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Thesis Title Use of Zeolites as a Co-Thermal Stabilizer in PVC/Wood Sawdust Composites
Thesis Credits 15
Candidate Miss Kulnida Taptim
Thesis Advisor Prof. Dr. Narongrit Sombatsompop
Program Master of Engineering
Field of Study Materials Technology
Department Materials Technology
Faculty School of Energy, Environment and Materials
B.E. 2549
Abstract

Zeolites were used as a co-stabilizer in wood/PVC composites. The wood contents of 0, 50 and 100
phr of 100 PVC with varying dosages of Pb and Zn stearates and zeolite stabilizes of 2.4 and 4.8
phr. In addition, this work also studied the effect of Zn stearate and Zeolite ratio on the stabilization
of the wood/PVC composites. The wood/PVC composites were processed using a twin screw
extruder and then heated in an oven at 177°C for various times. The color changes and thermal
properties of the composite samples were monitored through a number of techniques, such as
Thermogravimetric Analysis (TGA), Fourier Transform Infrared Analysis (ATR-FTIR), UV-Vis
Spectrophotometer (UV-Vis) and Scanning Electron Microscope (SEM). The results suggested that
the Pb stearate, Zn stearate and zeolite could improve the thermal stability of PVC in wood/PVC
composites, and the Pb stearate was found to be the most effective stabilize by observing the CIE
yellowness index, lower rate of color change, and less polyene index production. However, the
decomposition temperature of Pb-stabilized composites was lower than that of zeolite-stabilized
composites. The addition of wood sawdust resulted in a decrease in the decomposition temperature
and an increase in the polyene index. The addition of zeolite in the composites resulted in
production of pores. Additions of Zn stearate and zeolite resulted in an increase in the
decomposition temperature, this being more affected by the zeolite volume. The composites with Zn
stearate /zeolite stabilizer had worse initial color, but less deteriorating rate under thermal ageing
condition. This work recommended the use of Zn stearate : zeolite ratio of 1:1 (or 2.4:2.4 phr).

Using zeolite of greater than 2.4 resulted in production of pores in the composite samples.

Keywords : Polyvinylchloride(PVC) / Wood Sawdust / Thermal Stabilizer / Composites
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Name Formula Typical PbO Content
tribasic lead sulfate 3PbO-PbSO,-H,0O 89.1
dibasic lead phosphate 2PbO-PbHPO,"1/2H,0 90.0
dibasic lead phthalate 2PbO-Pb(00C),C H, 79.8
basic lead carbonate 2PbO-PbCO,; 87.0
dibasic lead stearate 2PbO-Pb(OOCC ,H,;), 55.3

normal lead stearate Pb(OOCC .H,;), 29.0
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Zn(CH,C00), ——— +  27ZnCl, + C H,COOH

177735
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CH==CH—CH—CH, +  0.5[Zn(C,,H,,C00),]

Cl

—CH==CH—CH——-CH, + 0.5[ZnCl,]
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v Y Y
wa 9 1 9
M 2.2 manlSeuisuauiinues liiiesou tag 1diiie [9]

Properties Softwood Hardwood
Aspect ratio 4 3
Moisture absorption (times wt of fiber) 5.5 4
Acidity 4.7 5
Specific gravity 0.4 0.2-04
Ash content (%) 0.5 0.7

Bulk density (Ib/ft’) 7-17 11-12
Typical pH in solution 3.4 33-3.7
Moisture content (max, %) 8 3-7

wA d a
2.3.2 ﬁN‘Uﬂ!!ﬁ%ﬂﬁﬂﬂi%ﬂ@ﬂm@ﬁ!%ﬂiﬂﬁ‘iﬁu‘ﬂ1ﬂ
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annsotnnuldtumes Inwaradniniuszian liseuin (hydrophobic) ditafiasainmniaanu
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Foud (Yszanm 190 oaruwaiFod) inamsuenilaoonvinmes lunwaraaniigurgial 1414
a o w [ 4 a 1 o a 1
Tulsmadinaluiaquaumes Innwaraan Tasaruilsznounanlwdulesssumnall 4 dau Ao
magTaﬁ (Cellulose) Laﬁmagiaﬁ (Hemicelluloses) anuu (Lignin) a15ana (Extractives) Hazit
1 1 9J 1 a = 1 1 (%] oa.ll dy d‘ a
(Ash) d@ruiszneuaien vesldudassiavzisaaiuuanaanueen ld Neililoawnnnsila
[ 1 Y v
19 g0 unizlgn @n1nze1mis wazduq Taowsdiase ldinlavin lderawisililsuim
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arulszneunsil

23.2.1  1waglad (Cellulose)

Y
)

A a 4 A Y o Y v e Y
iaglaa AowoatnesnguAauid1iuldnuiii (hydrophilic glucan polymer) 15z nouA0

