CHAPTER II

EXPERIMENTAL

2.1 Materials

¢9) Unplast1¢1zed poly (v1nyl chlorlde) powder' two samples
from Imperxal Chemical Industrles, Australla (labelled ICc1 1, ICI 2)
and three-samples from Thai Plastic § Chemical Co.; Ltd. Tha;lend:
(1Abe1_1ea;’ TP 1, ﬁ:'-z’,"ﬁ: _3‘)' .
@ retrahydro'furan- (Anazari, EDH) 99.5% b. p; = 65, 0—66 0° c
(3) Dioctyl phtha}ate (DOP) 5 (Analar) 98,0% b . 38
(4) 2-(2 -Hydroxy—S —methylphenyl) benzotriazole (TINUVIN P)
(CQmmereial)
{5} Pigments
| (5.1) Titanium dioxide (Anelar)
.(5 2). Carben black (commercial}
(é) Concentrated hydrochlorlc acid; . (Analar) 37 0/
() deium.ﬂydrexide' (Analar)'98.0A
(8) .Potassium hydrogen phthalate‘ (Analer) §9IQZ
(9) Delonlzed water prepared by double dlStlllatan of.tap
" water u51ng Double Dlstillatlon Warer Still Meodel 3/ DWS" manufactured
by Jame A_Jobling Co. Ltd., followed by deionlzatlon through the

"Elgastat type B 114" unit.

(}O) Oxygen free nitrbgen

2.2 ApParétus and‘Instrumehts
y Ubbelohde'viscometer

(2) Temperature control unit (ZSOC)
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(3) Conductometer (Metfqhm AG CH~9100 Herisau, Switzerland)
(h} Elecfrode;‘EAlGGg-C,(Metrohm AG CH-9100 Herisau, Swiézexu
land)
(5) The reaction vessel.
' (6) Quartz water—cooiedljégket
(7)'"Condu§tiﬁi£y méasufemént cell
-(8) _Ultraviqlet—ZéOvSﬁimadzu UV-Visible SpeCtrophdtémetet with
lo_mm—mgtched éuartz cell 7 |
{9) - shimadzu IR—#&O Infrared Sﬁéétroph&to@eter-

{10)_Medium ;?ressuregmercu:y tamp (Philips 125W}

2.3 éyéragg molecular weight determination of PVC sample
_An appropriate'quantity_of tEtrahydrofu;an (16‘ml)-was'iﬁtro-
duced into the viscometer which is sufficient to fill the suspended-

" level bulb; FIGURE 2-1, Then it was clamped vertically in the water :

] Subsidiary . bub
Upper mark | i
Timing bulp

+=tilower mark

Suspended-level bulb — —- \

FIGURE 2-1 Ubbelohde viscometer
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‘bath which was kept constant at.Zsoc;until the solution attained
.thermal équilibrium (about 15 minutes). Copsequently tetfahydrofuraﬁ
was dr#wn into subsidiary bulb and flowed freely. The time, referred

as flow time, was recorded between the’point at which the minicus of
tetrahydrofuran passed the upper mark and the lower mark of ubbelohde
viscometer. The measurement of flow*tlme was repeated three tlmes v
_before the solvent was, removed from viseometer.  The viscometer was thép
- clean and dried by passing. @ stream ofdust-free air through it.

“TABLE 2-1 shows the flow tlme of tetrahydrofuran accordlng to the'

. viscometer used_ln this' reSearch work.

' TABLE 2-1 Flow ﬁime of tetréhydrbfﬁran;

No. of rum Flow time; to (sec)
1T pe— - 99.00
. YT T e
3 B
:AVErage flbﬁﬁtimé = 99,13

'Each PVC saﬁplé was wéshed'witﬁ méthanol Bfldsiné liqui&—édljd

extractlon néthéd for 1 day Then |\ it wés dried at-SbOC The solution
- of prewashed PVC v1n tetrahydrofuran (0 4000 g.dl” } was prepared

and 1ntroduced 1nto the v1scometer In the same manner as tetrahydro-

furan three successive flow time of the first PVC solution was
recorded It was then d11uted,by oddlng 2 ml of tetrahydrofuran ‘into
the PVE solutlon in the v1scometer After thoroughly mixing the
_concentratlon of PVC solutlon was changed to 0.3556 g.dl ;. Similarly

the PVC solution of 0.3048 g.d1™ ' and. 0.2667 g.d1"} yere obtained
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by adding 3 ml and another 3 ml of tetrahydrbfuran into the previous
pPvC solut1on, respectively. The flow time of each new PVC solutlon
was measured threc times in succession. The whole nrocedure was
repeated for all samples. The flow times and the average floy time
.qf cach PVC'samplelusing‘the samé viscomgter are exhibited in TABLE

- 2-2 to 2-7.

