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ALERRA Emik, Mk, FTIR 2 A LA ERE2ARNZ TART
AR AETREY PVC #5% (u-PVC) #u2#H% PVC #& (s-PVC)
QA ERRER B RussLE, GdFRTLEHEB/HFPVC
P30 FEAN HCl df i mE LA, BT T Rlafd e, L2RALZ
LAt RAR LMo MNE I/M, ikl ¥ % 2
Ly, AOBETXEAZEFEMNFH L ERIFBEHARRGH. REZF2}
B OHCl Ry g i Bmid, FRRETHANT AR 4ME HCL KL%
RTREULBAATHEARERRA AR B HCl 242 2R EHILE,

XBIA RELH.GHBEE BRECEBARRERE

EURITERY, ROMET ERERBRMZRE T PVC #57 (u-PVC) W&
BREHEBARERE S TRZEHNXA, RELER RS ESL, REDHH T RAR
Bi HCl 3R RIFEEME X, T AP #&(85H uw-PVC MESESR s-PVC),
Bt HCL ¥R /M, THEEEEXR. EEMXELRERREAENESET
REMZRREERIBHIN, RIOBHTHEFRERLEBR PVC ARRENE
BERB\OPS &R, ATEELIHN PVC HREEHERRESEAB HCLEENNE,
DT BFEABRKEXR HCl METE KD, MmmE—S IR T RITBHOEEE
RERZEWE PVC RARENEERFNLER.

x B B o
EEES |
uw-PVC BB s-PVC REFMIIER, RS04 FRAB HO R FX
RO
2.PVC ZHEHREERINE
BARER(RT, CL) AESRASARE, %X QENRHRLEREL
* 1915 A 15 BREGERAANZESRBME; ** NECKRAMLIATHAR

80




13 A= RELBARBRBUIALRRERE ZFEXAOARE 2. 81

BREZEE. XAAREETESERRERARY, @ 0ERBARRNRIRIETRR
HEAE., BRALERREHLSEICE 2], B&ER 0.9¢/100ml B THF ##,7E
Unicam SP-1750 $R4MN>EEEE I ERIE A 2850m {EROW W fE , L FARITE Cl, 89
&8 ' .

Cl./1000VC = [(F X 62.5)/C] x 1000 (1)

F=56Xd4X10 ()
A ClL/1000VC %% 1000 N VC BEAB THANBARERETH; C% PVC &
BREE (g PVC/100ml); F HBMERIE 100 ml THF HBEHRARNYLE; 4X4%
BRRE.

HWERBONERARBERERBEY, ZHERETRELE —20C R{UITHS T
FEhAEMC=CRMALITHEME, REBEREHNMRT PVC 2 TFEROEMETL R
HNBHERE, TEARXN:

(C=C)ia:/1000VC == (1/M, — 1/(M,),) X 62500 (3)
At (C=C);,,/1000VC X4 1000 MK BT GHMRENEL: M, & (M,), 435
RFEJMBIE PVC RERIEH S TFA.

BREERNERA Morikawa A HgAc MABMMRE, TEY B, 54
T8 ERONR R AR R, RG] Na$,0; #HITREE. SNESEOHTEAR
A

(C=C)1/1000VC = (V, — V)M X 62500/2m (4)
R (C=C)1/1000VC 44 1000 MAKBE TEFHBNEE; V, BV SRESH
RS TR Na,S,0; BMIERIEFEG M4 NaS,0, BRMKE; m% PVC RN
E& (2).

AL REX S BEIUTEA Bruker AT4EFRY IFS-113V B FIR {_F 347, 5
REARBEHROER, BEEA 100um, T RERDBEAE 1667cm™ BONREBFIE S 4EHE
M, {28 K 2cm ™, 3 500 R, L MBI ERUEOEERBEESLE RS
(4/d).

