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Application of Bio-based Plasticizer Isosorbide Diheptanoate in PVC
Li Yongpeng', Cui Ran*, Xi Zhenhao', Zhao Ling" °
(1. State Key Laboratory of Chemical Engineering,:East China University of Science and Technology, Shanghai 200237, China ;
2. School of Chemistry & .Chemical Engineering, Xin Jiang University, Urumqi 830046, China)

Abstract : A bio-based plasticizer isosorbide-diheptanoate (SDH) was synthesized by using isosorbide and n-heptanoic acid.
Compared with traditional plasticizer dioctyl phthalate (DOP) and dioctyl terephalate (DOTP), the plasticization performance of
SDH, including the interaction between plasticizer and polyvinyl chloride (PVC), mechanical properties, thermal stability and
migration was studied by infrared spectroscopy, tensile test, dynamic thermomechanical analysis, thermogravimetric analysis,
volatility and extraction test. The results showed that the interaction between SDH and PVC chains was stronger. The PVC /
40SDH sample showed higher flexibility than the same proportion of DOP and DOTP, in which the elongation at break increased by
26.29% and 33.89%, respectively, on the contrary, the corresponding glass transition temperature decreased by 1.67°C and 4.15°C,,
respectively. The thermal stability, volatility and extractability of SDH were between DOP and DOTP. The work shows SDH has
excellent plasticizing properties and can replace DOP and DOTP.

Keywords : bio-based plasticizer ; isosorbide diheptanoate ; polyvinyl chloride ; plasticization performance

A LM (PVC) M0 H 5 b O i FIAT, BRI 5K © 1t 1000 J7 t,
HEIZ JTZA TR JLEBCE MR AP ARR T R EE IS N 2 5 85%, (ELH T4 4 A
45 B B BTSRRI, T PVC BETEREL BTy ﬁt?@iiﬂi*ﬂﬂ’ﬂﬁﬁﬂféﬂ??ﬁ@
W‘M’Eﬁﬁ,,@ PVC IR AL R KRR ) P SZ BRI IR ) e, PR £ Jd B o] it
P SR 2E MME LN T e A A — 7 1 %IﬁTXﬂ‘i%giﬁﬂnUE@V&ﬁﬁt el

FEYEFR), AT f PVC il il B R RO SEBIME  RT T FHETT & , Az P S0 SRR U T T H AR B,
PR A ERE U SRR Aty B A A R K A5 20 1 5

ESWA : PSRRI 55 9% L Ui 0 H (22221817014)

BIREE : W0, B, EEOIE R TR RS N TR E-mail: zhhxi@ecust.edu.cn

Yr#m B H# - 2019-12-16

SRR AU, K, B, 55 | AR S S50 S L AL PR RAE PVC R I [3]. TTAREELI T , 2020, 48(3):22-27.
Li Yongpeng, Cui Ran, Xi Zhenhao, et al. Application of bio-based plasticizer isosorbide diheptanoate in PVC[J]. Engineering Plastics
Application,2020,48(3):22-27.


杨超


KA AR

WAL — BElig (e PVC R H] 23

(A s — PP LA DS A 5 i A 3k i, T 5
U7 1 3 o T R A S L A g Y B AT
R A TR i 2 348 8 SRR B %) £ 2 &5 + R B b AR
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P 020 Jf 542K — I iR ik (DOP) Ak} 7% —H!
fik —=FTig (DOTP) Xf kb, 5 HAE N PVC R 28
R ATk
1 SCIEES
1.1 R

PVC : S700, HE A L& A1 A FRA W]

SEINAEE . 4l 98%, FThr T k54 PRl

1EBEAR - 411 99%, Brhr T 385047 FRAA 7l

FEATRESEF] . BZ-105P, WAk T A FR /N7

X B R R - 4l 99%, b Ik 2E i A
BT

DU SRR < 43 HT4E, m‘zT A PR AT
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DOTP . 4jiJi 98%,BThT RAABR A A
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AR IS LR T P FH T U B : DF101 s Y, |
ISR AN FRA T 5

i T H BIL K 3 4% - 51K9ORA-CF AU, | Hi
JHEAE W H A B F]
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B R N AEH R 3R T R LAY 60 g, IF
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160 °C 5 i , 4 2 v 1) 1F B R 5 1 1 s o 7K e iy 3
L VR BRI AR KA T 2 R B2 P .
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TETEY

2

1 SDH £ i i Jr
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1£ 500 mL #EJE I H n A 10 g PVC B g #1 .
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ZKM, 7E 40°C N HE I FEE . 6 h JEei R
T HAR 15 cm pysEFRIL, JF 7 55 B A 42 B 1 B 9
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Jabke PVC DOP DOTP SDH #a&EH]
PVC 10 0.23
PVC/40DOP 10 4 0.23
PVC/ 40DOTP 10 4 0.23
PVC / 10SDH 10 1 0.23
PVC / 20SDH 10 2 0.23
PVC / 30SDH 10 3 0.23
PVC / 40SDH 10 4 0.23

1.5 a5 R AE
(1) LLAMERE AT .

