CHAPTER IITI

RESULTS AND DISCUSSION

- 3.1 Poly (vinyl chloride) samples

In this study the PVC samples were taken from differeﬁt manu-
factures. Two samples, PVC-ICI 1 and PVCéiCI_Z.were provided by
Imperial Chemical Industries; Australia. Thfee samplés, PVC~TP 1,
PﬁCLIle and PVC-TP 3#%jere from Thai Plastie & Chemical Co. Ltd.,
:Thailand.' | '
» The-avérage molecular weight of these samples were identifiéd
by dilute solution viscoéity method (APPENDIX I). In this method, the
flow time of tetrahydfofuran (to),and the solutions of PVC samplesrjn
tetrahydrofuran'(t) were measured by using the same viscometer at 2508.
The iglative viscosity (n_} could be obtained from the ratio of f/tdf,
Finally, the:inhereﬁt viscosity was calculated-from in n./C. Consequently,
the r?lative and inherent viscosity of each PVC.sample were determined.
These results aré'éhOWn in TABLE 3-1 to 5-5_,Wheﬁ the.inherent:viscosifyA
was plofted agaiﬁst the‘corresponding‘concentrafion of each PVC sémple,
a straight line was obtained (see FIGURE 3-1 to 3-5).The extrapolatiép"
“of the étfaight Tire of each plot gives the‘intefcept thch is the

intrinsic viscosity of that PVC solution.
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TABLE 3-1 The inherent viscosity of PVC-ICIL 1 at various concentrations.

Inherent viscosity

Concentrations | Flow time Relative viscosity

T e (gdltl) | e (see) C o=t/ i 1
0.2667 119.60 1,2065 0.7039
0.3048 122460 A, 2367 ©0.6970
0.3556 17665 1.0771 0.6889
0.4000 1307207 1.3139

0.6825

TABLE 3-2 The inhevent viscosity of PVC-ICI 2 at various concentratioms.

‘Concentrations - Flﬁw time 7 Relative viscosity I“herept YiSéOSity
¢ (g.da1-1) "t {see) n, = t/_to (d%?gg{gc
0.2667 132,50 1.3415 1.1015
. 0.3048 137.93 1.3914 1.0837
0.3556 144..90 1.4617 1.0675'.
0.4000 150.75 11,5207 1.0479
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TABLE 3-3 The inherent viscosity of PVC-TP 1 at various concentrations.

Concentrations | Flow time Relative viscosity Inherent viscosity
C (g.d1-1) t (sec) n=t/t, (22.2545
0.2667 119.50 1.2055 0.7007
0.3048 122.33 1.2340 0.6899
0.3556 176710 T>2771 0.6767
0.4000- ' 120790 1.3033 . 0.6623

TABLE 3-4 The inherent viscosity of PVC-TP 2 at various éoncentrations.

Concentrations | Flow time | Relative viscosity Inherent viscosity B
€ (g.d1-1) t (sec) ‘ n;;tlto ‘ (j?.gfig
0.2667 - 127.55 1.2867 0.9452
0.3048 7132.00 1.3316 0.9395
0.3556 137.30 1.3850 -O:§160 .
0.4000 142,50 1.4375 0.9073




' ~ TABLE 3-5 The 1nher
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Vﬂé_,

ity ofm at varlous concentratlons..

Concentrations ‘., viscosity Inherent viscosity |
C (g.d1-1) - In ny/C
' (dl g=1)
0.2667 1.0936
0.3048 1.0854
0.3556 © 1.0568
0.4000 - 1.0405
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The viscosity average molecular weight (ﬁv) can then be

obtained by calculation using the following equation.

a
n] = kW,

' 7 Where K and a are constﬁnts; for PVC in tetrahydro-
furan at 25° C K = 1.5x10°% , a = 0.77 .(34) |
| -To characterize the PVC_samples,>one can also discuss
in term of.degree of polymefization (DP) which is the number of repeat-
ing units in the pélymer chain. By this wéy, one can easily compare
the different sizes of the polymex cﬁains. ih the case of PVC, tﬁe
semiempiricgl fofmula is '{CHz—gg}h. :Therefore, n is'the Qegree of
polymerization. Hence,sthe molecular weight of PVC is equal to n times
the molecuiar_weight of the repeafing unit which is 50.5 . In othef
words, the aegree of ﬁolymeriZation can'be'calculatéd by dividing the
molecular weight of €ach PVC sample witﬁ SO.S.
Table 3-6 @ Shows the relationshiprof_Viscoéity average
molecular weight of all five PVC samples and the corresponding degree

