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Investigations of HC1 influence on PVC dehydrochlorination (DHC)

S u m m a r y  —  The effects o f several param eters such as po lyeth ylen e addition  
(12.6  w t. % ) , tem perature (260— 400°C ) and dehydrochlorination  (D H C ) d e ­
gree o f the sam ples on the rate o f P V C  D H C  process and  on  the tim e o f HC1 
evolu tion , after freezing the reaction, h ave been  investigated. Results o f these 
investigations as w ell as the results o f D S C  and FT-IR m easu rem ents con ­
firm ed autocatalytic effect o f HC1 on D H C  process. A ll  experim ental results 
are best explained b y  the h ypothesis that D H C  process is g o in g  on  accord­
in g ly  to the „c o n v en tio n a l" m ech an ism  [equation (4)]; H C1 blocks also con se­
qu en t reactions w hich  stop the p oly en e  sequence propagation  [equation (5)]. 
K e y  w o r d s : p o ly (v in y l chloride), dehydrochlorination , m ech an ism , H C1 role, 
autocatalysis.

U n d er  the influence o f light or heat, p o ly (v in y l chlo­
rid e ) (P V C ) u n d e r g o e s  the d e c o m p o s it io n  w ith  the  
elim ination o f H C1 m olecu les from  P V C  m ers. This reac­

tion m a k es difficu lties in m aterial recycling o f w aste  
plastics b u t m a y  be u sed  in feedstock recycling o f P V C  
w astes. H C1 obtained in the deh ydrochlorin ation  (D H C )  
process m a y  be u tilized  in oxych lorin ation  syntheses  
w hereas the solid  residue after the D H C  process (A D  
carbonizate) m a y  be converted to h ydrocarbon  oil, sy n ­
thesis gas or to fuel gas [1]. G asification o f P V C  is not 
advisab le , because o f the lo w  caloric valu e o f P V C  —  ca. 
18 M J /k g ; for A D  carbonizate that valu e exceeds 30  
M J /k g . H o w ev er , the process o f gasification o f P V C  is 
d ev elop e d  b y  Linde K C A  (G erm an y) and  a pilot plant in 
Tavaux, France (capacity o f 100 k g /h )  has been  built —  
editorial note.

M EC H A N ISM  OF D H C  R EA C TIO N

E lim ination  o f H C1 from  chlorine derivatives o f h y ­
drocarbons is already u sed  in the industry. It m a y  be  
realized on several w a y s: u sin g  the alkalies [2], zinc du st
[3], as w ell as therm ally. H ig h  tem perature is n eeded , if 
no catalyst is u sed . For exam ple , the preparation o f V C  
from  dichloroethane is carried out at the tem perature of 
approxim ately  5 0 0 °C  [2]. The m o st efficient catalyst is 
barium  chloride su pported  on active carbon [4], w hich  
s u g g e sts  ion ic  (B a C h ) or m o le c u la r  (a ctiv e  ca rb o n )
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m ech an ism  of D H C  reaction. N o  autocatalytic effect of 
evolved  HC1 w as reported.

T h e therm al D H C  reaction o f P V C  proceeds already  
at the tem perature o f 150°C . The reason o f such high  
reactivity is, according to the literature data, chlorine  
atom  in allyl grou p , -C H C 1 -C H = C H - [5, 6]. That grou p  
form s after the elim in ation  o f the first H C1 m olecu le  
from  P V C  chain and recreates again after the elim ination  
of every consecutive H C1 m olecu le:

-f CH2-  CHC1-)h- -*• -6 CH2-  CHCl^nlf CH=CHdf CH2-  CHClAn

+ MCI
( 1)

This recreation accelerates the p ropagation  o f D H C  
reaction (1) from  the chlorine atom  in the allyl position  to 
the end o f P V C  chain. So, a sequence o f conjugated d o u ­
ble (polyene) b o n d s in the P V C  chain form s:

- f  CH2-CH Cl^if CH=CH-)(CH2-CHCl-fe -----► (2)

—  - f  CHz-CHCl^CH^CH-JmtCHz-CHCBja + (m- 1)HC1

S u ch  rea ctio n  is ca lled  „ z ip  r e a c tio n " an d  so m e  
authors describe the form ed p olyen e sequ en ce as „ z ip " ,  
too [7].

