ratio of rossells.
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Figure 5. Young’s modulus as a function
of fiber contents of PP composites from
rossells, sisal and vetiver grass.
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Figure 2. Flow curves of PP and PP
composites from rossells, sisal and vetiver

grass.
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Figure 4, Yield strength as a function of
fiber contents of PP composites from
rossells, sisal and vetiver grass.
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Figure 6. Impact strength as a function of
fiber contents of PP composites from
rossells, sisal and vetiver grass.
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