K H FTIR 4%, 7 4000 ~ 400 cm™ 14 i3 1 35 [l
NS R PVC R, 0K 4 em ™,

(2) T2 ErE L

2 GB / T 1040.3-2006 , 5% JH 1 77 REA Bk
ISHL, 208 T LA 20 mm/ min f8 38 5 SR AL AT L
fif, BB A A B sk KA ) Fl e ROE 728
DLk 4l PVC i3 PVC liEFFE’JTMEPﬁEﬂ
WA 3 B AR 6 RIBULSE- 39 1R

(3) hA& 12

K H DMA Y, SR IR 20 wm, 5K 70
1 Hz, MIHIEE —20°C, LA 3°C / min SR THE 2
100 °C, i X AE (50 mm x5 mm x 0.7 mm) it #&
FAIEY] (tand) A4k,

(4) FtaoE M

R A 3%, 75 N, Z80FE N EL 10°C / min /Y
M 50°CTHEZE 600°C, ic & TH i iR 1Y
I T

(5) &M

% i 1SO 176-2005, # HL 20 mm x 20 mm 1E
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PVC / 40DOP
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PVC/ 40DOTP 5.89+0.5 23.7+12 32657 £7.4
PVC/ 10SDH 8.29+0.7 39.3+0.3 188.79 + 4.8
PVC / 20SDH 6.85+0.1 18.4+0.5 3337445
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26 TR 2020 4, 45 48 4,45 3 1)
x4 PVCIXHERNPRENREE C
W T T Ty Ty Ty Hor
PVC 156.6 231815 2985 2741 4622 8
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PVC/40DOP  247.63 257.63 290.13 28411 464.80 06 ‘ ‘ ‘ ‘ ‘
PVC/40DOTP 26219 27219 31219 29445 456.25 2 24 36 4 60 72

o5 — 2 [y Bt & A2 AE 200 ~ 350°C, TN PVC
C—CI I, B B CI 54030 W F 3 - A
H J5E 74 i HCLL (#1715 PVC 8% I st s, [ ihi
RABIT Y C—CI FEKTZY, 15 1 PVC M5 S 0) 5 4
TRE B R AETE 420 ~ 550°C , 1% W B R WA it 3t
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P, 1Ml SDH W&+ DOP.,
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AT, B YRR A A I Bk P A RS I T
PUFRPS A, 75 50% B B i T 78 10%
QW ABAE K P R RS M B, YR )
FEMEAT R AR AR B B -7 R AR 285 A, AR TR

18 -

12

JRR / %

PVC / 40DOP PVC / 40DOTP PVC / 40SDH

= —/K; m— ik = —30%2 0 ; =—10%Z 1 ; =—50%2, %
[51 8 B4 PVC I FELEAN [RIA 7 i 1 B 4 2k


杨超


A AR S

FlE — BENEAE PVC kR 27

R PVC 1Y BT 2R I/ MITUT 4 DOP >
SDH = DOTP, % #] DOP (1 i fifi 4 ¥4 fz 22, i SDH
AP S DOTP #2ik .

3 Zig

(1) A It DOP #1 DOTP, SDH 5 PVC (1) 4} F

B8] 7 B i 5

(2) PVC/ 40SDH i # %2 [A] Lt f4i] 1) DOP #i

DOTP 4 3 10 R 1Y I 244 43 Il 4 25 26.29% Fil

33.89%, T, W73l FAIK 1.67 “C A1 4.15°C, FRBLH B

[ELSES UL

(3) SDH [ A # AR M L 7 & 1 ANt b £ 4 A

T DOP #il DOTP Z[u], H tb##EiR

(4) ZE5 K% , SDH HAHUL DOP i DOTP (1)
w1,
& & 3wk

[1] #Rfms . 59950 Ay = 40 & R Bk (1)1 {1, 2011,
36(1):36-38.

Qian Bozhang. Development status of plasticizers at home and
abroad (Part 1)[J]. Shanghai Chemical Industry,2011,36(1):36-38.