M a n y  form s o f zip  m ech an ism  h ave been  proposed. 
D esp ite  the n u m ero u s stu d ies, the m e ch an ism  is not 
fu lly  u n d erstood  yet. Radical, ionic or concerted (m o ­
lecular) z ip  initiation is postulated [8]. Particularly, the 
m ech an ism  o f z ip  term ination is unclear. T h e reactivity  
o f the allyl chlorine sh ou ld  not d ep en d  on the num ber o f  
d o u b le  bon d s con jugated w ith  a lly l g ro u p ; it fo llow s  
from  the theoretical calculations o f au th or's [9] and [10].
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O n ce the initiation o f a zip  has occurred in a chain, the 
propagation  o f the zip  sh ou ld  fo llo w  to the end o f the 
chain. O n ly  a defect in the structure o f the P V C  chain  
m igh t interrupt the recreation o f allyl group.

Created p oly en e  sequences are m u ch  shorter, than  
the above-presen ted  m o d e l predicts. It fo llow s from  the 
analyses o f U V  and  IR spectra [11— 14]. It w as fou n d  that 
the m ean  n u m ber o f m ers in a p o lyen e sequence depen d  
on tem perature and  d id  not exceed 30. This n u m ber is 
m u ch  low er than the n u m ber o f m ers in a typical P V C  
chain w h ich  contains u su ally  300— 1700 m ers. Such fast 
term ination o f zips cannot be caused on ly  b y  defects in 
the structure o f p o ly m er chain. The investigations of 
M c N e ill  an d  co -w o rk ers [15] sh o w e d  that the m ean  
n u m ber o f defects in a P V C  chain w a s low er than the 
n u m ber o f p o ly en e  sequences. It is also evident, that the 
n u m ber o f th ose defects does not dep en d  on tem pera­
ture. The m ean  n u m ber o f m ers in a p o lyen e sequence  
decreases w h en  the tem perature increases [1 4 ,1 6 ] . A lso  
Braun [11], w h o se  paper belon gs to the m ost frequently  
cited in the literature relevant to D H C  process, points  
ou t the lack o f relation betw een  the n u m ber o f irregulari­
ties in the P V C  chain and the rate o f D H C  process.

It fo llow s from  a b ove d iscu ssion , that propagation  of 
zip s d oes not en d  spontan eou sly . Fast term ination of 
zips is not caused b y  the degradation  o f the chain. D H C  
process runs at the tem perature betw een 200— 3 00°C . 
Light m olecu les form ed from  p olyen e sequences, broken  
from  P V C -c h a in , sh o u ld  v ap o rized  at these tem pera­
tures. O u r m ass balances o f D H C  products h ave sh ow n , 
that volatile  p yrolysis products o f heating P V C  to tem ­
perature o f 250— 3 0 0 °C  d o  not exceed 10 w t .% . It gives  
the eviden ce o f a fast chem ical deactivation o f the allyl 
g ro u p  rather. Z ip  prop agation  m a y  be term inated by  
even  faster reactions o f the conjugated d ou b le  bon ds. 
There are tw o  possib le directions o f such reactions: intra­
m olecu lar cyclization  o f the chain and cross-linking re­
actions betw een  the chains, according to the D iels— A l­
der reaction, for exam p le [1 7 ,1 8 ].

The other m ech an ism  o f deactivation o f allyl group  
m a y  be creation o f the positive charge after each rem oval 
o f а СГ ion  in the course o f zip  propagation  [13]. The  
lon ger the p o ly en e  chain is, the m ore delocalized  is the 
charge and  the m ore difficult can be H + ion  elim ination, 
necessary for D H C  process continuation. H o w ev er  m en ­
tio n e d  a b o v e  tem p e ra tu re  d e p e n d e n c e  o f len g th  o f  
p olyen e  sequ en ces is an argu m en t against that h yp oth e­
sis.