~ of polymerization;

Ve In;rin;ic - Viscosity average Degree of
. sample viscosity molecglar welght | polymerization |
[} H, x 1074, ~ [op]
ICI 1 6. 40 ! 6.40 | - 1,024
ICI 2 1.21 . 11.80 | 1,888
8 1 0.78 1670 S her2
™2 | 0.9 . 8.80 ' 1,408
TP 3 1.22 . 12,00 1,920
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3.2 Preliminary inﬁestigation of the photodegradation study

The photodegradation of 2.0 g‘dl-l PVC-ICI 1 in tetrahydrofuran

was performed by .using the apparatus as shown in FIGURE 2-2, Irradia-
tion was carrled out using a medium-pressure mercury 1amp {Philips 125
W. . Theilight from the mercury lamp was passed through water in a
quartz water—cooled jacket in order to remove the infrared irradiation.
Thus, only reactionVOCCurred due té the light,_not the heat.

The PVC~-ICI 1 solution in the reaction vessel was magnetlcaily
stlrred to keep the 'solution homogeneous and to facilitate the evolu-
Vtion of any volatile pmoduct formed frﬁm the reaction solutlon. It
was found that oxygen dntérfered the photodegradatlon of PVC by a
" chain scission reaction(37)  Therefore, it is necessary to remove rhe
oxygen that might be in the PVC solution by bubbling oxygen-free
ritrogeh through the PVC solution for 15 minutes before irradiation.
Furthermore, nitrogen gas 4s also bubbling through the PVC solution
duriﬁg illuminétion in order that the volatile product once 6ccurred
will be carried awéy from the solution.

. Since it has been known rhat hydrogen chloride is the oﬁly
.prbdﬁct from the photodegradation pflPVC(37), the outlet of the
. reaction véssei was designed to cqnnect directly teo rhe gas disper—
sion tﬁbe immersed in 80 ml of‘water in-tﬁe conductirity meas_uremenri
Cellb The flowrrate of.nitrogen gas was adgusted, in order to
transfer hydrogen chloride with the appropriate rate from the reaction
‘veséel into the cénductivity measurement cell while the water was
lnot 5p1ashed all over the cell. Usually, the nitrégen flow rate is
kept constant at 100 ml/min. |

It is reported that 1.84 mole of hydrogen chloride can dlssolve

in 100 ml of_water at 30°C(30). In this research work, the maximum

conductivity of the aqueous solution in the conductivity measurement
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conductivity of the aqueous solution in the conductivity measurement

cell observed is 232.30 u S cmfl. This corresponds to 0.00016 mole

of hydrogen chloride in 100 ml of water at 30°¢C (according to the

conduct1V1ty—concentrat1on profile FIGURE 2-9. Consequently, all

hydrogen chloride produced during irradiation should be able to dlSSOlVE

in water rather than escape from the conductivity measurement C311

After 4 hours of irradiation, few m111111ters of aqueous solu—

tion in the conduct1v1ty cell was takefand acidified. Upon addition

of silver nitrate into.the ac1d1f1ed solution, fine white preC1p1tates

‘appeared Th1s test confa¥ms’ that the chlorzde is present in the

aqueous solutlon (39) In companson, no prempltatlon was observed

when silver.nitrate solutlon was—added into the aC1d1fled deioni zed
water taken from the same source. Thus hydrogen chloride did

certainly form during the photodegradatlon of PVC in tetrahydrofurah.

'ﬁuring irradiatioﬁ, the conduetivity of the aqueous solution

in the conductivity measurement cell was recorded severy 3ojminutes.

"After 4 hours, the lamp was turned off. The fresh PVC-ICI 1 sclution

was then irradiated. The results of both reactlons, after conver51on

of the conductivity into the corresponding amount of hydrogen chloride,

are shown in TABLE 3-7 &



TABLE 3-7 The relationship between irradiation time and concentra-

tion of PVC-ICI 1 in nitrogen.