V‘TABLEVQ—Z Flow time of PVC-ICI 1'$olution'at'varibus concentrétions, '

Concentratlon C ) Flow_timé; #'(secj‘i ) .
(g-d1h) yy/ AR | G | 1IT AQerage

| 0;2667 © / /] |-118.60 | 119:50 119.50 | 119.60
0.3048 4 1 S122060 | 122,70 | 122.50 122.60
,0,3556" SO 126,700 | 126.65 | 126.65 ' 126.65
0.4000 DS is0.25.] 130.30 | 130.20 L:}3Q.25

-_'TABLE 2-3 Flow time of PVC-ICI 2,éolﬁtion at various concentxations
. : o .

' Flow time; t (sec
‘ Concentratlon' € o T .(_. )

(e: di7h o R I | ; It 'IiI .Aﬁerége
02667 _ 1 133.10 |=133.33 | 182.50 | 132.98
0.3048" | | © 0l dazgloo ! {0 137.80 138.00 | 137.93
0.3556 145.10 | 144.60 | 145.00 | 144.90
10,4000 | is1.20 | 150.40 | 150.65 | 150.75
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TABLE 2-4 Flow time of PVC-TP } solution at various concentrations.

'Conéentration; C ‘ Flow time; t (éec)
(g.d}‘l) I 1L 11T | Average
0.2667 119.50 119.45 119.50 | 119.50
0.3048 922.40 | 122.26 | 122.33 122.33
0.3556 126,404 126.10 | 126.20 | 126.10
b.aooo' - 129.24 '129,i9_ 129,17 | 129.20

TABLE 2-5 Flow timelof PVE-TP 2 solution at wvarious concentrations.

Coﬁéentration; CF I oW, time tnééécj.
(g.d1-1) I g1 III Average
0.2667 132,750 132.68 132.70 132.70
©0.3048 138,00 1. 138.00 | 138.00 | 138.00
" 0.3556 144 40 | 1445300 | 144.35 | 146.35
0.4000- | 150.20 | 150.35 15035 1150.30;

TABLE 2-6 TFlow time-of ‘PVC-TP-3 solution'at various concentrations.

A AIE _“  - Flow tiﬁé;‘trtée657 
(g-a2h) 1 1T 111 . | Average
0.2667 132,75 | ;32.68v 132.70 | 132.70
0.3048 138.00 | 138.00 | 138.00 | 138.00
0.3556 146,40 | 146.30 | 144.35 | 144.35 |
'0.4000;': 150.20 | 150.35 | 150.35 £50;3o
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2.4 Typical procedure for the photodegradation study

A 200 ml of the PVC solution (or tetrahydrofuran) was placed in
the reaction vessel (FIGURE 2-2) containing a magnetio bar. The light
beam from IZS—W medium-pressure mercory‘lamp was passed through therr
quartz water—cooled jacket, inserted in the reaction vessel, to remove
the 1nfrareo .1rradlation.» The nitrogen gas (or oxygen gas)_was‘
_bubbllng through the solutlon via the inlet of the reaction vessel whlle
the outlet»Was connected_to‘the 2as d1spersron tobe'f1xed ln_the_conduc-
tiﬁity meaSurement celd” | | |

Usually, a fdne stream of nltrogenrwas passed through the
solution of vanadous chloride solut10n(27) for complete removal of
“oxygen. it was then bubbling through the PVC solutlon 15 minutes before_,'
1rradlar10n to scavengeloxygen gas that mlght ex1st in the solution.
Dur1ng,1rrad1at10n, nitrogen flow rate (100 ml, min ) was kept constant -
by controlllng with a gas flow meter, |

Thus hydrochlor1c ‘acid produced from the PVC photodegradatron
would be carried from the PVC solution im the reaotlon vesse1,1nto the
delonlzed water in the conduct1v1ty meesurement cell by nrtrogen gaS..

In order to dlsperse gas thorOUghly, the solutlon was kept stlrrlng
durlng photodegradatlon. The electrode was flxed in the conduct1vity"
measurement cell contalnlng 80rml of delonlzed water and | connected to.

. the oonductometer* where the conduct1v1ty could be reed out at any time.