The next q u estion  is a possible interaction betw een  
ev o lv ed  H C1 and  m ers o f P V C  or o f zip . The discussion  
o f that p roblem  has not been finished [1 3 ,1 9 ] . There are 
no cogent eviden ces. The interpretation o f the results of 
experim ents, in w h ich  the change o f HC1 concentration  
in the gas ph ase over the sam ple  is taken into account, is 
especially difficult because o f m u ltitu d e o f param eters 
[13, 20, 21]. T h e errors in analyses o f sm all differences of 
H C1 a m o u n t in a gas (rich on  H C1) is very big. HC1

evolved  from  the p o ly m er is on ly  a sm all part o f the total 
stream  of H C1 leaving the reactor. T h e m o st co m m o n  
opin ion  at present is one that H C1 catalyzes D H C  pro­
cess o f P V C  [1 2 ,1 3 ,2 2 ] .

A im s  o f our present w ork  resulted from  the conclu­
sions concerning the m ech an ism  o f D H C  reaction. To 
explain  this p h en om en on  w e  h ave determ in ed  am on g  
other, the effect o f d iluting addition  o f PE on the course 
o f the process o f P V C  dehydrochlorin ation .

EXPERIMENTAL

Materials

P V C  S67 (К n u m ber = 67) w as p rod u ced  b y  N itrogen  
W o rk s T arn ów -M ościce , w h ile  P V C  plastic containing  
7 7 %  of this p o ly m er and polyeth ylen e (P E -LD ) w as su p ­
plied  by O rlen  S A , Płock. P V C  w a s purified  b y  d issolu ­
tion in cyclohexane and  precipitation  w ith  m ethanol. 
The m ixture o f both p olym ers w as prepared b y  rubbing  
p ow d ered  polym ers.

H C1 volu m etric  standard are d elivered  P O C h  G li­
w ice.

Methods

The experim ents w ere p erform ed isoth erm ally  in a 
glass reactor im m ersed  in the oil bath w ith  tem perature  
control. This bath enables to keep the tem perature con­
stant w ithin  1— 2 °C . Tem perature o f the experim ents are 
given  on the pictures or at discu ssion  o f the results. Sam ­
ples w eights o f pure or (m echanically) m ixed  p olym ers  
w ere in the range 0 .6— 0.65 g, sam p les o f plastics w ere in 
the range 0 .6— 1 g. S a m p les w e ig h ts  w ere m easu red  
w ith  accuracy 0 .0001 g. T h e ev o lv ed  H C1 w a s  trans­
ferred from  the reactor to the absorber w ith  a stabilized  
stream  of an inert gas. The a m o u n t o f absorbed H C1 w as  
m e a su re d  c o n tin u o u s ly  b y  co n d u cto m e tric  m e th o d . 
Concentration o f HC1 w as counted u sin g  a curve deter­
m in ed  during calibration w ith  H C1 solu tion s.

The D SG  200 N etsch  calorim eter w a s u sed  to record  
the D S C  spectra. The sam p les w ere heated in helium  
from  4 0 °C  to 3 0 0 °C  w ith  heating rate 2 °C /m in .

IR spectra w ere recorded usin g KBr pellet technique. 
The pellets w ere prepared b y  m ix in g  and pressing either 
p o w d e re d  P V C  or p o w d e r e d  A D  ca rb on izate  o f the 
k n ow n  degree o f D H C  w ith  the p o w d ered  KBr.

FT-IR spectra w ere taken on u sin g  FTS 175C  IR spec­
trom eter (production  B io-R ad).

RESULTS AND DISCUSSION

Figure 1 presents the dep en d en ce o f D H C  degree ver­
sus tim e. The P V C  sam p le (curve 1) w a s  free o f stabili­
zers. A t  a constant tem perature, the rate o f non-cata- 
lyzed  P V C  decom p osition  reaction {race) d ep en d s on the 
concentration o f d ecom p osin g  -C H 2-C H C I- m ers only :
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Г dec = к f [ - C H 2- C H C l - ]  (3 )

0  5 0  100 150 2 0 0  25 0
Time, min

Fig. 1. Comparison ofD H C curves ofPVC (1) and its mixture 
with 12.6 wt.% of PE (2) dehydrochlorination at temp. 240°C; 
m —  maximal DHC rate

