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Abstract— The effects of reaction temperatures, reactor materials, addition of TiO,, and irradiation of UV on the
PVC sample on the dehydrochlorination reaction were studied in the continuous tubular reactor. The extent of reaction
was measured with the changes in pH due to the evolution of HCI, which is the most sensitive method ever. The auto-
catalytic effect of HCl was observed in all experiments. Reaction rates were fitted with two parameter models which
include the induction time and the degree of autocatalysis (n). For the first time, branched chain radical mechanism
was proposed to explain the autocatalytic effect of HCI. As the reaction temperature increased, n increased. In the case
of Fe sample holder, the promoting effect of Fe was observed. The addition of TiO; into PVC sample increased reaction
rate and n.
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Table 1. Measurement of the rate of dehydrochlo-
rination reaction at 220.8°C,

Time(min) pH Time(min) pH Time(min) pH

6.63 20 3.560 40 2.910
6.628 21 3.515 41 2.892
6.620 22 3.471 42 2.878
6.585 23 3.429 43 2.862
6.430 24 3.385 44 2.848
5.900 25 3.350 45 2.832
5.050 26 3.312 46 2.828
4.670 27 3.276 47 2.805
4.280 28 3.240 48 2.795
4.280 29 3.200 49 2.784
4.160 30 3.169 50 2.778
4.060 31 3.136 55 2.741
12 3.982 32 3.105 60 2.715
13 3.915 33 3.075 65.5 2.690
14 3.855 34 3.052 70 2.681
15 3.800 35 3.026 76 2.660
16 3.745 36 3.000

17 3.695 37 2.980

18.5 3.625 38 2.952

19 3.602 39 2.930
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Table 2. Reaction rate constants, induction time, and the degree of autocatalysis for the dehydrochlorina-

tion of PVC.

Temperature Fe-holder Vycor holder
(°C)
k,(min-1) t,(min) k{(min-1) t,(min) n k, x 104

210.6 0.039 60 0.040 45 2.07 26.95
220.8 0.072 30 0.054 30 2.25 60.95
231 0.082 20 0.110 16 3.38 4.98
241 0.13 15 0.16 5.5 4.71 1.97
271.5 0.46 6 — — - -
281 0.88 9 0.27 2.5 5.40 5.68
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0.01 1 ' L 1 ! 1
36 38 40 4.2 44 46 4.8

Reaction Temperature (1/T)x 103 (°K-1)

Fig. 8. Arrhenius plot for the dehydrochlorina-
tion of PVC with vycor and Fe holders.
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H HHH
[ T A
-—(I:—lecl— ACI C=C+HCl
Cl HeCI® Cl

glel 2hAef4] FeCly7b CI78 E74stel FeClEd o
Aot slol 4] sdal Aol Eeiglt HE wleli
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0.06 42.4
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L. 1 1 1 1 ] L 1
0.2 0.4 0.6 0.8
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Fig. 9. The effect of addition of TiO, on the reac-
tion rate constant (k,) and the degree of
autocatalysis (n).

T oll4le] eedshra
glslod s A5 k@2
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4 el e nd HolFE Ti0, okl dfafx A4 &
FHor Frsh Hok, o] TiO, =4l el 3
F2b ABalo] Zafstod A HCIE] #H4bell cigl = ghol
vl A ArpEaE el of AshA Lkeh, g
Ti0,7F HCIE #8338 4 9l F8o] 2lof4 84

& T 4 ] WiEeR A7k
o, b ?u' 5 220,8C, 231.1C2 232 7%
e Ak vfepl 523 lek(Table 3).

Aol 4 =beld 2ALE 30, 60, 90, 120554t A]7]
PVC 4185 7k#an 221,6°C, 221,8C, 231, 1Col 4
Vycor Al 719} Fe Al £7]% 7ixja elodghs
4= wke-4e B Z4sleick(Table 4), Fig, 100 e}

Vycor A& §7]4 *k&3ko] 211, 6Ce 4—1 2t
S5 AAE ol &l b A 7lel] whe} A
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Table 3. Rate constants, induction time, and the degree of autocatalysis for dehydrochlorination of PVC
in the presence of Ti0, additive with Vycor sample holder.

k,(min-1), t,(min)

Part of 210.6°C 220.8°C 231.1°C
additive” K, t, n k; t, n k, t, n
0.2 0.056 50 2.25 0.072 30 2.54 0.2 9 4.01
0.4 0.072 50 2.36 0.082 30 2.90 0.22 12 4.17
0.6 0.088 23 2.75 0.096 25 3.27 0.25 15 4.33
. Wi of TiO,
part* =

Wt. of pure PVC

sisr2st H25F M6z 198714 12

=



gl 4A e syt
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Table 4. Reaction rate constants, induction time, and the degree of autocatalysis for dehydrochlorination
of PVC after UV was irradiated on the sample.