 All the reactlons were therefore followed by the conductometr1c measure—_

The condition of potentiometer
potentiometer 'temp." : £ 30.0 C
potentiometer '"cell const." 1.02 cm

potentiometer_"temp;‘coeff." 1.0 %K
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FIGURE 2-2 Apparatus for the photodegradatioh study
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ment of hydrochlori¢ acid produced.

Therphotofeaction apparatus and the conduetivit§ measurement
céil were set up in the fixed position in the black box so that ultra-
violet Iight exposure to the outside could be protected. After a
cértain'length_of time, the reaction was stopﬁed.. Thefreaction vessel
the_quértz water-cooled jacket and the conductivity ﬁeasu;ement,éeil_,
were thqropghly cleangd'an& dried before the nexﬁ reaction will be
‘¢arried éuti-’In'QOme cases, a portion-of the reactioﬁvsélution was frans;
 fered into the petri dish.and let dry‘gt L OOm tempexéture. .The thin

film was finally fqrme& and was spectroscopically determined.

2.5 Prelimiﬁaryus;ddy-of éhotodegradationnéf PVC

The PVC-ICI 1 solution (2.0 g.dl—l) was prepared by slowly
adding,l0.0 g of PVC-ICI lrin tetrahydrofuran which was rapidly stirred.
during addltion._ When ali the polymer had dissolved the:volume was‘made
'up to 500 ml. by addition of tetrahydrofuran.ﬁlzoo ml of this solutlon
" was placed in the'reactién>vessel ‘and the apparatus set up was connected a§
'mentioned in SECTION 2. é The water was run into tﬁe Quartz watere.
cooled Jacket and -maghetic stirrer vas turned or at the certain sPeéd* .
'_The nltrogen gas flow féte was. 100 ml. min 1%* . After 30 mlnutes of
purging the solutloA with nitrogen gas, the.door of the blaek ‘box was
elosed and the lamp was turned om. | The conductiv1t§ Was read and
?ecorded every 30 minutes. The irradiation was fepeated'with fresﬁ‘
200 mt pf_PVC;solﬁtidn. The resuits‘of bbth féactipns are shown in,:'-

TABLE 2-7.

* . ) : - _ . .
Which was set the same throughout study of PVC photodegradatiom.

% ‘
measured by soap-film flowmeter
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 TABLE 2-7 The relationship between irradiation time and conductivity

for PVC-ICI 1 in nitrogen.

Irradiation Cbndgctiviﬁy'(u S ém"l)
time (min). I 11
e\ /) 085 | 0.80
60 e | 100
O, || a0, | 20.32
170 S sesen | s7aa0
Aso A4 erszon|  eiao
150 ,;;"' ' ..136,3d- N 13&;30 -
£19 . 182.30 . 179.80
240/ :.'7 , ‘232.301 230,10

In-the same:manner,‘PVCfTP 1 solution (2.O'g,d1f1 in'tetrahydro_
furan) was‘prepared'and irradiated for 4 hours.. The résults are shown

in TABLE 2-8.
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TABLE 2-8 The relationship between irradiation time and conductivity

for PVC-TP ! in nitrogen.

.Irradiation Copducﬁiyity ﬁu Srcm' .
time (min) 'VI fI'
30 0.72 0.67
60 10.62 3.62
50 ~27..50 26.61
120 52,00 50.96
150 84.40  81.46
180 121,40 ©118.76
210 159,40 156.40
240 201.90 ;99;10

2.6 Control experiments for photodegradation study

The PVC-ICT 2 solution (2.0 g.dl'1 in tetrahydrofuran) was used
for all control experiments. The reaction Wererperfofmed under the same

" condition as’meﬁtioned in (SECTION 245 except the. parameter that was

monitored.’

2.6.1  Imthe absence of light

After purging the solution for 15 minutes;'thé conduc-

tivity was read and recorded every 30 minutes (see TABLE 2-9) without -

turning onrtbe light.
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TABLE 2-9 Conductivity in the absence of light.

Time . Conduetivity .
(min) (v S em—1).
30 - 0.02
60 - 0.10

90

o
on, only tetrahydrofuran (200
e lamp was turned om and

im_:tes_ (see TABLE |

ﬂﬂﬂﬁﬂﬂﬂ%ﬂﬂqnj o
RIAININAMINGINY -

2—J.0._ * -



20

~ TABLE 2-10 Conductivity in the absence of PVC.