BAENLHESHSBRNERARIEE S, BlY 60mg PVCIEIR 10ml THF 7K
(THF R2F#&M®),LL THF 4iiFESH, FAXE 10mm AURESM, BUE 229mm (=
)R 278nm (=48BI A BRI R, HREE SCER S TR B0 B fn = RIS L R 2K
B Emarstt = 2 = 13042 JX €par,am = 45863, TLURM AT —RR=SHNS K. WEFF
FRINY B R S R,

IRENBERMEZEERTEREN. ZRILENBNESHE, HHEARDT:

(C=C)er = (C=C)r — (C=C)in. — €£C=C, — 2-£C=C), (5)
Kt (C=0C).e: REMENBEE; €C=Cx B €C=Cx HIERKBE_HR=1%
BB ESEBHAE 1000 MK SR TEHENEBEKEE).

iR M
L H#nERE b HCLRRnER
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#1FIMT &% PVC BANEHWME S BB HCl BEEMIEE. BT u-PVC
BREEAFARARBARSETRASIN, BNORBEASERR, BUtRMAE
BE; RS s-PVC ARG SBRM, StMEERE, SRR Cl,
(C=C)r F1 (C=C)... AMEBER, EN=EBL AT HERBRNEREW, HLZT,

RENBEREZ.
"Tab, 1 The structural defects and the rates of dehydrochlorination of different PVC samples
Sample - C* | (C=C)p [(C=C)\er | (C=C)iqe | €C=C; | £C=C De-HCl##*
Ps 1000VC | 1000VC | 1000VC | 1000VC | 1000VC | 1000VC | ((mol/g-min)

u-1 0.97 0.97 1.56 0.98 0.36 0.11 0.05 1.28
u-2 0.88 1.34 2.52 1.59 0.67 0.20 0.03 2.59
u-3 0.76 3.00 3.22 2.43 0.60 0.15 0.02 3.65
u-4 0.64 3.50 4.12 3.03 0.67 0.23 0.10 4.94
u-5 0.52 5.60 5.33 4.50 0.64 0.095 0.05 6.40
s-1 0.72 1.90 1.10 0.20 0.18 0.16 0.88
s-2 — 3.06 2.28 0.25 0.28 0.12 1.68
s-3 0.81 3.22 - — 0.23 0.05 1.64
s-4 1.23 3.26 2.70 0.52 0.04 0.01 1.69
-5 1.25 3.85 3.11 0.62 0.08 0.02 2.21

* The ratid of actual vapor pressure of monomer WC during polymerization to its saturation
temperature of polymerizationy ** The total content of labile chlorine;
#*+ The rate of dehydrochlorination

vapor pressure at the

A 17RH uw-PVC BERANAKAEMASEESHERTIRAERRBER X K.
AT I, B AR SRR S R E AR, o T #RENBNEARER S REM, X&

C),., /100VC or Cly/1000VC

(C=
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Fig. 1 The correlation of the contents of

structural deffects of U-PVC samples with

the unsaturation vapor pressure values of
VC monomer during polymerization

-0 - total labile chlorine;

double bonds

~®- terminal

De-HCl(xmol/g PVC . min)

1 2

Clp/1000VC

1 | T
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Fig. 2 The correlation of the rates of
dehydrochlorination of PVC samples
with the contents of total labile chlorine

-Oo- s-PVC;

atoms

-m- u-PVC
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ZREATHEE TR v-PVC 4 FRAAMRMASEENRA R RH O RHE
RAERARRBEERNEN TR B, _
BARERSRSH HCl #X (De-HC) WXARTHE 2. HERRERSRN
3im,PVC RSB HCL 3R iR , E NEH RIFAR MR REY 0.98)(s-PVC
BREDEMNAREEZRA, XTERHTZREANARERSRME HCl X £
FER N, MBERERANER). 3 s-PVC Ry De-HCl~Cl. BHERRISIRZK K,
e s-PVC HARBEES De-HCl WMBKGEHY, XAER 2 PRE TIiEH. B HC

Tab. 2 The rates of dehydrochlorination of several PVC samples before and
after phenol-substitution

R B B R TR R R
(pmol/gPVC.min) | (#mol/gPVC.min) (De-HCI), (%) chloriae

u-1 1.28 0.30 76 1.00

u-2 3.65 0.90 76 0.93

u-4 4.94 1.25 75 1.06

s-5 2.21 0.66 70 1.20

* (De-HCl), and De-HCI represent the rate of dehydrochlorination of PVC sample before and

after phenol-substitution, respectively

EEMBpARERNEREXRTHTAER:

