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Relationship between structure of 1, 2-cyclohexane difor mate alcohol
ether estersand PV C plasticizing performance
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Abstract: 1,2-Cyclohexanediodicarboxylate (glycol ether) esters (alcohol ether ester, the same below) were
synthesized by direct esterification between 1,2-cyclohexanedioic anhydride (HHPA) and glycol ether
(ethylene glycol methyl ether series, ethylene glycol butyl ether series), and characterized by FTIR and
HNMR. Polyvinyl chloride (PVC) products with alcohol ether esters plasticization were then analyzed for
their mechanical properties, micro-morphology, thermal stability, migration resistance, volatility resistance
and weather resistance. The results showed that the plasticizing effect of alcohol ether esters was positively
correlated with the ethoxylase when the number of unilateral ethoxylase groups was less than 3. Compared
with the PV C product (DOP/PVC) plasticized by dioctyl phthalate (DOP), PV C product (HHPTEM/PV C)
plasticized by 1,2-cyclohexane dicarboxylate (triethylene glycol methyl ether) ester (HHPTEM) exhibited
an elongation at break improved by 88.0%, and the temperature of 5% mass loss increased by 20.2 °C,
while the mass loss rate in n-hexane and toluene decreased by 7.6% and 4.9%, respectively. In the
volatilization test conducted at 70 °C, the mass loss rate decreased by 1.9%, and the elongation retention
rate at break increased by 8.6% after 10 d of ultraviolet aging.

fs HE: 2023-09-04; EFAHE: 2023-09-28; DOI: 10.13550/].jxhg.20230735

E&WH: ERHELAMLIRTE (2022YFD2200802 )

EEE v RS (1998—), B, #it4:, E-mal: zhaowenhso@njfueducn, BERA: K#E (1963—), B, #H¥%Z, E-mail:
zhuxinbao@njfu.com.cn,



5% 8

BACEE, G5 1,2-PRC ke — W IR EEBERRZE 14 5 0 28 PV C PERERY X AR

- 1841 -

Key words: 1,2-cyclohexane dimethyl anhydride; ethylene glycol ethers; weather-resistance; environment-
friendly plasticizer; 1,2-cyclohexanediodicarboxylate (glycol ether) esters; polyvinyl chloride; rubber and

plastics auxiliaries

B YRR — AT DL SRk ] S R R R, O
W T H T YA M RE R E B AR I T B, Tz N T
BRE . B R B A 2 R . 2023 4,
AERIE IR T I FURORE 28 % 1110 {23600, Hd, L
A2 R - HE (DOP) FMIABZE — HI iR — T [k
(DBP) Jg {3 i 48R — H 1R g S 14 98 5% 1) T 4
Wik 65%2, SR, AR T H R ER S 8 5 7R
i AR S e A R AR T R G E Y RS,
BB Rk E KBRS . PR 58 R4 R —
FH TR i ) B P 458 959 8 R A 9 48

IRLR R A A 5 AR AR W 5L 0 A O e — H R TR
K. OHESK. BEEREN, R LA KRR N
JEURFAG AR SR IR, AR RR R BRR I A
A FgR | HmmE s, Hodh f#[E BASF A wIJF
KB RE-1,2- "R I " F Tl (fAi#K DINCH ) J&
— B R BEA K (PVC) 1ERURES 50 M
LI IIF LM AESE R — IR R, HAME. o
M . O R B A BRI, £F A BR b e
REACH ( Ak i . 374G . 7F T FBR ) ZsRE,
BN M S A B DOP Y ¥ ) 2 — | IF7E
BEyraebl (InTESTRY . MRS ) Ry B e,
SR, DINCH 78N it 2 Fh 5 A /e — 2 n] i,
FEHLE M HS PYC M A PER DOP 22119 M
SEINIE PVC R A & DOP, X R T DINCH
BN FHERES

L PERARE (WEEE) R—REA TN E
B BRIk B AL A Y . LABERE A —OCR N JECRL,
T8 L kAR R, TR T R B I R R
Sy FAE, TGRS & T 2 A A, 2
B9 PV C B HIAE R BR A 184 95 570 1 A SR 2H 7 RT3
FOESEFRN BT A S R TAE TP U T Y
B, 45 T RS T MR & T EEREER A L)L R LA
A MR A B SR SRR 2 R R R A R S Ak
TR T Tk e 1S 5 0 M RO L ) B 4
Mo BROT¥AMEEIR AN, SR SR A A, &
AN 3R G i 7 PG R 1T 2 A, 2Rt 2 B
M, D] X A B I 58 T ARk o) i 198 T A 2 Al
TR ERESR . HAT, $ETF SRR A B X R A
FEA0 2 SN | R E SR R il
PSR AR ok, ] SRR PV C it
i 1 B O BIF 930 JLAR S A 3l o 402K — H R R 25 3
ST 25 K TP I R R R 1 LA B B o R AR D 24, i
LRI IAF DINCH 43 F ARAFAE X — )

