CHAPTER III

EXPERIMENTAL

3.1 General Information

3.1.1

5 Perkin Elmer 1430.

pectrometer ; Joel,
Pump : Water

: Water 410,

h 1 ml1  loop, Recorder:

tier Model 281.

\ 60, Australia.
Ealysis H Shimadzu
«Thermal Analysis, Instrument DT-30.

ﬂ uﬂl”% §or - 1rlhhsfor|Therated |spectophotoneter 3

Perkin - Elmer mode 1720.
AR ﬂ@@ld%ﬂ@ﬂ WYY o

PE-45-AV.

- Ubbelohde Viscometer ; Schott Gerate ; K = 0.01

'~ Medium Pressure Mercury Lamp ; Phillips 125 W.

- Efxposure Equipments, as recommended in ASTM
D1435.

- Weather Cabinet.

- Ultrasonic ; Branson 2200

- Micrometer ; Mitutoyo code no. 7301.
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3.1.2 Chemicals and Materials
Dimethylamine hydrochloride SIGMA
Paraformaldehyde : MERCK
Acetophenone FLUKA
Conc. hydroc MERCK
MERCK
(AIBN)

MERCK

J.T. BAKER
FLUKA

J.T. BAKER

yethylene :
th 43 s identified as Polene
grid.e A3355 su 11ed by Thai  Petrochemical

ﬂuﬁ‘%"ﬁﬁlﬂﬁ WeIN3

Physical pro‘pert.les of Polene A3355 are listed in

amaw*smummmaa
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Table 3.1 Physical properties of Polene A3355 (HDPE)
Physical Property Test Method Unit A3355

(HDPE)
Melt Index (2.16 Kg/190°C) ' D1238 g / 10 min | 0.06
Melt Index (5 Kg/190° A'\ g / 10 min| 0.25
Density g / cm3 0.950
Tensile S’crength—-—"‘“ 1 ‘“msﬂ... N / on” > 40
Yield Strengt - , N / mm” > 28
Ultimate Elongati | 73 D6 % > 1700
Ball Indentatio 54 [ DN \83456 | N /mn® > 45
Notched Impact Stpeng N mJ / mm- ¥ 42

3.2.1 Synthesis of Phenyl, Vinyl Ketone (PVK) Monomer [193

AUEINENINEING

3.2.1.1 Synthesis of.ﬁrblmethylamgﬁgproplophenone

ARI1ANN I

52 g (0.652 mole) of dimethylamine
hydrochloride, 20 g (0.66 mole) of powdered paraformaldehyde and

60 g (48.6 ml, 0.50 mole) of acetophenone were added' to 500 ml
round-bottomed flask attached to a reflux condenser. 80 ml of
ethanol which 1.0 ml of concentrated hydrochloric acid had been
added was introduced to the flask. The mixture was refluxed for

2 hours. After the reaction, the solution was poured to a 1000 ml

1A% 2 015
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beaker, 400 mnl of acetone was added to the solution and left in
a refrigerator overnight. The crystals were filtered, washed
with acetone and dried for 24 hours at 80-90 C . The crude
product was recrystallized by dissolving in 100 ml of hot ethanol
and 250 ml of acetone was added to the solution. The solid was
separated by suction filtr

')n and dried at 80-90 ¢ for 24

W

“
. 2 : s of A=biucthylaninopropiophenone

hours. The yield was 65%,

%m\\ Vinyl Ketone (PVK)

21.4 g 0.1 mole)

of & -dimethylaningpr pf?e ' 4, lo ides iani= 0,2 ‘2. of
dhi e idd

hydroquinone was ad@e ’@@ 1004 ‘i; ecked. round bottomed

- X Fi 3 1
flask. The mixture flas NEETTTE nder reduced pressure at 2
torr; a few crystals of ™  was added to the receiving

flask. The crude 0-G5 C. Pure phenyl

vinyl ketone wa F——-‘...w by redistillz p 62~63 € "at *2

torr. The yleldﬂs

Y Homopolmerlzg.tlon of Phen)l Vinyl &:tonp (PVK)

FRIQNN I UNANYQY

The certain amount of phenyl vinyl ketone was
dissolved in benzene in a three-necked round bottomed flask and
AIBN, an initiator was added. The solution was purged with
ﬁitrogen gas for 15 min, then polymerization was carried out
under'nitrogen atmosphere at 50°C for 3 hours with stirring rate
of 70 rpm. After the reaction, the solution was poured into a
large amount of hexane to precipitate the polymer. The resulting

~polymers were then purified by redissolving in benzene and
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reprecipitation from hexane at least twice. The product was
white powder obtained with T¢ and MW as exhibited in Table 2.2.
Table 3.2 Molecular weight and glass transition  temperature

(Tg) of poly(phenyl vinyl ketone) (PPVK)

¥ PPVK AIBN
(batch) % mole)
a 0.9
b 150
C 11
d 1. 2
e 1.3
£ 1.8
* Polymerizat.f :‘ nonomer-benzene
mixture (v/v conta _ : on intrations of ATBN,

as initiator.