De-HCl = 1.05Cl, + 0.85 (6)
REER(6), 8L Cly 5#H De-HCl 2% 1.05umol/g PVCemin, X7 E#t—% HEEAR
RERX PVC AAREENRR, NE T HRHBNE S RRARE HCl #EX, 417
F& 2, 2XBERNAF PVC WAREREHADHRE, B HCl HEREIL70—80%, R
FERUSMEEEES B HCl R520—-30%, AT LEARERREEWN PVC i HCl
HEXEREHE. REXRBRRAZERETE PVC B HCl SR, TitHEH
A EEFSIEMAB HCl BEBRIEN 1.05 pmol HCI/gPVComin, 5K (6) N RY
&. F2EBHH s-PVC MWAMNARERX De-HCl EEARTME u-PVC E X,

RN HCl BEAEXELEBAREREST De-HCl FIMRXEHEEE, TR
R ETLIS | & HCL, HERTHARD (1), % PVC i HCl WEBRAREE
8, FTLEARES&E PVC i HCl MEERHA.

EXRPRIALZRALSE PVC HA7ZE 2290m F1 278nm BRI RINR IR R 2, 3
BARMRAERN R NRSBRES T HERR, BRSSP THEFE—C=C—HERHN &
¥, NE3FEL, aXRBERME HCl EEAEM £ u-PVC f1 s-PVC HIFHARRK
—RR, XMERTAR 2§ s-PVC BURRERIIER De-HCl #*ELL u-PVC %
KR, AATREEEENRRERE R B s-PVC R u-PVC Y (C=C); 5 De-HCl
BEPLREACHESEY T, MABRNRSRAMM, B HCl ERinde, 3R NE
HRIIRE HCl WX EFEHE., B 3KREXRTAR (7) 1 (8) FR, Rho0¥s BTN

B T RE R IR MR X 3 & U E IR G 1R Z .
u-PVC De-HCl = 1.35(C=C); — 0.80

$s-PVC De-HCl = 0.68(C=C); — 0.35

¢€)
(®
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De-HCl(zmol/g PVC - min)
- .
T

De-HCl{(zmol/g PVC . min)
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(C=C)r/1000VC (C=Cler /1000VC

Fig. 3 The correlation of the rates of Fig. 4 The correlation of the rates of
dehydrochlorinstion of PVC samples with dehydrochlorination with contents of
the contents of total double bonds i terminal double bonds
-0- S-PVC; -m- u-PVC -o- s-PVC; -m- u-PVC

&% PVC BEGZERIMX 229nm F1 278nm %7 FRANRWck, #% 8 Braun 1 Sonde_
rthof” #f&ME PVC thitiE LM I L HEATS, X MES IR S 5 —
BREE=ME1RN, &R 1 hAHT A=/ 00K E 2 302 0.1—0.3/1000VC X
0.01—0.10/1000VC, BREAILESIR PVC B HCl HEREKWLESHE, EHTH
HBAeRMRE,Afix PVC B HCl REXEIEH. '

A4 M B EEERBOMENSESRSH HCERNXRME, TUEN, WE
RBHERFER) SRR HCl ER X MARYFHORERR, KEREXRT
FRWT:

u-PVC De-HCl == 1.35(C=C),,, + 0.30 €))
s-PVC De-HCl = 0.66(C=C),,, + 0.30 9
Eea (8. 9B RF(6. 7)), FIAE T , i dm

1 Wi GREBREE)R PVC BB HCl #¥

OB RR 2 B RS X B HCIRO TR AR — BAY.

o T 2. LdRRENEEXREENSS TR
gsL ES

S ok MUNBEBEERABERNE NE S &

° L i, B F 4 F R b SRR BRI EE BB AR, 7L

R R GRS B RIFOR R AR, B S

T sy 5 WSARIEBETE—A. ERSHELEESTE

Ard B IFROSRBEAR S e
Fig. 5 The correlation between the CHE67RHET ClL F1 (C=C)r 5 1/M, 89

contents of isolated double bonds and X RS, EAE S TUEH 4C=C>),0, ClL,
R X ’ — 80

the total labile chlorinelatoms of u-PVC

samples (C=C)y =FhskHafkbasy BEHSY T BM 1K T 8
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Fig. 6 The correlation between the contents Fig. 7 The correlation between the contents
of total labile chlorine atoms and the molecular of total double bonds and the molecular
weights of PVC samples weights of PVC samples

-0~ s-PVC; -m- u-PVC

MBS 1M, BRFRREERE, TR, SNEBEREERREARER, Xk
#E—HIEATRNELAOREPUBHAZER.