LT, WS DOP K DINCH fh 45+ 5
REdF A R AT, DL 1,2-38 O b — H R IF
(HHPA) F1Z ZFEEE R JERL, Hil s POk . g
fIGGE . BT ) R PG IR, XHZ R 7= b
MR RIAT RGN, 456 MU 25 A MR i
FERYIE 5], J+5 DOP & DINCH #H7EREXTEL, B
TEFF Kt BE 70 R AN 28 4 T 5 - B AL e 14
7 DOP, H HAG — 7 M AP 1) o g FR LR 15 ¥ 711

1 SRIGERSY

11 RAFENEE

HHPA, Zr#rali, 132 s bR AE LR A A B
N CTEWERE, 2 TR, 2 TR
WO EEHE . TR, OB TRE, =4
TR TS, Tk, TLHARIRALE AL A B A
H28 . NaOH, Zr#irali, B s b0l e dn A FR A Al
ToKOEE, IECKE. MIGRREE . BEIRMRES . PU&(nk
W, el 254 k2R A IR/A R ; DOP,
Tk, W RFEEMRIRA AR E; DINCH,
SrATal, LgRTR T AR R A R AR, PVC
(DG-1000K ), Tk, KK TR A BRA
Al ERERAEAL ] I PR sk mimg ) U9 Z&4mK
A il

VERTEX 80v AU LR 2T S (FTIR),
785 [ Bruker /A ) ; AV 600 MHz k% i L PR I 154,
£ [# Bruker 2 7] ; E44.304 BT REIREGHL, £ E MTS
Z3vH]; JSM-7600 BT AL (SEM ), HA
M, 7 bk £k ; DSC-3500 A 22 7% 47 4 4 #Y
(DSC). DTG-60H HI# & A #1{L ( TGA ), f[H
NETZSCH /v w]; Z-UV 24b b4, bk R
NI
1.2 12-MREIR_FRERZ —EEBEBRI & A

HHPA FilZ, —Ffti i B iEmRfb ik hl & 1,2-3F
Clbe —H R 2 —Imkls, SR r .

(0}
(6]
(0}
O+ ofoly — CI S oo
(0] (6]

RAFEI T H:, HRAFEN, n=1~4; HRFTEE, n=1~3

DL & 1,2-30 O e — F R — (& — 1 WP k) Fis
(HHPEM ) S| . HX 77.08 g (0.5mol ) HHPA, #%
n(Z " BEREE) : n(HHPA)=2.6 : 1 B2 —Fs H k4%



- 1842 -

A% @m & T FINE CHEMICALS

5 41 %

NF A HULBIEFE . 37K 2% v B 1 U L Be iR
FER UM A 3.85 g( HHPA i 1Y 5% ) (1) [ A2 ( 7%
FEHAR ) LA 23.12 g ( HHPA iR 30% ) H
7, PR ZETHEE 110 °C, iR 1 h, BiE
ZeTFHE R 120~135 °C, fRiE 6~7 h, 3 HHPEM
FL= 5, MK GBIT 1668—2008 38 4o il {8 ik 2 111
Hrr il b 3R 98.2%.

AR CEEH RN O T BEHE . =2 FEH
Bk, U —EEHEE, £ BT EE, 2 EE Tk
SO TR, R a(BERE) © n(HHPA) 525108 2.5 ¢
1.24:1,24:1,24:1, 24:1, 24:1, 153
1,2-FR 2 ke = W iR —. (= 2 — 5 /1 k) ik (HHPDEM)
1,2-3 bt —H iR (= 2 B B ) B (HHPTEM) |
1,2-3 2 e — R — (MU £ — B H ik ) i (HHPQEM)
1,2-3 2 b —H R (& - T BF)BS(HHPEB) . 1,2-
WO bt —H R — (=& — T k) B (HHPDEB) | 1,2-
o bt WM (=2 W T E)E (HHPTEB) KL ™
i, BRAEFST )k 98.7%. 99.3%. 98.9%. 98.5%.
99.1%. 98.8%.

F™ i T—0.097 MPa T 43l Jid 2 H 2R FILA S g
Bk, it S RS N BT i 43 ACh 1% NaOH )
=P, W, TEHZEMKOKYE, W, WEZER
WA, A HAR =i . HHPEM, 199.7 g, /™~
% 90.6%, JLEEVIMIL; HHPDEM, 2833 g, j~
#91.9%, LEWIA; HHPTEM, 3620 g,
% 91.3%, R MEHTEIA; HHPQEM, 436.7 g,
JER90.1%, IR AIEAWAIA; HHPEB, 271649,
TR 89.2%, JothiE WA ; HHPDEB, 361.1 g,
FEE 92.0%, IR EPIAR; HHPTEB, 425.2(,
F=# 88.5%, RE I,

1.3 PVC $lmayH &

SFVA RS L 45 PVC W, B0 itk
1R,

F 1 PVCHl&EE TR

Tablel Designof PVC samplesraw material formula

[k Fitelg
PVC 10
4P 4
T R R 4 0.15
T R R 0.05
U ST g 133

HAPBEANR . MR 2647 150 mL Y &0k i
FIBERR A PVC R, 38985 . $AEE R (B AR
PR 5 A IS R A ), 70 0 1 00 1L o [ AR 9 52 4
fift, TERNGEAE—MER, HEFE 12 h, R0
BT HA10em I A, FEIRAMT#E 3,