Irradiation time Conmcentration (M x 1074)

(min) ' I 1
30 a _

60 0. 36y '0.31

90 1.82 1.65

| , 1.20 s My b 3.63

150, 613 I 6.05

l1,8,0_ 9.25 g.11

210, 12052, 12.33

240 16,06 15.91

-the data is umdetectable

The plots, between the amount of hydrogen chloride with irradiation
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time, from both eXperiments imndicate good reproducibility of the reac-

tion as shown in FIGURE 3-6.
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FIGURE 3-6 The plot of concentration of hydrogen chloride prdduced

with time: PVC -ICI 1

The sample of PVC-TP 1 was also irradiated in the same way.

as PVC-ICI 1. The repetition of the irradiation of PVC-TP 1 gave

good result, too. (see TABLE 3-8 and FIGURE 3-7).



58

TABLE 3-8 . The relationshi ‘ jation tiime and concentrat1on
: ' of PVC-TP 1 ‘ ' _ |
. ‘ﬁ»‘ 4 _ T

10~ :

A aﬁﬂ\\}\

' Irradlation
{min

: . :
-the data 15 undetecta le .
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As mentioned before, the infrared light was removed.by'running
water through the guartz wéte:—cooled jacket, nét énough heat could
then deteriorate PVC. Certainly, temperature in the black box,
wherg the'reaction‘was carried‘dﬁt, was recorded every time, when the

“lamp was turned off.- It ﬁas fqund to,be around 35°C. Thus in this
case,'thg:degradation of PVC by heat is impossiblé, because the.thefﬁal'
degradation of PVC would occur énly at_témpérature about 200°C.

In 6rdér,;oensurethatrthe_formation of hygrogen chloride was-
caused by the photodegradatioh'of PVC,‘fhelﬁoliowing controlleiperi-
menﬁs were performed. ~Fipst, in the absence of 1light, very sﬁall
wvalue of COnauctivity was detecéed(0.90 us cm—l)after 4 hours of
,reagfibn, which ean be neglgcféd. Seéon&;.iiradiatioﬁ.oflonly tetra-
ﬁydrofuran for 4 hours, fhe insignificant value of 1.35 u § cm_l was
observed. Even though tgtrahydrﬁfurén was rgportéd to be‘photolyzeé.
to Qmall molecules which were carbonvmonbxide,_hydrogen, methane,
ethane, ethylene, froPylené, cyc10pfopane and férmaldehyde(3l). Tﬁeée
products are neu:ral-moleCU}gs'which;are incapable of éa£ryiﬁg electrical’
current{32};: Furtliermore, such photolysis was made in gas phase and

'nﬁea x;non (14%;0 nn) and krthén (123.6 nnﬂﬁradiation'which is ;otaliy
differenf from the.system pperated, in this study: Accbrdiﬁg to allﬂ
Ihé ébéyeievidéﬂces, the formation of HYdrbggh chloride conclusively

results’ from the degradatioﬁ'df PVC) Eatised) by 1ight), Tiot by heat.




In order'to ‘ensure that all hydrochloric.acid is
 scavenged from the reaction solution, another experiment is made.
The solution of PVC was irradiated without.bubbling nitrezsn
through.fhe so}ution, very small value of COnductjvity was
observed after 4 hours. But when thé lamp wés turned off and
nltrogen gas was bubbllng through the solutlon, the conduct1v1ty
rapidly 1ncreased and flnally reached constant value (TABLE 3 9
and FIGURE 3-8).After 6+hours of purging, hydrogen chlorlde
(13.28_M.of HC1) was detected which is a little more than the
one with bﬁﬁbling nitrogen duriﬁg irradiation.(12;40 M of HCI) .

- Therefore, thernitrqgen flow/ fate of 100 mi min.'l should be high

enough _to' carty'all the hydroéhlpfic acid forme&.



TABLE 3-9 Relationship bétwéen concentration of hydrogen chloride
produced and time for PVC-ICI 2 after 4 hours of irradia-

" tiom.

Time o1 Concentration of
(min) " HCl x 10-4 M

ﬂ‘UEJ’JVIEJVIiWEJ’]ﬂ’B'
B QW']ﬁNﬂ‘iﬂJ SJWI’JVIEHG &l
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FIGURE 3-8 Concentration of hydrogen chloride produced at various

time after 4 hours of irradiation: PVC-ICI 2.