Y] 3 ] [l A 1 %
TasaasadidnvasiduaroTagnsaliinadiuveanyie 1,4- anhydroglucose & 4 1)
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Yo
Wiyleanogoan lansenda (alcoholic hydroxyl) Taswy laasonda i1 ldinanuse
09/’ ' A ¥y KX A I Id? a o

laTasiou nealunazszninluanadrenuianaduluanalvgiu nazinaiusziveg Taa

[ a v o 1 a o
frenudndie Junamssaduiulaseadrananisoninlulas 1wi3a (microfibrils) Taeiisns
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¥oImM 3N A 15 HFuNINAIN 30,000 ATUFITNHAVEUTUleFITUMATIT TN AR
19 g’ =\ Y2 = A 1 v o Yy =\ S I 4
Auih Tauiianuusedang nuaearinazaelaa Taowag Taalidszum 44-50 woesigua Tu

Ifiuda Taoligas Tnseardredsgli 2.11

HO OH

Non-reducing end Reducing end

Sometimes shown as

h
CHZOH CH:OH

HO
OH

51U 2.1 gasTassadumaniiveuwag Taa([9]

U

2.3.2.2 aaﬁwag‘laa (Hemicelluloses)

a . [ 2 Jd . 4
Lﬁm%ﬁgiﬁﬁ (Hemicellulose) Wunedynailsa (polysaccharide) #15nouAIY 5- 1Ay 6-
J :j [ qgj AA Y = 19 .

NuMIUMIUOU 2 IMaa ae il unuuduuazinanuaiv Taelinyios (side group)
A o Yy a 1 q =2 o Yo a ) a ° ' =
i Tvieliag Taa lidunan shilddasvesmsnedwe lsduveuaiivag laagdinai100 1
g’ o o @ 091 v <

wnin Twanad ansadniuih 1@ azaneluarsazarsanila uaglalaslad (hydrolyzed)

a 72 o by i

T8lunsa 1etiwag Taadilszuna 2025 nlesiua Tu'lduds dszneudretimaluanaied

a = Y v =
vangwia Tagligas Insaadensgili 2.12
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Jcety residus \
CH:@&\ =—— g0 methd a- D-glocuromd residue J\

m&w m&\ﬁ?‘ ’E:-;s/&\ﬁi?‘
|:| L arabinofuranosyl residus — HD/HDg'jDH

Softwood hemicellulose (galactoglucomannan)

oH  _OH
o

—  a~D-galacopyanosy esidus

%\@?&\wﬁﬂw

Graminaceous hemicellulose

510 2.12 gas Tnssadumaniivousiiag Taa[9]
2.3.2.3  andu (Lignin)
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CH,OH OH
Re ¢ OCH
"‘}cu : OCH,
CH,OH
do OCH,CHOM
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o .co
oCH, OCH,8 cH
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517 2.13 gaslassadramaniivesaniiufo]

2.3.2.4  msana (Extractives) #aztd (Ash)

o s ¢ 2 o A @
asana (Extractives) 3111 luiad)szuna 0-10 wlosidud Taeiwiin Usenoudirearsounsd
a [ @ = g’ ] ° I ~ a A J
wanvateyila lasasanainaziiivinluanad uaisidszneuiisoua1sounid
a 4 1
(oleophilic) 3ansaazateldluasazanedunsd Tudimveud (ash) 1lulfiassnm
S I 4 3’ o 9 = = A A = =1
0.2-2 wosikua lasiimiin Usnpudleunaden Tnunadey uunthdey Tafey uuanila

< 1 1 9) a [ d'
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M99 2.3 autlsznen tazauiia ludulesssumnao]

Component  %Composition  Polymeric Nature =~ Water Affinity  Degradation Role

Cellulose 44-50 Linear, Hydrophilic >200°C Strength
crystalline

Hemicelluloses 20-25 Branched, Hydrophilic 160°C

Reinforcement Amorphous

Lignin 20-30 Amorphous Hydrophobic 110°C Stiffness

Extractive 0-10 Polymeric Hydrophobic 100-200°C

Encrusting

24 569}?16%11/“371 (composite material)

241 AanunINguazaNtAveIaaneNINEN

(% (%

a A A a @ [V A o 1 d? o I Yo A
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Ingredients Concentration (phr)
Suspension PVC grade SIAMVIC® 258RB 100.0
Emulsion PVC grade SIAMVIC®374 MB 4.0
External lubricant (Finalux® G-741) 0.6
Calcium carbonate (CaCO,) (Omyacarb®-2T) 12.0
Processing aids (PA-20) 6.0
Wood Sawdust Varied (0, 50, 100)
Stabilizer (Zeolites, Lead stearate or Zinc stearate) Varied (0, 2.4, 4.8)
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