ﬂuEI’J‘ﬂEWlﬁWEﬂﬂ‘i

PPVK from batih a (hloher molecular \yelght MY 10°)

o QA TN TR PAINY ) co

for mMixing with HDPE.
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3.3 Characterization of Chemicals and Polymers

3.3.1 Infrared (IR) Measurement

Infrared (IR) spectra of chemicals and polymers

were recorded by using Perkip er Infrared Spectrophotometer

model 1430. The chem

nical pow examined by using KBr
method. The liquidsmolioners 'ﬁed as neat samples by
using NaCl cell @he"olynerts coul@™bengasted as films, then

directly examine

3.3.2 Nug dnetic. ce (AMR) Measurement

The spactra of monomers were .

taken by using Fouri spectrometer, Jeol, model

JNX-FX 90 Q. The sampl'. Qived in CDCl, to ﬁake the

solution of 5% eoncéntrat:

Ve ——

Difer ont 11 FHERRRY RIA 1) (OT4)
ﬂ U%Ta w@w %Wlﬂeq ﬂr‘g obtained with

heating rg“e of =10 C/m1n¢-and the s qltl\lt\ uf 10 uv  were

~ QW AR Bk e ﬂ o L

reliable glass transition (Tg) of polymers were obtained.

3.3.4 Gel Permeation Chromatography of Polymers

The molecular weight of polymers were determined
by using Gel Permeation Chromatography (Pump: Waters 5103
Refractive Index Detector: Water 410; Injector : Rheodyne with 1
ml. loop). 4 columns (104,105,106°A and CPD Linear Ultrastyragel




39

: Water) were used in serial combination. The samples were
dissﬁlved in tet.rahydrofuran (THF) as 0.05% w/v solution and
filtered through 0.2 m Nylon 66 filter. The recorder was
Ser\}oscribe 1 S. The GPC condition were:

sensitivity 4

scale factor

The calibration ¢ 1 ined From |t} e Master’s Thesis of

The |,ay,'—r:‘ : xg-‘ mixing PPVK with
high density pc@et.hy see Table 3.3) ﬁ a feed hopper and
then blow—ext.rudeﬂ ALy having temperatures at zones for HDPE as

R CLETE SR

zone ; 200 and Die zone H 210 C.

QW?Mﬂ'ﬁﬂJNW’]’JV]U’]ﬂH
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Takle 3.3 Data of HDPE film samples

PPVK . + thickness of

MW 7 percent, by weight films Gem)

0.01040.002

0.02040.002

0.0104£0.002

* The thicknéss of a: MiCroneter : Mitutoyo

no. 730%. m m

s ol HHANUNTNEYINT

QAR RTRIUNTNEY

Natural weathering of HDPE film (50x58 em’)  was
carried out according to ASTM D1435. The location of the
exposure site was Bangkok Thailand (latitude 13° 44( N and
longtitude 100° 34ﬂ E). The exposed surfaces of samples were
mourited on ASTM 45° rack, facing the equator as shown in

Figure 3.1. The exposure was started in April 1991 to July 1991

for 16 weeks.
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3.5.2 Artificial weathering

The samples (HDPE films 3 6x15 cm’) were
irradiated in an UV weather cabinet equipped with a medium
pressure mercury lamp (HPK 125 w) as shown in Figure 3.2-3.3, by

fixing on the sample holde

: dlst.ance of 15 cm around the
lamp. The irradiated /a

| m—

characterization.

FTIR spéctpd fof the Hi ' films wepe recorded by using -

fourier transfor; . redi-m| ster and were used for

A

a*.t‘gﬁ’f:t

following the changes 17 Gerbotgl 8 1. >C=0) at about 1715 cm

-‘ determined “by the
viscosity methg v onap@alene solutions and
calculated from Mapk-Houwink-Sakurada equation;

ﬂﬂﬂ?ﬂﬂﬂ'ﬁﬂﬂ’]ﬂ‘i

En: 1= (3.2)
wher

LN 1 = Intrinsic viscosity

k,a = Constant value that can be obtained from the

literature for a given polymer-solvent systeni

[21]1 as listed in Table 3.4
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Table 3.4 Constant value for viscosity average molecular weight

calculation [211.

PE | temperature (') | k x 10°ml/g) | a

HDPE 135 ‘ 62.00 0.700
W,

a 50 30 ml of

placed in an oil

. ool a o/

o W) O $pE8igd ¥iei) o Padbatphsbtnatene s
transferred into an Ubbelohde Viscometer (Figure 3.4) which was
permanently positioned in the oil bath (Figure 3.5) which was
kept constant at 135 C until the solution attained thermal
equilibrium (about 5 minutes). The liquid level was brought to
approximately 10 mm above the upper graduation mark on the
viscometer capillary. As the meniscus passed this point, the
timer was started and the interval for the solution to drain to

the lower mark on the capillary was tuned. The efflux time of
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the solﬁtion was measured at least three times. Three
consecutive readings should agree within 0.2 second. The

solution was then removed from viscometer.

In the same manner as decahydronaphthalene, three

consecutive efflux times o ample solutions were obtained.

- Augingninenns
RN ITUNNINEAE
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Fig. 3.2 Medium pressure mercury lamp
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