The results therefore iﬁdicated'that nitrogen gas is necessary
for carried hydrb_gen chloride that produce to monitor at conductivity

measurement cell by a conductometer.
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,3‘3 ‘Facters_that_influence'the-PVC' photodegradation

' The investigation of the photodegradation of PVC is
‘performed by measuring the con&uctivity which is changing due to
hydrogen chloride produced w1th irradiation time. In order to
study the effects that 1nf1uence the photodegradatlon of PVC the
samples were photolyzed under the same condltlon except the
parameter that is monltorxng‘ Slnce the .  purpose of this research
..1s to see the trend of PVC photodegradatlon in solut1on the

'1rrad1at1on is carr1ed out” only four hours .

3.3.1 Degrees of polymerlzatlon of PVC
In thls Eage/ PVC samples not only are dlfferent in
degrees of polymerlzatlon but aise taken from different manufacture
were used. The first #wo samples were PVC—ICI 1 and PVC-ICI 2-
.obtalned from Imperlal Chemical Industr1e5 Australia. The irradia-
tion of these two samples in tetrahydrofuran (2.0 g dl” ) gave
the results shownlin TABLE 3—10 It is also illustrated graphically

in FIGURE 3-9.



TABLE 3-10 Rélationsﬁip between concentration of hydrogen chloride

produced and irradiation time for PVC-ICI at various

degree of polymerization.

Irraciiation C°ncent£atiop of HC1 ,(. * 1q—4 M)
- time (min) | P 1024 ——
15 SNy )
A . - B .
45 _7' 1 — .
50 - 086 Sl 0.30
75 |  : v Y . o.81
R 182 0N 1
105 A 5 .68 VA 213
120 4 3o N '2.88_5
135 , 4.89 50 3.6
150 | 61088 . 482
e§a 1 768 | '5.35
180 9.25 | — 7.06
195 10.81 | ] 8 21
210/ =~ -;_ 12.51 ALl 7..;9.33 ,
25 | 14.29 | 10.72
1 16106 Y1 E12.10

| -the data is undetectable
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FIGURE 3-9 The effect of degree of ﬁolymerization on the PVC photo-

‘degradation: PVC-ICI 1 (DP 1,024) and PVC-ICI 2 (P 1,885)



From FIGURE 3-9, it should be noticed that hydrogen chloride

evolution was not observed until after 45 minutes of irradiation.

This could be due to the induction period for which the impurities,

assumably some chromophores in the polymer chain, absorb light.

Torikai and his coworkers have proposed the following initiation-

step.(25)

PVC (I)-= - PVC (E)* (1)
where T=Impurity  BVE(1)* —<— = G =CH-CH - £ 01T ()

Although other tyﬁes 6f‘alky1 radicéls (-CHZ—C(Cl)—CHz—ahd-CHCI-

CH-CHC1-) cannot be e¥cluded, the alkyl type radical (Eq. 2) is

most likely to be produced in the initiation step of irradiation

because the bond dissociation energy of C-Cl is about 20 kcal/mol

smaller than that of C-H.

When the free radical is generated, the first molecule of

" hydrogen chloride will split off amd thus the allylic radical will

be formed as following:

c1 i prl H 01

—HC CH G:l\[(lJH CH CH-

/-HC1

H— HC].
I

-HC- CH~ CH=CH- CHYCH - CHi-

-HC1

Cl
—HC CH -CH=CH-CH=CH- CH-
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The existence of'the unseturation concurrently facilitares
the elimination of another hydrogen chloride molecule. Indeed, this R
is consistent with the increasing rate of hydrogen chloride formation
as appeared-in Figure 3-9. |

' The photodegradatlon of PVC 'semples from the other manufac-

turer, Tha1 Plast1c & Chemlcal Co. Ltd Thalland gave 51m11ar results '
. (TABLE 3-11,  FIGURE 3-10). -

PVC with DP 1,072 prov1ded more hydrogen chlor1de than PVC .
'w1th DP 1 408 which inetumn gave more hydrogen chlorlde than PVC W1th
DP 1,920 (O 00015, 0.00011; 0400009 mole/lOO ml. of water for PVC
-DP 1,072, 1 408 and 1 920 after 1rrad1at10n for 4 hours,respect1ve1y}l'