Irradiation | Conduct1v1ty
time (min) (M § cm™ Ly
30 . 0.15

60 0.16

\\

2.6.3 Without bul 7_-‘_;_ ni i n during. 1rradlatlon

In this exp ug nent,, 2 purging the PVC solution with

nitrogen for 15 minutes, the lamp was tu Lo d nltrogen was turned
i A
off TABLE 2-11 exhibit rad _every 30 minutes.

ﬂ‘lJEl?I'VIEI'ﬂﬁWMﬂ‘E
ammmm SJ‘W]’WEH&I g
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TABLE 2-11 Conductivity in the absence of bubbling nitrogen during

irradiation.

Irradiation - Conduct1v1ty
time (min) - (S em” )
30

60

*+-the dat
After 4 hours, the lamp wa d nitrogen gas (100 ml. min
was bubbling thro‘; ition. Th ctivity was again read

and recorded (see & e

‘ EJ
ﬂUﬂ’me'ﬂﬁWﬂ’lﬂ‘i
’QW'\MﬂiﬂJ uwn«wma Yy

# stant conduct1v1ty
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TABLE 2-12 . Conductivity after 4 hours of irradiation

Tiﬁe _ Conductivity
(min) , (Q S cm—1)
30 | 19.40
60 ' 50.00
90 83.00
1200 1 108+ 20
150 —rET
iéo ' 145,50
P [ 1e0.100
240 N 175.20
270 188,00
300 : 192.10
330 : 4193.00
360 193,10 '

2.7 The factors influencing the photodegradatibn.of PVC

2.7.1 Degree of’ Eplymerlzatlon (29)

B2.0ga’ ! of each PVC ICI sample (0P 1,024, DP 1, 333)_

in tetrahydrofuran wWas prepared and photolyzed under the same condition.

During the 1rradlat10n, the conduct1v1ty was recorded every 15 mlnutes

The results of these reactlons are shown in TABLE 2-13.
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TABLE 2-13. Relationship between conductivity and irradiation time

for PVC-ICI

Irradiation Conductivity (0 S cm—1)
time min) | ppy, 024 DP 1,888
15 , AH 0.16
30} 0687 0.76
45 &.s6 4.26
60 11.10 10.26
75 -19.80 17,46
"90-3 3170 25.96
105 [ b3kl [\ N 36,06
120 o dssua . 46.66
135 74,78 ".59;06
150, — 92,32 73.96
v T 114.30 83790
180 136.30 105./46
© 195 | 158.30 2171
210, | & 182,30 | 137.46
275 207.30 f- 156.96
240 = ¢ 123280 176 46,

-the data is undetectable

In the same manner, A 2. 0 g.dl -1 of each PVC Tdsanple (bP1,072,

DP 1 408. DP 1, 920) in tetrahydrofuran was prepared and irradiated

.for 4 hours. The results of all the reactions are shown in TABLE 2-14.

Y



TABLE 2—14‘ Relationship between conductivity and irradiation timé

fqr PVC;TP
Irradiation Conduct1v1ty (p S cm‘l) _
time (min) BP1,072- | DPL,408 | DP 1,920
15 2 - -
30 ' 9;72" 074 0,42
45 4. 657 - S0k 2.72
60 1062 - 6.29 ERY
75 18 20 12,00 | 14.88
"9 [27 90 19.34 20.30..
105 5920 29, 14 28.70
120 52,00 39.54 38.00°
S 135 67:20 | 50.84 47.50
150  ss40 63.79 | 58.50
165 102.40 | 77.14 jo.oo ,
| .180‘ 121,40 p 92.84 | 81.00
195 139;407 N ib?.i&" a 98.56>
210‘1:' 159,40 124.35 . 409.50
225 .’170,40 141034 124.50
240 ~201.90 |-qln A58 347 pl) 433450 |
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_the data is undetectable

2.7.2 Concentration of PVG
_ The solutlons of PVC- 16T 1 in tetrahydrofuran, 0. 5 g.r'
-1 -1

41, 1. 0g. a1 ", 2 0 g.dl” -1 and 3 0 g.dl” -} yere prepared by dlssolv1ng B

‘: PVC-ICI 11,25 g, 2 50 g, 5.00 g and 7.50 g in 250 ml tetrahydrofuran,

respectively.A.ZOO ml of each PVC-ICI 1 solution was placed in the

reaction vessel and the irradiation was carried out for 4 hours. The



results are exhibited in TABLE 2-15.
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TABLE 2-15 Relationship between conductivity and irradiation time

for the solution of PVC-ICI 1 at various concentratioms.