It is ev id en t, that the rate sh o u ld  decrease w ith tim e, 
becau se the n u m ber o f not d eh ydroch lorin ated  -C H 2- 
C H C 1- m ers decreases w ith  the extension  o f the reac­
tion. T h e sh ap e o f the curve 1 presented on the Fig. 1 
proves that D H C  reaction o f P V C  runs b y  consecutive  
steps. In the first step  no ev olv ed  H C1 leaves the sam ple  
practically —  H C1 u n d ergoes absorption  in the sam ple. 
T h e initiation stage d oes not result from  inertia o f a p p a ­
ratus. Tem peratures o f sa m p le  and o f oil bath are the 
sa m e p ractically  instantly. W ith  the tim e the sa m p le  
saturates w ith  H C1 and  H C1 diffu ses to the gas phase.

time of DHC. h

Fig. 2. Effect of temperature on PVC window profiles dehydro­
chlorination; temperature: 1 —  260°C, 2 —  300°C, 3 —  
400°C

The rate o f H C1 d iffu sion  from  the sa m p le  to the gas 
ph ase raises rapidly, reaches a m a x im u m  and decreases  
abnorm ally. The decrease o f the D H C  rate is faster than  
it sh ou ld  be expected us a result o f exten sion  o f reaction. 
It w as fo u n d  (Fig. 2) that the final step  begin s at low er  
D H C  degree w h e n  the tem perature o f D H C  reaction is 
low er.

The experim ents, based on  m easu rin g  o f the tim e of 
HC1 evacuation from  the sa m p le  after freezing o f the 
reaction, w ere perform ed w ith  the aim  to elucidate that 
property . T h e  reaction  w a s  fro ze n  w h e n  the sa m p le  
reached the assu m ed  degree o f decom p osition . Figure 3 
presents the depen den ce o f the tim e o f H C1 evacuation  
on D H C  degree for several selected tem peratures. It can  
be seen that the plots sh o w  m a x im u m s o f HC1 evacu ­
ation tim e. A d d ition a l experim ents sh o w ed  that this ef­
fect is not an apparatus artifact.

0  2 0  4 0  6 0  8 0
DHC degree. %

Fig. 3. Effects ofDH C degree and temperature on time ofHCl 
evacuation from PVC sample at various temperatures; tem­
perature: 1 —  240°C, 2 —  250°C, 3 —  260°C (with higher 
inert gas velocity)

T h e character o f the course o f experim ental curves, 
presented in Fig. 3 , m a y  be explained as fo llow : d eco m ­
position o f P V C  occurs ran d o m ly  in the w h o le  v o lu m e  of 
P V C . A t  the b e g in n in g  the rate o f  D H C  reaction  is 
greater than the rate o f H C1 d iffu sion  to the gas phase, 
because the sam p le  absorbs H C1 ev olv ed . The state of 
P V C  aggregation  com p lies w ith interm ediate state be­
tw een an am orp h ou s solid  and  a liquid . T h e sorption  
capacity o f such sa m p le  m a y  be h igh . In the course o f the 
d ecom position  process, the ratio H / C  atom s in the sa m ­
ple g ra d u a lly  decreases, w h ich  causes the ch an ge of 
sam ple consistence. The deh ydrochlorin ated sam p le  has 
the form  o f a sintered m atter and m a y  be easily p o w ­
dered. The porou s so lid  loses capacity o f H C1 absorption  
because o f the viscosity  change, w h a t results in rapid



340 POLIMERY 2003, 48, nr 5

decrease o f D H C  rate. The transform ation from  a liquid  
to a sintered m atter proceed s at low er D H C  degree, 
w h en  the tem perature o f the sam ple  is low er. It agrees 
w ith  an observation  that the last step o f D H C  is longer at 
low er tem perature. That causes the decrease in H C1 ab­
sorption  capacity, w h ich  in turn causes the abrupt d e ­
crease o f the D H C  rate, in accordance w ith the observa­
tion that com p lete deh ydrochlorin ation  o f P V C  is im p o s­
sible at lo w  tem perature. The com parison  o f the coordi­
nates o f the m a x im u m s presented in Fig. 3 w ith inflexion  
points at D H C  kinetic curves, that are presented in Fig. 1, 
su g g ests  a relation  b etw een  these both  characteristic 
points. This relation confirm s that H C1 sh ow s autocata- 
lytic effect on  D H C  rate.