3. REMAERLEWIED PVC B HCl HERRMOB -SRI

SMEMAEESERZHRURM PVC i HCl MEERE, RTENSERENER
S, FIREE S B R AL IR NN L EE WA R, B4 1937 &, Kharasch™ %
FERTSE HCL X T ZHAOMER R M BRAT 1-R-2-THM 3-F-1-THZRALHEER
HL , X R R 085 50 (0 [ RLA AE B AL IR AR 4E T A fE T (X 10), nEHCIK
TR FeCly, CuCl, %, EZBHMAY HCl WXMRMWILREBEMEMLERN. MERF
FEALH Ve RIS PA b 57 4 (R B L B RRE

H H  FeCl,.CuCl,
CH,Cl—C=C — CH;

® HCl

‘AR Kharasch &M, BEABHEEAMEYTHABBER LRSS BEHMM.
ELIENH, NBEREERARE, BREHS IR PVC i HCl, FEZHMERKEY,
ifi 1-W-2-TIEFEE PVC SRERRERNEI LS, BEARKMLN 3-8-1-THE
REBHETF PVC MERRERLEARANDRRESWNEL, HERIEHT—F
BMERRAEENE PVC ST ERBAHNTBREEEBWONE, 0 FRFR:

HCl,a .
~~CHCl—CH,—CH=CH—CH,Cl—= ~~CHCl—CH,—CHC|—CH=CH, (11)

RINERE,E HCl FLERMBHRET, XMRELCREEEHRT. AR HC 7
HEMRESENDRE HC RE(S FE#PEEENOBRATKRERLE RS IEN
B HCl KBk, PVC Bi HCl RREzhHFE LFEHSANRERTES LE
XU HCl w[{@it PVC MR, IR XM L BEZHMA. ‘

Z R, MESRAREN PVC B HCl WEXERFEL TS EKX, ARt
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BT ETH#E HCl AU TRER SHRAAANTRRLENER.
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STUDIES ON THE RELATION BETWEEN THE STRUCTURAL
DEFECTS AND THERMAL INSTABILITY OF POLY
(VINYL CHLORIDE)

2. THE RELATION BETWEEN THE CONTENTS OF DIFFERENT
STRUCTURAL DEFECTS AND DEHYDROCHLORINATION
RATES OF PVC

HE Zuoyun, HU Xingzhou, PAN Jiangqing

(Institute of Chemstry, Academia Sinica, Beijing, Post code: 100080)

ABSTRACT

The contents of diferent structural deftects of five PVC samples, obtained by polymeri-
zation at monomer unsaturation vapor pressure, and five commercial PVC samples were deter-
mined. The total number of double bonds(C=Cr) and labile chlorine atoms(Cl.) were deter-
mined by bromine addition and phenolysis methods, respectively. The determination of inter-
nal double bonds (C=Cj,,) and isolated doubl bonds(C=Cis0) was carried out by means of
ozonlysis and FTIR methods. It was found that the dehydrochlorination rates of PVC samples
depended linearly on the content of Cly, C=Cr and €C=C),,,, respectively. In addition, the con-
tents of these three structural defects were all correlated linearly with 1/M., so most parts of them
would be the same defect terminal allyl chlorine. Therefore, the main source of thermal
dehydrochlorination of PVC could be attributed to the presence of terminal allyl chlorine
groups. A mechanism, that in the presence of HCl as eatalyst the terminal allyl chlorine can
be isomerized into internal allyl chlorine, was proposed to explain the main role of terminal
allyl chlorine in the thermal dehydrochlorination of PVC.

Key words  Poly(vinyl chloride), Srructural defect, Dehydrochlorination rate, Ther-
mal instability