_Even though there ig ho,other work concernlng the effect of |
degree of polymerization on the irradiation of PVC, the same results
for this effect was reported for =" thermal degradat1on of PVC._
Danforth J.D.(33) found that the amount of hydrogen chlorlde produced
was dependent on the chain length of PVC. He heated 80 mg of '
each PVC | sample which had different DP at 225 2C. He found that the
i.ratee of hydrogen chloride evolution were 4.0, 2.5 -and 2.0%HC1/min.
for DP 634, 1,2%2 and DR 2,381y which) are, the sexries of decreasing
numbers of polymer chains. | |

The plausible explanatlon for thzs phienonenon, invblves the
probability of the 1n1t1at10n steps to occur.Slnce the degree of -
polymeriiation is the number of the polymer chains for a'given .
weight , PVC with higher degree of polymerization thus contains
lower numbers of the polymer chains. Therefore PVC w1th hlgher
degree of polymerization will have less probablllty to absorb

light. That is less hydrogen chloride will be cbserved.



TABLE 3-11 Relationship between ceoncentration of hydrogen chloride
p%oduced and irradiatioh time forrPVC-TP at various degrees

. of polymerization.

Irradiation 'Cﬁﬁcentration of HC1 (x 10-4 M) -
tive (min) . DP 1,072 DP 1,408 | DP 1,920
15 E A7, I -
30  - < I - -
45 | -1 S
60 0.33 o5 | 0.0
75 A S8 0.43 ) 0.63
oo M UM s 0.9 | 1.01
105 2350 |\ \ 15 161
120 NP5 C238 | 2.7
EETI A 5.35 _J 1318 | 2.94
150 s 5,56 410 3.2
165 | 6.84 | - 504/ 451
180 s.19. | - '6;16—7' 5.32
195 e . 7.19 6.56
269101 10189 < | 8740 7.35
225 - | 1l.e7 9.60 8.41
240 2.0 51 = £13.61] 9 Y08t | 7| ) ©d.05

-the data is undetectable
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FIGURE 3-10 The effect of degree of polymerization on the PVC photo-

‘degradation: PVC TP 1 (DP 1,072), PVC-TP 2 (PP 1,536) and
PVC TP 3 (DP 1,904).
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3.3.2 Concentration of PVC -
The photodegradation of PVC solution of various concen-
tration were also investigated. In this study two samples of PVC

from different manufacturers were used. Firstly, PVC-ICI 1 in

1 1

" tetrahydrofuran with various concentratioﬁ, 0.5 g.dl”", 1.0g.d1™,

2.0 g.dl-l and'$.0‘g.dl-¥, were photolyzed for 4 hours. The results
'arellsh0wn in TABLE 3-12 and gfaphically e#hibited in FIGURE 3-11.
At the.end,of rgaction, 0.00003, OQOOOOS, 0.00016 and 0.00028 moie
of HCl/lOO-m; of water'weie obtained for  the PVC-iCI 1
concentration 6.5; 1,00 240/and 3.0 g;dlfl, respectively.Again,the
photodegradation of PVC sample from Théirplastié &‘Cheﬁicai Co.,ltd,
Thailand, PVC-TP l,lgave_similar_results_(TABLE 3-13 and FIGURE 3-12).
On the basis of /these ébservatioﬁ,,it is'clégr thgt hydrogen
chloride produced ihcfeaséé'with increasing PVC concénfration;ThiS-
phenoménon can again be gxﬁlained that there iS'morerpolfmér chains
in the solution of‘ﬁigher PVC concenfration. Therefﬁre the . solution
of highei PVC cbﬁcentrétion'Will have more pbssibility to absorb

‘light, That is more hydrogen chloride will be“produced,
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TABLE -3-12 REIationéhip‘between concentration of hydrogen chloride

produced and irradiation time for PVC-ICI 1 at various

concentrations.

Irradiation . ACon;entration of HC} (x 104 M)
time (min) 0.5 g.a1-1 1.0 g.aa=t| 2.0 g.a1-1 | 3.0 g.a1-1 |
15 e N - -
30 4/ % - -
45 / \ - 0.31
60 r \ 0.36 1.28
75 Z 3 © 0.98 2.57
% # - 1.82 4.14
105 =  0.18 2.68 6.02
120 0.07 - 0.48 3.7 . 8.35
135 0.28 0.84 4 .87 10.69
150 0.52 . 1.76 6.13 12.82
165( 0.79 2.28 7.68 | 15.02
180 1.10 2.81 9.25 16.87
195 SRT 3439001 10,61 19.43
9210 1.82 4.01 12.51 22.58
225 2.17 4.57 14.29 25.46
240 2.56 . 5.22 16.06 28.30

-the data is undetectable
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F_IGURE 3-11 The effect of concentration on the PVC photodegradation:

PVC-ICT 1.
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TABLE 3-13 Relationéhip between concentration of hydrogen chloride

produced and irradiation time for PVC-TP 1 at various |

concentrations.