Irradiation 7 N 7 Cbpductivity (v S cmf;) B »
time (min) 15 5 5 a1-1 i1,0g.d1—1 2.0 g.d1-1 | 3.0 g.a1-1 |
15 = - - 0.14
30 - a 0.85 '2.64
45 4 10.18 4.56 10.39
60 “o.40 4 jo.ésj 1110 26,14
75 4 2;69 19.80 42.24
90 2.35 5.19 31.70 64,34
105 4.50 8.69 43.80 éo;s&,
120 7.00 12,84 58.30 |  123.64
135 9.95 17.84_ ' 74.70 156.66
150 13.35 30.84 92.32 186.64
165 17.25 38-14 114.30 | 217.64
180 21956% |- 4584 136.30 | 243.64
195 26,15 Ish. 961 | 158.30 ‘:279.54
210 31.65 62,64 182.30 329.64
225 36,6515 70.54 207:3b‘  '354.64 '
240 4215 - ' f9.§4 232.30 404.64

-the data is undetectable

“s-the data is not recorded -

In the same manner,VO.S.g.dl'l, 1.0 g.d171; 2.0 g.dlr'1

and 3.0 g.d17} of PVC-TP 1 in tetrahydrofuran were prepared and

each solution was subsequently irradiated for 4 hours. The results

are shown in TABLE 2-16.



TABLE 2-16 Relatlonshlp between conduct1v1ty and irradiation time

for the solutlon of PVC-TP | at varieous concentratlons.

Irradiﬁtiqﬁ .Condqctivity (uiSrcm-¥)
time (min) | o ¢ 41-1 | 1.0 g.di-1 | 2.0 g.di-1 | 3.0 g.d1-1
s - | e T -
30 |- S\ 0.72 . 1.3
45 . 0.50mut .75 '_' 4,65 | 7.4
60 . |- 062" 2.45 10.62 18.64
75 . | 2%00" 1) . 18.20 | 36.04
90 Al . 7.50 Y2790 | - s7.14
105 sl 4 ilizsf- “39.20 | 82.14
120 | 9475 1545 L s2.00 | 113.64
135 10.62 21045 67.20 . 148.15
150 13.000 47 28,00 | 84.40 182,03
165 | 15.75 4 35.20 10240 | - 220.12
80 | Tiems————uz00——fadiise | 27021
‘195" o 22,75 — 46.10 -~ 139.40 o o wa
210 26.50- . 54.00 150.40 |  a-
225 | Lazood 11 0 620 I\ [ '170.4b . e
240 | 36.00 | - 70.10 o  201.90 7'_.‘_, *-
-fhe déta.is undetecpéble | ; "*-fhe daté iS'nof_recbfdé&-

2.7.3 In the presenée of'additiveé,

2.7.3.1 Plasticizer (12), Dioctyl phthaiate (DOP)

The mixture of PVC-ICI (2.0 g.dl“?)_and
DOP was prepared by slowly adding 5. 0 g. of PVC-ICI 2 in tetra-
hydrofuran which was rapldly stirred during addltlon When all

the polymer had dissolved, 1.25 g of DOP was added to the solution.
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and the volume was made up to 250 ml by addition of tetra—-

‘hydrofuran.

In the same manner, PVE-ICI 2 with 1.0% DOP
in tetrahydrofuran was prepared and irradiated for & hoﬁrsf
The results are shown in TABLE 2-17.
TABLE 2-17 Relaﬁionship betwaen'COnductivity and‘ifradiétion time
fof the solution of PVC-I€L.2 in the abSénce and in the

presence of bOP.:

. Conductivity (s em by
Irradiation |— T R O
time (win) witnbuf DOP{ with DOP 0.5% | with DOP 1.0%
30 - fo f#s | o0z | 0.2
60 10.26.000 0,16 o0
o0 | 2596 | 0.6 S 022
120 ':'._46;66 EAEN 3 2.02 __‘ T 0.30
150 \f 73.96 | 4647 0| . 0.43
180 105.46 | 7'7.58; i 0.73
20 - | “wv.ae - | 1148  j 0.9
aug W0 agee LT d 1size 120

2.7.3.2 'Stablllzer (10, 16) TINUVIN P.

Sample SQlUthﬂS (ZiO g,dl PVC I1C1 2 w1th
0.1% TINUVIN P, 2.0g. d1™! pvC-ICI 2 with 0.5% TINUVIN P, 2.0.g. dl‘l
. PVC-ICI 2 with 1.0% in tetrahydrofuran) were preparedJ Each solutlon'

'was then irradiated for 4 hours The results are shown in TABLE 2 -18.
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TABLE 2-18 ,Relétionship between conductivity and irradiation time for

the soclution of PVC-~ICI 2 in the absence'and in the presence

of TINUVIN P.