Interesting  results fo llo w  from  D H C  experim en ts  
perform ed w ith  m ixtures o f P V C  w ith PE. The polym ers  
w ere m ech an ically  m ixed , but they form ed an uniform  
^u asf-hom ogen eou s m aterial after heating up to D H C  
tem peratu re. It seem s that m ixin g  o f those p olym ers  
sh ou ld  not influence the rate o f D H C  reaction, if the in­
fluence o f PE on the rate o f D H C  reaction is lim ited to the 
increasing a distance betw een  P V C  chains and if zip  ter­
m ination  is not caused by cross-linking reactions. So, it 
w a s expected that dilu tion  o f P V C  b y  PE w o u ld  not in­
fluence the rate o f D H C  process or it w o u ld  m ak e it 
easier, in proportion  to the participation o f cross-linking  
reactions betw een  the chains at zip s term ination.

The d ilu tion  o f P V C  w ith PE caused the decrease in 
D H C  rate (Fig. 1, curve 2), contrary to the expectations. 
T h e observed  decrease in D H C  reaction rate m a y  be ex­
plained either b y  the capture o f C l radicals b y  -C H 2- 
grou ps o f PE or b y  the low er activity o f HC1 in the sa m ­
ple d u e to its dilution . The second possibility is m ore  
probable because the -C H 2- grou ps are also present in 
p o ly (v in y l chloride) m ers -C H 2-C H C I- and they are less 
distant than the -C H 2-  grou ps in PE. T h e influence o f the 
H C1 concentration on D H C  rate confirm s the evidence of 
the catalytic properties o f H C1 in this reaction. The se­
con d, besides H C1, „p r o d u c t" o f decom p osition  are the 
d o u b le  bon d s in the P V C  chain, that are not influenced  
b y  PE (lack  o f  sp ecific  effect). A s  it w a s m e n tion ed  
above, H C1 d oes not autocatalyze the k n ow n  lo w -m o ­
lecular D H C  processes. It points out that during D H C  of 
P V C , H C1 catalyzes the zip  propagation  or it influences 
the z ip  length. It is secon d argu m en t that delocalization  
o f electric charge m a y  not be the reason o f the inhibition  
o f D H C  rate.

The described experim ents dem onstrate catalytic in­
fluence o f HC1 on the rate o f D H C  reaction o f P V C . F igu­
re 4 records D S C  curves obtained for tw o P V C  sam ples, 
w h ich  w ere heated u p  to 3 6 0 °C . O n e o f the sam ples w as  
a p o w d er; the other w as a tablet pressed from  the sam e  
P V C  S70 polym er. Endotherm ic peak o f the sam ple  with  
higher den sity  is h igher and a m a x im u m  is m o v ed  to 
low er tem perature. A  difference betw een the curves can 
be explained in agreem ent w ith our h ypoth esis. It can be 
assu m ed  that D H C  reaction runs faster in the sam ple

0 100 200 300 400
Temperature, "C

Fig. 4. DSC curves of PVC samples with different densities: 
1 —  powdered PVC, 2 —  PVC pellet formed under pressure
1.4 MPa; heating rate 2°C/min

w ith  high er density, b ecau se H C1 d iffu sion  rate from  
such a sam ple  is low er than from  a sa m p le  w ith low er  
density.