T KB40 DU LK M ) SR 5 % J 1 3% 11 L5 4% 28 Y B
40 CHYfEIR TIRM T F e 5d, FF UK 23
HR, 15 PVC M. BARRIGIER (x) ¥
) PVC il 5 b x/PVC, 4 DOPIPVC,
1.4 FRIEFHZESMHERENK

Wik 'THNMR X 1,2-3 2 ke — F iR 20— B Bk s

it FTIRXHFRI HHPA & 1,2- bt —H iR 2
TEREER TS RAE, ARl Aom™, £14 64
U, I E A 4000~400 cm

P AP R I A 7 RE IS . AR AR AR
GB/T 1040.3—2006 #1 7 1E, BT HMEER, &Fh
DURE A AR 5 MR, Fr R 10 mm/min,

Wk SEM XA B 4 i AR T AR, W24
W 4x LAsmAL S b, s e Rl 15 kV,

PG AR (Ty) @it DSC #EA7IHL, #
PVC #ilfh (5~10 mg) & TR SABEF, 1R XA
4-80~120 °C, JHE## 5 °C/min,

PAE MR TGA Wi, ¥ PVC Hildh (5~
10mg) EFRAAMT, X EN 50~700 °C,
THE# 2 10 °C/min,

it S A PEBE M4 GB/T 3830—2008 #1713t :
B8 B7 RSk 20 mmx20 mmx1 mm BORE 54558
AK . KO, FEEMIEC K 4 Mt d, 1
TR (2342) °C. WJFF 50%+10%H FRis F#+E 24 h,
B B RE S R, T 50 °C R IETR TH: 24 h, HFh
RN 341, MEMHTERE (4, %) @ik (1)
T

nl%="2""2 100 (1)
m
KA my Fomy 3 B AE SR AT FUGE T )5 A9 5T

=

=, (o

i 4% & MERE A L B AN R - B BT R SF
20 mmx20 mmx1 mm [HFEETE 70 °C T fH R H
24 h, BEEECHEIFEHIEEE . BRI 3 4,
Wt (2) R ERKE (6, %), Hid i
I FRVEHBE S BT 2 % P RE o

o1%= %100 (2)

ms

e ma A mg 5y BUENFE ST RTE W, g,

LHNEAL MR R Q0T R85 RS R 40 mmix
70 mmx1 mm B BTSN LR, BE AT 1A A
(UVA-340) SEURFFE G, BORERMIh 1, 2, 3.
5. 7. 10 d, XFHOMEH F B, 10 d 5 X
rn HEA TR RE I, KRR R BT B A8 R
FEAIRE I 3 AR, AR (3) THE B R S LR



5 8 1 BASCEE, 45 1,2-3R e — W R BEEBE R 451 53598 PVC MEREM G R - 1843 -
FE (o, %): HHPEM h a9 Tg
. f 8] . owsod g w g
! %=-2x100 (3) i

n
oy B S BIENARE S E AL RT IS B BT 2R | %,
2 Z#BREWE

2.1 FEFREHMRIE
211 FTIR 447
&l 18 HHPA F1 7 /S BERE R 7= i 09 FTIR 3% &

HHPA '_ ol
|
;

| C=0 : | c—0—C !
1 A 1, !
1O 1855 emt € —>1775cm1 |

; |

HHPEM

HHPDEM

HHPTEM v
HHPQEM v | 1\ ;
BEEC=0 ' E"EC—O—C BrgEC—0—C
I1730 cm"v <_ 124§ cm” ‘(— \ 1120 cm™ |
3500 3000 2000 1500 1000 500
WE/em™
b i
HHPA W\ :
| BEFC=0 1 |1 TEFC—0—C!

L0l 1gsscmt € > 1775cm |
L

HHPEB

HHPDEB

HHPTEB

LU mc—o——c

[ C:O BEC—0—C
J730em <—l 1245 cm” +E V—> 1120 cm!
3500 3000 1600 1500 1000 500

e E/em™

K1 HHPA JKEERERR ) FTIR 3551
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Fig. 4 SEM images of fracture surface of PVC samples
plasticized by various plasticizers
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Fig. 5 DSC curves of different PV C products
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Fig. 6 TGA curves of PVC products
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Table 2 Therma decomposition temperature of PVC
products at each stage

*EF‘ Eﬁ-l;’é %IJ TS%IOC TlO%/OC TlS%IOC TZO%IOC
DOP/PVC 236.6 253.3 265.2 273.7
DINCH/PVC 235.6 251.8 262.4 268.7
HHPEM/PVC 194.0 226.8 243.4 254.8
HHPDEM/PVC 235.9 251.7 259.0 262.8
HHPTEM/PVC 256.8 267.9 274.6 279.3
HHPQEM/PVC 252.7 268.4 276.1 281.3
HHPEB/PVC 221.9 237.8 249.7 260.0
HHPDEB/PVC 245.1 259.1 267.9 274.3
HHPTEB/PVC 250.0 262.9 271.6 278.0
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Fig. 7 Migration resistance of PV C products
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