, Conductivity (uVS'cm'l)
Irradiation .
time (min) |, 5 4971 2.0 .41l with | 2.0 g.d1"! with| 2.0 g.d1~! with
o B TINOVIN P/OL1% | TINUVIN P 0.5% | TINUVIN P 1.0%
30 0.76 - - -
60 10.26 . - -
90 25.96 0410 - -
120 46,664 0.67 . -
150 73096 2.60 - -
180 105 .46 5.45 0.05 - - -
210 136.46 9.45 0.40 0.06 -
240 - 176.46 14,40 0.80 0.12

-the data is undetectable

0.01% titanium dioxide) ‘was preparéd as follow .

2.7. 3 3 Pigments (28) Titanium d10x1de, carbon black

Sample solution (2.0 g.dl

-1

PVCbICI 2 Wlth

PVC (5.0 g)”

was slowly added to tetrahydrofuran which was rapldly stlrred

during addition.

of titanium.dioxide was added to the solution.

When all the polymer had d1ssolved 0.025 g

Good suspension

..-éf,thé pigment was obtained. A'gOQ ml 6f'this splution.was phoé
toirradiated for &4 hours. The solution was igpt in suspension
by stirring during irradiation. The result is shown in TABLE
2-19. | - o

Simjlarly,2.0 g.d1” PVC-ICI 2 with 0.5%

titanium dioxide in tetrahydrofuran was prepared and irradiated

for & hours. The result is shown in TABLE 2.20.
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- TABLE 2-19 Relationship between conductivity and irradiation time
for the solutien of PVC-ICI 2 in the absence and in the

presence of titanium dioxide.

‘ Conductivity (¢ S cm~1)
Irradiation . ‘ i
time (min) 2.0 g.dl_l 2.0.g.d1’1 Yith Z.O_g.dl‘;cwith
_.T;Oz 0.01% TiOyp 0.54.
30 076 - 0% 0.1
60 . 10«26 5.7 : B 5.28
50 95 06" A/ |\ 20.35 EETRI NS
120 | 666 - 21,80
150 | #7386 46.85 | 35.20
180 105.46 : 65.95 . ,52.60>
210 .137.46' 88.35 : 74.60
240 176.46. | 120.35 ‘ ' 99.60
+-the data is not recorded
! pyc-IcI with 0.01%

In the same manner, 2 g.dl
carbon_biack was prepared and irradiated for 4 hour's respec-

tively. .The résult is shown-in TABLE 2-20.
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TABLE 2-20 Relationship between conductivity and irradiation time
for the solution of PVC-ICL 2 in the absence and in the

presence of carbon black or titanium dioxide.

Conductivity (p S em—1)
Irradiation 1 : _
time (min) |, 5 . 41-L| 2.0 g.d1~! wieh | 2.0 g.41-1 with
-0 8:¢1 *! carbod black 0.01%Z | ~ Ti0, 0.01%
50 0.76 0ot . 0.25
60 jorze—t 4 sapes | 4o
90. | 25.9€f /12035 |0 1330
120 46.66 R W, : ','26,85"'
iso | z8\es S 4685 . | 46.20
180 | 105.48 /| 65.95. . | 72,00
210 137446 1418835 101.60
- 240 176.46 120,35 © 144.60

» -the data is not recorded

2.8 Standard hydroehloric acid

. 2.8;1__Preparation of Secondary'sténdard 0,OQI2u sodium hydro-
Eiig : :
The_O.i M.sodium hydrox{&é was ﬁreﬁéred_ﬁy disédeiﬁg‘_
0.1 gvof sodiuﬁ hydroxide in déionized waﬁer and ;he.contént_was diluted
to 25 ml with déioniz§d water.” A O.OOi'M,SQGium hydrdxidg'solution
was obtained by further dilution of the 0.1 sodiuf hydroxide with,
deionizea w;téffin'the ZSO‘ml'volumétric f;ask; | |
| ?otaséium:ﬁydrqgen phthalate was[&ried_ét 120% for 2
hour;, and allowed to cool in a desiccator, AAO.bOSVMv#uta;sium'hy3£ogen
phthalate was‘prepared by dissolving.0.2555 g of potassium hydrogen

phthalate in deionized water and diluted to 250 ml with deionized water.
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Further dilu;ion of 0.005 M potassium hydrogen phthalate with deionized
water in a 100 ml volumétric flask gave 0.0001 M potassiumfﬁydrogen
phthalate.