A s  w e  h ave presented, H C1 concentration in a sam ple  
changes d u rin g  D H C  process. If H C1 catalyzes prop aga­
tion o f zips (or it inhibits their term ination), they sh ou ld  
be shorter after inflexion poin t on  the D H C  curve (see 
Fig. 1). This conclusion agrees w ith  FT-IR spectra pre­
sented in Fig. 5. T h ey  w ere recorded for the pure P V C  
and A D  carbonizates w ith  D H C  degree 2 1 %  and 5 8 % .  
C arbonizates w ere the products o f the kinetic experi­
m ents conducted at the tem perature o f 2 5 0 °C . A b so rp ­
tion ban ds, betw een 1600 and 1650 cm ’ 1 in this Figure, 
belo n g  to the stretching vibrations o f  the conjugated  
d o u b le  bon d s in polyen es. A  clear split can be seen  on  
that absorption band fo u n d  for carbonized p o ly m er w ith  
D H C  degree 2 1 % . This split o f absorption  band declines  
on  the curve o f carbonized p o ly m er w ith  D H C  degree  
5 8 % . From  this analysis it fo llow s that p o lyen es w ith  the 
highest n u m ber o f conjugated d o u b le  bon d s are present 
in carbonized p o ly m er w ith  D H C  degree b e lo w  5 0 % .  
T h a t d ifferen ce co n firm s a p o stu la te  that z ip  len gth  
changes d u rin g D H C  reaction. T h e d iffu se  absorption  
ban d observed in the range o f w a v e  n u m bers 1550—  
1850 cm ’ 1, g row in g  w ith  higher degree o f D H C , suggests  
the presence o f in d ivid u al d o u b le  b o n d s o f different con­
figu ration . Sh ort z ip s , en d in g  w ith  the defect o f the 
chain, b elon g  to that grou p .

Theoretically, as it w as already stated, the catalytic 
influence o f H C1 on the D H C  reaction m a y  be du e either 
to the facilitation o f the initiation o f the reaction or to the 
propagation  o f zips. R esults o f both steps are the sam e: 
H C1 m olecu les are ev olv ed . The m easu red  rate o f ev olu ­
tion is the m easu re o f the n u m ber o f m ers only, w hich  
h a v e  u n d e r g o n e  the d e c o m p o s it io n , b u t n ot o f  the
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Fig. 5. FT-IR diagram of PVC and its carbonization products showing different DHC degrees: 1 —  PVC, 2 —  carbonization 
product, 21% DHC degree, 3 —  carbonization product, 58% DHC degree

n u m ber o f zips. It is im p ossib le  to state on this basis, 
w hich o f the tw o steps o f D H C  reaction is catalysed by  
HC1. That m a y  be con clu d ed  on ly  in an indirect m anner. 
The noticed ab ove influence o f tem perature, the influ ­
ence o f D H C  degree on the n u m ber o f m ers in a p olyen e  
sequ en ces and lack o f autocatalysis in low -m olecu lar  
D H C  rea ctio n s  s u g g e s t  th at H C 1 in creases a v era g e  
n u m ber o f m ers in zips.

The rate o f H C1 evolu tion  d u e to zip  propagation  d e ­
p en d s on  the rate constant o f this reaction step, and on  
the n u m b er  (the concentration) o f  a lly l g ro u p s (su b ­
strate). H C1 sh ou ld  decrease activation energy o f p ropa­
gation  reaction  a n d /o r  it sh o u ld  protect a lly l grou p  
against secon d ary  reactions cau sin g their destruction. 
Theoretically, w e  can explain  the both cases: accordingly  
to the equation (4) —  so-called  concerted m echanism  of

-СЫ C l-r I-l
w / С / л

H C - CH ( Cl
\ ^ V
НС- L  H 

—-ClbCI

■c^
C l-H

I-I С -  СЦ4 Cl
^CH/
ClbCI

(4)

zip  p ropagation  w ith  H C1 catalysis, and equation (5) —  
hindrance o f secon d ary  reactions b y  H C1 adsorption .

Cl, /
-С -С Ы  H C-CH  
/  W // \
I ЫС- CM H

Cl,\ i
- C - C H  H C-CH 

/ \\ // \ 
H H C-CH  H

C l-  H H -  c i

(5)

H C1 can create a com p lex  w ith  an allylic chlorine atom  
[equation (4)], then activation energy o f propagation  re­
action is influ en ced , or it creates a com p lex  w ith  a d o u ­
ble b o n d  [equation (5)], then term ination reaction is in ­
hibited. Because H C1 d o  not catalyze the initiation step  
of a zip  grow th  so  m ore probably is the secon d possibi­
lity. Reaction o f d o u b le  bon ds presented in [17] fo llow s

preferably concerted m ech an ism . The rates o f these reac­
tions depen d on the distribution o f electron density  in 
reacting m olecu les. A b so rb ed  H C1 ch an ges probably the 
distrib u tion  an d  inh ibits sec o n d a ry  reaction s, w h ich  
elim inate allyl position  in a zip . H C1 can inhibits secon ­
dary reactions b y  steric hindrance too. It su ggests that 
HC1 increases average n u m ber o f m ers in zips b y  inhibi­
tion o f secon dary reactions o f allyl g ro u p . It is on ly  a 
possibility —  w e  h ave not en ou gh  argu m en ts to e lim i­
nate the other possibility, that H C1 decreases the activa­
tion energy of propagation  step.