Tim(min), k,(min-1), t,(min)
UV-irradi- Vycor-holder Fe-holder
ation time
(min) 211.6°C 211.8°C 231.1°C 211.6°C 220.8°C 231.1°C
k, to n ky to n k, t, n k; t, ky t, k, t,
] 0.040 45 2.069 0.054 30 2.246 0.11 16 3.376{0.039 60 0.072 30 0.082 20
30 0.068 25 4.011 0.092 25 3.078 0.16 10 3.732]0.064 42 0.088 30 0.168 12
60 0.068 20 2989 0.096 15 3.487 0144 6 3.271(0.044 47 0.152 18 0.144 20
50 0.050 27.5 2.824 0.12 15 3.732 0.16 14 4.511(0.036 45 0.128 18 0.132 22
120 0.047 25 2.747 0.128 8 3867 0.16 14 3.487(0.030 45 0.136 22 0.12 20
{min}) (min) 2 288 74 A4 2AL Ajglel debd skegx o)
l; 145 A goll= F7leht vgels A9 WEkxl ¥ et n
140 ZE A9 #skA] kel 231, 1ColA = zAL
135 A7kl web W57l HSole F7lsht WEele
t, A9 WAl geon, ngE vl AR ez 9l
30 o}, ojAL ukSEEsl gEprl AfAukge]l A
425 thermally activation®] 7| wlFol T8z} Al el
20 7} #olHE w55 7} A dkA] ofow), kel Zol
. . . ) of Ak%glo] zipping reaction®] AzjsiAle] wlg<ts
0 30 60 90 120 A aA A gerke Ag ¥ 4+ ek Fe

U.V. treatment (min)

Fig. 10. The effect of UV irradiation time on the
reaction rate constant (k,) and the induc-
tion time (t)) in the dehydrochlorination
of PVC at 211.6°C with vycor-holder.
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7ol 5 A2 wlsgt Ade vebia 9l

4-6. Zipping mechanism0ll 2|8t T H$ Model2
ol2st gdslea 2t DARR}

oA eeighs-4 vbE-4<E induction period®
e F AL 2uls sRRa Ao, 7] °4°i
%]+ parameter?] FHEo] EeH oz E}Dl?ﬂ oju)
AR e wpEa abgl fittinge 2% 4 U ‘4.
Danforthe} Takeuchi[16]7} #etg} zipping mech-
anismel W3t 5 A4 modeld 7FA3 Fe A& £7]
‘S— A}‘Q‘O}N\a “?‘ 71' HJ"B‘%»“—"“H k —"I’ kzuka T
116H“‘=“*”J -5tk (Table 5). k;& 7AAHRE2)
vl A2 Jehl3 k,= zipping reactiond]
Ashabg oA e] 9eds 445 vepdn, ke 25
o wheld Zrtsie) Zashd ke 227b Fokde w
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Table 5. k; and k, values in the dehydrochlorina-
tion reaction of PVC with Fe holder esti-
mated with two parametr model in zipp-
ing reaction mechanism,

Temperature  k; (minl)  k, (minl) ky/k,
211.6°C 5.44 x102 2.44x10°2 0.448
221.8°C 7.8 x10-2 3.01x10°2 0.426
231°C 6.77x1072 3.20x 1072 0.474
291.8°C 6.09x10-2 0.14 2.346

k,: first order initiation reaction constant
k,: propagation rate (O* order)

2. HCI/I 27} &) &2 branched chain
radlcal mechanismo2 Aul®x 4+ glon] w8z
*F’;WMW HClo] #hakgxrt AALswo) 28 o

2 AAE o}
etodglg4 W34S zipping mechanismel
o

27} induction period7} = F A

4, 2=t —%Elrﬂﬂ-i A7 gl Abe] HE B
ERlE nol gAsH F718c},

5. Fe l 4718 AREEHE S Ferl AA|ukgol
Zol 2 Foiste] FA Sl z7t Vycor 4715 AHE-
g wuc} 3|Lf+

6. TiO, 5 #H71gloll wal k,gho) A= ez Fv}
3 ne A FeH oz Foh

7 X}Wi ZAF A 7dell weh Agell = k,gte] F7}

=E -T'—%ZP *H—%ﬂ ol 7}
2 ASelE dheS st Ao FHa, & LR
A wHsrt Ao glA "t

NOMENCLATURE
A : Area of sample (cm?)

sietEst M25H M6 19874 12E

49

a, : constants

a, : k,[HCl)

a, ¢ ks [Cl]

C(zt) : Concentration of HCI (mole cm™>)

D  : Diffusivity of HCl (cm?/sec)

L : Thickness of sample (cm)

k : Catalyzed dehydrochlorination reaction rate

constant (sec™!)

k, : Uncatalyzed dehydrochlorination reaction
rate constant (mole cm™'sec™)

k;  : Initiation reaction rate constant (sec™")

ks, ky : Propagation reaction rate constant (cm?
sec-'mole-!)

k, : Branching reaction rate constant (cm3
sec-!mole-!)

ks, kg : Termination reaction rate constant (cm3
sec-mole-1)

k, : Fraction of polymer activated per second
(sec™})

k, : Fraction of a started chain that decomposes
per second (sec™)

k, : constant

k; . First order reaction rate constant (sec™)

n : Degree of autocatalysis

r, : Branching reaction rate (mole cmsec™)

r; : Initiation reaction rate (mole cm~3sec™)

t, : Induction time (sec)

t : Time (sec)

z : Distance from the surface of polymer (cm)

Greek Letters

a : Decomposed fraction of polymer chain
B 2 ovlv,
u : Total amount of HCl produced per 1 cm?® of
sample (cm?)
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