A 25 ml of 0.0001 M:potaésium hydrogen phthalate was
plpetted into a beaker contalnlng a magnetic bar and the electrode
l(which connected to the conductometer)., It was then titrated w1th
approximately 0.001 M -sodium hydroxide’ by conduc;oﬁetricrmethodl(31)' A
0.001 M so&ium hydroxide was added in-a small pcrtion from the burette,
"and the solutlon was stirrédsafter each addition. The wéllfmixed-solu-
tion was allowed to stand for/ a minute and the conductlﬁlty was recorded

The result of the condactometric tltratlon is shown.ln TABLE 2- 21

TABLE 2-21 Conductometric titratien data for 25 ml of 0.0001 M potas-

sium hydrogen phthalate with approximately 0.001 M sodjum

hy&roxide;

ml of approximately Conduct1v1ty
05 001—M-NaOH (g5 en1)

0.0 T 1700

0.1 N . .16.70

1.0 | 17.20

1.5 5 18,20

2.0 | 19.40
3.0 L 22.30 -

The plot of the conductivity against the volume of the
approximately 0.001 M sodium hydroxide'solutipniwas exhibited in:

FIGURE 2-3.
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FIGURE 2-3 Conductometric. titration of approximatety 0.001

M NaOH -with 0.0001'M ~ potassium hydmgen‘bhlhalate

This was illustrated graphically that the equivalent point of the
‘reaction was 0.85, therefore the concentration of thé'éecondary,standard

sodium hydroxide was 0,0029 M sodium hydroxide.

2.8.2 Prebaratioﬁ of_various.concentrations.of hydrochlotiq

acid

A0 M:hydroéﬁloric acid-was prepared by #ipetted 0.8
ml concemtrated hydrbchioric acid into a 250 ml volumetriclflask and
méde up to the mark With.deionized watér; In'éddigion,:séries of
0.0001, 0.0005, 0.001037036015 and 0.00207 M-hydrochloriC~acié were
prepared by further dilution of 0.1 M hydrochloric ac£d with.aeionized
wéter. Each solution was'titrﬁted with seCondArf standard 0.0025

M sodium hydroxide.. The results are shown in TABLE 2-22 to 2-25.



TABLE 2-22 Conductometeric titration data for approximtely 0.0001

M hydrochloric acid

QRINNTNNINY A
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TABLE 2-23 - Conductometric titration daté,fot approximately 0.0005

M hydrochloric- ac:

'swmm

.']. . ‘ . - EJ
. L] [}
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TABLE 2-24 Conductometric titration data for approximately ¢.0010

M hydrochloric acid |

 3.1 o .'5’ I - |
fugdneniwens
AMANTUININGINY

t19027%7 %



TABLE 2-25 Conductometric titration dara for approximétely 0.0015

M hydrochloric acid

Conductivity
S cm~1)

ml of 0.002Z:%

£

] 8,

L)

L i .
P h — "3
af] ki s
) L _nll.
RN TR

=
¥
SRS
T
\}
T

.‘-?. | . 4
- 1

b,

-

A

20

7.9

 gugimeninens
RIANTUUNINYIAY.
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TABLE 2-26 Conductometric titration data for approximately 0.0020

M hydrochloric acid

ml of 0.0025 Conductivity'
M NaOH : (u s ;m—l)
0.0 | 293.0 -
3.1 240.0
—— ) T80
et - 14810
12,4 R ST
1541 81.8
8o/ (] 58.8
.6 : .\ se.s
25.0 _83.5
27,00 | " 67.5
30.0 73,2
~36.0 | 81.4

From 'data)|in TABLE 2=20 go 2-24 the conductance is plotted
as ordinates against the volume_of_the 0.0025 M«éodiumlhydréxidé.v.This

waS'illﬁstrated'graphiCally in FIGURE 2-4 to 2-6.j
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FIGURE 2-6 Conductometric titration of
approximately 0.0010 M -HCI with 0.0025 M

NaOH
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FIGURE 2-8 [Conduciometric titratratien of

approximaiely 0.0020M HC| with 0.0025 M~

NaOH .
From FIGURE 2~4 to 2-7 the eguivalent point of the reaction were 1.65,
5.30, 9.00, 13.2'and 17.6 respectively. Therefore, the concentration:
of approximately 0.0001, 0.0885, 0.0010, 0.0015 and 0.0020 were calcu-

lated to be 0.00019, 0:00062, 0.00106, 0.00155 and 0.00207 M.