Irradiation

Concentration of HCl (X 10-% M).

time (min) 0.5 g.d;‘l Yogedlrl 2.0 g.d1-1 | 3.0 g.d1-1
15 - = - -
30 / . - B
45 4 2 - 0.08
60 . /. \ 0.33 0.89
75 4 X 0.86 2.12
90 A 0.10, 1.55 3.63
105 - 0437 2.35 5.40
120 0.12 0.69 3.26 7.64
135 0.33 1.09 4.34 10,09
150 0.49 1.56  5.56 12.49
165 0.69 2.07 6.84 15.20
180 02,90 2155 8719 -
195 1.19 2.84 9.47 * -
210 1.45 3,41" 16.8¢ & =
325 1.84 3.93; 11.67 .« -
240 4.55. 13.91 .-

-the data is undetectable

»~-the data is not recorded
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FIGURE 3-12 The effect of concentration on the PVC photodegradation:

PVC-TP 1.
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3.3.3 Added additives

3.3, 3 1 Plast1C1zer, Dioctyl phthalate (DOP) -

- The mechanlcal properties of PVC can be 5ubstant1ally
modified by'the use of plasticizers. The function of plast1c1zer
is to lower the heat distortion point on the polymer by penetrating
between the polymer chains. The plasticizer mbleceles therefore
increase the dlstance between them/and, so enhance thelr mob111ty

It has been reported that, avclear, carboxylle

‘acid ester plasticized BVG containing no ultraviolet light sCreener,
ex?osed to,direcf weathering/in Flo;ida will last about 10 to 24 |
months depending oﬁ fhe plesticizer. A similar fiim of rigid PVC
may Being_to darken/in 2-4 months. Accordingly, the plasticizer
weuld likely suppreSSIthe photodegradation of PVC. In order_fo'
ensure such assumptlon, thé irradiations of 2.0 g. dl -1 PVC solutions
in the presence of various concentratlons of Dloctyl phthalate were
: perfbrmed TABLE 3-14 and FIGURE 3-‘3 exhibit the comparison of the
‘irradiation of PYC solutions with and withede/nop. FIGURE 3-14
clearly indicates that in the presence of DOP-less concentration
of h;drogen chloride wes observed . Furthermore, fhe_hiéher the
.concentration ofIDOP, fﬁe less ‘of hydrogenechloride was evolved.
These experlmental results suggest that DOP suppressed the |

In addltlon, the insignificant value of

1 was detected'when 2.0 g.dl” -1 pye-1c1 2

photodegradatlon of PVC.

conductivity, 1.20pS cm
olutlon with 1.0% DOP was irradiated for 4 hours. This suggests

that about SOphr DOP is suff1C1ent to prevent the PVC photodegradation.



TABLE 3-14 Relationship between concentration of hydrogen chloride

produced and irradiation time of PVC-ICI2 solutions with

and without DOP.

“Irradiation
time. {min)

Coﬁceﬁtration pf HC1 (X 10-4 M)

withott /D0P.

with DOP 0.5%

with DOP 1.0%.

30
60
90
120
150
180
210

: 240

1 9.30
1441
2.88
4.82
7.06
9.33

12.40°

0.11
0.39

0.69

-the data,;is {ridé tectable
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irradiation time ; min

IGURE 3-13 The effect of DOP on the PVC photodégradatidn:

PVC-ICI 2.
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FIGURE 3-14 Absdrgtion spectrum of DOP.

*

Dioctyl phthalate has maximum absorption at 240 nanometers
as shown in FIGURE 3-14. Thus, the solvation of the PVC chain by

the plasticizer molecule could have stabilizing | effect.

3.3.3.2° Stabilizer;2-(2'-Hydroxy-5'-methylphenyl)

benzotriazol (TINUVIN P)

Variou5'kinds of photostabilizers are currently
used to stablllze light- sens1t1ve polymers In this work, 2—(2'-
Hydroxy-S' methylphenyl)benzotrlazol has chosen as an Ultrav1olet '

absorber to examine its stablllzatlon effect.