PROPOSED MECHANISM IN THE LIGHT 
OF LITERATURE DATE

The fo llow in g  conclusions m a y  be d raw n  basing on  
the presented results o f experim ents and on the litera­
ture:

D H C  process o f p o ly (v in y l chloride) is catalyzed by  
HC1, w h ich  form s com p lexes w ith p olyen es. Th ose c o m ­
plexes enable the reaction to proceed accordingly  to the 
„con v en tion a l" (m olecular) m ech an ism . A ccord in g ly  to 
that m ech an ism , H C1 m a y  participate in all steps of D H C  
but the com p lexes o f HC1 w ith  p olyen es sh o w  the m ost  
im portant influence on the overall process rate. Th ose  
co m p lex es m ak e the co n secu tive  reactions o f d o u b le  
b o n d s, leadin g to zip  term ination, m ore difficult. Total 
d eh yd roch lorin ation  o f P V C  is p o ssib le  o n ly  at h igh  
tem perature, because in the course o f d eh ydroch lorin a­
tion the p o ly m er changes its consistence and  looses the 
ability o f H C I absorption. T h e z ip  p ropagation  occurs, 
m o st probably, according to the concerted m ech an ism  
[equation (4)]. That m ech an ism  explains w e ll the influ­
ence o f both the tem perature as w ell as the degree of 
d ecom position  on the zip  structure and the rate o f the 
overall process. A n  influence o f H C I concentration on
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the p olyen e sequ en ce length fo llow s from  our investiga­
tions as w ell as from  other auth ors' w orks [23]. The zip  
length sh o u ld  d ep en d  on D H C  degree o f the sam ple. 
Such dep en d en ce fo llow s from  FT-IR spectra o f P V C  and  
o f carbonized polym er. The increase in the content o f  
shorter p o ly en e  sequences w ith the progress o f d ecom ­
position  w a s reported in the literature [21, 22, 24]. Thall- 
m eier and  Braun [14] ob served , that D H C  reaction runs 
first slow er, and  then faster in a film , obtained un der the 
pressure 500  k g /c m  . P olyen e sequences in that sam ple  
w ere longer.

R ogestedt and  H jertberg [24] h ave fou n d  a strong re­
lation betw een  the content o f labile chlorine (i.e., internal 
allylic and tertiary chlorine) and the rate of D H C  reac­
tion in nitrogen. W h e n  d ecom p osition  w as perform ed in 
an atm osp h ere containing H C1, the p olyen e sequence  
distribution w as shifted tow ard  lon ger polyen es. The v a ­
lidity o f conclusions (e.g., the rate o f D H C  is lim ited  by  
rate o f initiation o f zips) is lim ited  to the begin in g of 
D H C  on ly  because d u rin g experim ents at the m ost 0 .2 %  
o f H C1 w as elim inated . E xperim ents w ere perform ed at 
1 9 0 °C  (i.e. b e lo w  the softening point o f P V C ). This tem ­
perature is too lo w  for P V C  d ecom position . D anforth  
and co-w orkers [19] su gg est that H C1 facilitates the in­
itiation o f z ip s . H ow ever, this conclusion  is on ly  intui­
tive. T hese authors g iv e  no explanation o f the m ech a­

n ism  o f the interaction o f H C1 w ith -C H 2-C H C I- m ers. If 
HC1 catalyzes the initiation o f a zip , otherw ise an elim i­
nation o f H C1 m olecu le  from  an organic m olecu le, such  
autocatalytic activity o f HC1 sh ou ld  be observed —  but 
w as not observed  —  in other D H C  reactions also , w hich  
are p opu lar in organic synthesis.
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