2.8.3 Relationship between concentration of standard hydro-

chloric acid and the corresponding conductivity

The |conductivity| measurément |ofy each Standard hydro-

chloric acid splutions were performed (see TABLE 2-27),
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TABLE 2-27 Relationship between concentration of standard hydrochloric

acid and the corresponding conductivity

Concentration ef Conductivity
standard HC1 (M) (u'S qm“l)
0.00019 31.00
- 0.00062, s 99.00
" 0.00106 A 163,00
0.00155° _ | +225.00
0.00%07 293.00

 The conductivity is ﬁhen piottédlagainéilthe concéntfa—
‘tion of sfandard ﬂydrbchloric acid solution.  Profile ;f concentratiqn
:of hydrogen chlorlde versus conduct1v1ty was obtained (FIGURE 2-9)

_ From the proflle, the comcentration of hydrogen chlorlde ’

that.evolution during the photodegradatlon of PVC was interpreted.
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2.9 Spectrosébpic study for determination of PVC photodegradation

products

2.9.1 The'ultfaviqletrand visible spectroscopic Study

2.9;1.1 _Photodegfadatipn'gf PVC in nitrogen
PVC-ICI 2 in tetrahydrofuran(2.0 g.dl”was
' prepered ahd'irradiated for 8 heﬁrs. After'B hoers, the reat~
tion was stopped, the fllm of PVC was prepared About 0.1 g |
(O 1103 g) of this fllm was dlssolved in tetrahydrofuran.
When PVC film dlssolved the solutlon was made up to 10 m} by-
. additianjof tetrahyd;ofuran. Concentxation of 1.1D3_g.d1 -1
was.bbtaine&;l ‘ - | | |
| In the same manher, fiimsrof‘?vcelci 2_seld£ions
irradiated for 10 and 12 hours were prepared About 0.1 g of
’photodegraded PVC-ICI 2 Wthh 1rradiated for 10 hours (0. 1091 g)
;and 12 hours (0.1021 g) was dlssolved in tetrahydrofuran respec-.
:tively. When each "PVC fllm dissolved the solutlon was made up
to 10 ml by additlon of tetrahydrofuran The soluflons concen—
trated 1. 091 g.dl lband 1. 021 g dl . were obtalned' o
| Ultrav1olet spectra of photodegraded PVC sample
in nltrogen at vatious time were examined using a Ultraviolet— .

240 Shimadzu UV-V151ble SpectroPhotometer. The spectra are

shown_in FIGURE 3- 20

, 2.9;1,2 rghdtodeg;adatien'df"PVC iﬁ oxvgee'.,
Si_mi'ialrvly, £ilms of PVC-ICI 2 Vsc'alui_:.ion,s irra=-’
'diated'fer 8;-10 and i2_5°U¥S wete prepared. Abeut 0.1 g,of,
each film which irradiated for 8 hours (0.1321 g),'iQ hours

(0.1308 g), and 12 hours (0;1305 g) was.dissolved in tetrahydro-
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furan and the solution was madg up to 10 ml by addition of tetra-

hydrofuran. The solutions concenfration 1.321 g.dl_l, 1.308

-1 - . '
g.d1 ~ .and 1.305 g.dl 1 were obtained respectively. The ultraviolet

_spectra are shown in FIGURE 3-21.

' 2.9.2 The infrared spectroscbpic study

2.9.2,1 Photodegradétion of PVC‘in ﬂiﬁrogen -

- PVC-ICI 2 in'tet:ahydrofufanfﬁ.o g.di-l)was-,
prepared and irradiated ‘in nitrogen for 8 Hours. After 8 hours,
the reaction was stopped. Apprbximétely 3 ml of this solutioﬁ
_was drawn d;wn a glass petrd dish to give coat‘glass.surface.
VAfte; evaporation of'tetrahy&rofpran at room temperature gave
a film of PQC.- This film wasréttaéhéd'to'holaer whiqh fitted
directiy intorthe sample compartmeﬁt of a Shimadzu IR-440 -

spectrophotometer., The spectya is shown in FIGURE‘B-ZS.

2.9.2.2 Photodegradation of PVC in oxygen

Similarly; £film of PVC-ICI 2,solution irradiated

in oxygen for 8 hours was prepared. The infrared spectra of

this film is shown in FIGRUE 3-24,
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