In this study the PVC-ICI 2 solution (2.0 g.dl 1)

7%
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with various amount of-TINUVIN P (0.1, 0.5 aﬁd 1.0%) were photolyzed
under the same condition and compared'with the one in the absence
of TINUVIN P. The results are presented in TABLE 3-15 and FIGURE 3-16 .
FIGURE 3-15 shows that in the presence of

TINUVIN P less concentration of hydrogen chloride is produced.
Furthermore,.when PVC solution containing 25 gn& 50'phr of
TINUVIN.Prwere irrédiated, no hydrogeﬁ chloride was observed. Therefore
ZSVpﬁr of TINUVIN P should be enougﬁ to prévent PVC photodegradation.
FIGﬂRE 3-15 shows‘the ultraviolet spectrum of TINUVIN P.‘

| The suppression of hydrogen chldride formation
in thié case can he expiained by SCIeeﬂing of the light by the

TINUVIN P,
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TABLE 3-15 Relationship between concentration of hydrogen chioride

produced and irradiation time in the presence and in the

absence of TINUVIN P: PVC-ICI 2.

Concentration of HCl1 (X 10‘4 M)

Yrradiation - -
time (min) 2.0 ga171 2.0 g.d1~1 2.0 g.dx-1
2.0 g.da1=l{  grien with  with
| TINUVIN P 0.A% L TINUVEN P 0.5% | TINUVIN P 1.0%
30 - - - -
60 0.30 - - -
90 L&l : - -
120 2,88 - - -
150 4.82 8 - -
180 7.06 - - -
210 9.33 " 0.24 - -
240 12,10 1, 0.59 - -

-the data is undetectable

.
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.'
FIGURE 3-15 The effect of TINUVIN P on the PVC photodegradation:
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3.3.3.3 pigments; Titanium dioxide, carbon black

~ Carbon black and titanium dioxide are widely used.
and important as pigments for plastics. Thus, in this study,
titanium dioxide and carbon black pigments are used as the
additives to examine its stabilization effects. The illumination
6f7PVC—ICI 2 solutions (2.0 é.dl-l) with and without pigments
were pérfofmed. TABLE 3-16, 3-17 and FIGURE}-17, 3-18 show

all these results.
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TABLE 3-16 Relationship between concentration of hydrogen chloride

produced in the absence and in the presence of carbon black

and a titanium dioxide PVC -IC1 2

Irradiation Concentration of HCl (X IQ‘A.M) (
time (min) ‘without with carbon blaék with TiOp
pigment 0.01% 0.01%
- 30 4 L -
60 — - -
90 . 1 4t 1.01 0.52
120 283 N 1.48
150 i.88 2,89 2.85
180 7.06 425 4.08.
210 of33f 5.84 6.78
240 12.10 8.12 9.84

-the data is undetectable

+ -the data is not recorded
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FIGURE 3-17 The comparison of PVC photodegradation in the absence and

in the presence of titanium dioxide and carbon black.
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TABLE 3-17 Relationship between concentration of hydrogen chloride
produced and irradiation time in the presence and in the

absence of titanium dioxide: PVC-ICI 2.

. Concentration of HC1 (X 10-4 M)
| Irradiation —
“time (min) without | 2.0 g.d1-! with| 2.0 g.d1-! with
TiO Ti0, 0.01% 'Ti0, 0.5%
2 2 110y _
60 - - -
90 e 1.02 . 0.36
120 2.88 OGN 112
150 4,82 2.89 2,07
180 7.06° | 4,25 3.31
210 9. 33 5.84 . 4.87
240 12.10 8.12  6.64

-the data is undetectable -

* ~the data is not-zrecoxrded
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FIGURE 3-18 The effect of titanium dioxide on the PVC photodegradation:

PVC-ICI 2.




FIGURE 3-17 and 3-18 show that the pigments have
beneficial effect, the removal of the pigments leads to much hydrogen'
chloride fo:mation. The results indicate that PVC splution in tetra-
hydrofuran containing 0.5 phrrcarbon black are sore stable than those
containing 0.5 phr.titanium dioxide [FIGUREZS-IY). The addition con-
centfation of hydrogen chloride prodﬁced decrease with increasing the
aﬁount of titanium dioxiﬁe (FIGURE 3£18). The suﬁpressidn of hydrogen
chloride formation suggests that both.pigmenfs have arlight-étability |
| effétf oﬁ PVC. This is due to reflection and scattering of radiation
which damging PVC sampless” Thus, PVC contzining titanium diéxide
exhibits_be;tér stabdlity than the one without titanium dioxide. The
sewilar result is shown'for PVCG-with 0.5 phr carbon black that &ecféase:
hydrogéﬁ chloride produced compared witﬁ_PVC without pigments. |

More@ver, it has been repcrted that carbon biack:is
recbmmended for ultraviolet stabilizatidn for outdoor exposure becaﬁse
of their ability to form snd react witﬁ.free,radicais and also their

ability to absorb ultraviclet radiation and render its harmless. (28) .
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3.4.1 The ultraviolet spectroscopic study

Under illumination, PVC both in solid from and in solu-
tion, is certainly degraded to give hydrogen chloride. (14;25) Con;
cur£ently, an unsaturation or one déuble bond should appeér in the
polymer chain for every one molecule of hydrogen chloride_eﬁolved .

In order to examine the existance of the unsaturation,
the irradiation of PVC-ICL 2 solutions (2.0 g.dl-l) were in nitrqgen'
for 8, 10 and 12 houssw Simce Diaz, A. and Doepker,reportéd,that

tetrahydrofuran was also phbtolyzed therefore, after each irradiation,

the reaction solution was evaporated in order to eliminate all the gaseous'

product that might be'pregsent in the solution. The film of irradiated
PVC wasthen dissolved/in fxesh tetrahydrofuran. The ultraviolet-visible

spectrum of the new solution was them recorded using_fresh tetrahydro-

furan in the reference cell.. Figure 3_19 shows the ultraviolet-visible

spectra of irradiated PVC-ICE 2 in‘nitrogen after irradiatien for 8, 10

and 12 hours.



- FIGURE 3-19 -ABsorption spectra of PVC after irradiatian in
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The typical feature of each spectrum is the absorption in the
range between 250 and 450 em. These absorption spectra are similar teo
both thermal and photochemical degradation performed by the other
workers (35-38) Most workers agree about the assignments.Particularly
for wavelength less than 350 nanometers, which corresponds to polyenes -
with n 6 (37). For abserbance at 307 nm, the polyene of n = 4.israssigned.
The species resﬁoﬁsible for the absorption maximum at 320 nanometer
cannot be 1dent1f1ed with certainty but-the most probable contributor
is some compqnent of.an ne=_5 polyene. The absorbance at 354 is due
mainly to an n = 6. Absofbahce at 380'end 410 nanometers are due to
n=7and 8 'reSpectiver ‘

The' absorption/ maxima at 305 410 nm. due ton = 4-8 db
increase with 1ncrea51ng irradiation ;stime but no change in the feature
of the spectra was observed. These results indicated that the amount
of the same polyenes increaée_with'irfadiatien timé,,,

However,rwhen theiPVC solutions were irfadiated in'oﬁygen: -
there probably is some interactions between conquated systems,aﬁd 7'

~ oxygen '(FIGURE 3-20).,
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Fﬂ;URE 3-20 Absorptlon spectra of PVC after irradiation in

‘OXyg en

PVC-ICI 2.
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3.4.2 Infrared spectroscopic study

For the infrared spectroscopic study, the PVC film was
used. FIGURE 3-21 is the infrared spectrum of PVC before irradiation.
The spectrum shows -C-H stretching at 3.4 m, -CH2 bending at 7.0 m
and -C-Cl stretching at 14.5 m. The absorption at 8.0 m is due to.
-CH bonding in -CH-Cl. Absorption bands in the range 9.1 to 12.0 'm
due to -C-C bon&ing. |

The,irradiation.of.PVC solutien in tetrahydrofuran for ;2
hours in nitrogen and injoxygen were performed. The infrared épectra
of PVC film for both Feactions wers shown in FIGURE 3-22 is resgmble

to FIGURE 3-22. Eventhough fhe unsaturation or double bonds are

- certainly generated when/the irradiation was carried out in nitrogen,

these arg'the internal double bonds which are difficulf to vibrate.
Therefore, no corresponding vibration could be observed in the |
inffare& spectrum, FIGURE 3-23:c1early exhibits the absorption-bands
at 1708 and 1742 e These correspond to the vibration of the

carbonyl groups conjugated to double bonds.
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