[21 I . SRS R 0 e S R B (3], Ak TR B R 6, 2006,
34(8):81-84.

Ping Yue. Development and prospect of plastic additive products[J].
New Chemical Materials, 2006, 34(8):81-84.

[3] Maeva B, Coline V, Vincent L, et al. Petro-based and
bio-based plasticizers:Chemical structures-to plasticizing
properties[J]. Polymer Chemistry,2016,54:11-33.

[4] Bui T T, Giovanoulis G, Cousins A P, et al. Human exposure,
hazard and risk of alternative plasticizers to phthalate esters[J].
Science of the Total Enviroment, 2016, 541:451-467.

[5] A3 J7HE, B R . 4 850 0 2 P 5 R DG B v 0[], 2Rk B3R
2010(3):43-47.

Shi Wancong, Zhao Chenyang. Plasticizer toxicity and related
restrictions[J]. Plastics Additives,2010(3):43-47.

[6] Evan S, Brian R, Rebecca S, et al. Plastics additives and green
chemistry[J]. Pure and Applied Chemistry,2013,85(8):1611-1624.

[71 #EZR, QAR X5 4) PVC JCEEHG 8 57 (1 N AR R [3]. 28
KR, 2017(6):88-91.

Yong Kuigang, Liu Zhongke, Liu Baozhao. Research and
application of nontoxic plasticizer for PVCI[J]. Plastics Science and
Technology,2017(6):88-91.

[8] Li Mei, Li Shouhai, Xia Jianling, et al. Tung oil based plasticizer
and auxiliary stabilizer for poly(vinyl chloride)[J]. Materials
& Design,2017,122:366-375.

[9] Chen Jie, Li Xiaoying, Wang Yigang, et al. Synthesis and
application of environmental soybean oil-based epoxidized glycidyl
ester plasticizer for poly(vinyl chloride)[J]. European Journal
of Lipid Science and Technology,2017,119, doi:10.1002 /
€j1t.201600216.

[10] Greco A, Brunetti D, Renna G, et al. Plasticizer for poly(vinyl
chloride) from cardanol as a renewable resource material[J].
Polymer Degradation & Stability,2010,95(11):2 169-2 174.

[11] Yin B, Aminlashgari N, Yang X, et al. Glucose esters as biobased
PVC plasticizers[J]. European Polymer Journal,2014,58:34-40.

[12] Yang Yong, Huang Juncheng, Zhang Ruoyu, et al. Designing bio-
based plasticizers:Effect of alkyl chain length on plasticization
properties of isosorbide diesters in PVC blends[J]. Materials
& Design,2017,126:29-36.

[13] Cui Caixia, Zhen Yueju, Qu Junge, et al. Synthesis of biosafe
isosorbide dicaprylate ester plasticizer by lipase in a solvent-free
system and its sub-chronic toxicity in mice[J]. Rsc Advances,
2016,6:11 959-11 966.

[14] Beach E S, Weeks B R, Stern P T, et al. Plastics additives and
green chemistry[J]. Pure Appl Chem,2013,85:1611-1624.

[15] Yin B, Minna H. Oligomeric isosorbide esters as alternative
renewable resource plasticizers for PVC[J]. Appl Polym Sci,
2011,119:2 400-2 407.

[16] Erythropel:H-C, Shipley S, Bormann A, et al. Designing green
plasticizers:influence of molecule geometry and alkyl chain length
on the plasticizing effectiveness of diester plasticizers in PVC
blends[J]. Polymer,2016,89:18-27.

[17] Benaniba M T, Massardier-Nageotte V. Evaluation effects of
biobased plasticizer on the thermal, mechanical, dynamical
mechanical properties, and permanence of plasticized
PVCI[J]. Journal of Applied Polymer Science, 2010,
118(6):3499-3508.

[18] Jia Puyou, Bo Caiying, Hu Lihong, et al. Synthesis of a novel
polyester plasticizer based on glyceryl monooleate and its
application in poly(vinyl chloride)[J]. Journal of Vinyl & Additive
Technology, 2015,22(4):514-519.

[19] Yang Yong, Xiong Zhu, Zhang Lisheng, et al. Isosorbide
dioctoate as a ‘green’ plasticizer for poly(lactic acid)[J]. Materials
& Design,2015,91:262-268.

[20] Lindstrom A, Hakkarainen M. Environmentally friendly
plasticizers for poly(vinyl chloride)-improved mechanical
properties and compatibility by using branched poly(butylene
adipate) as a polymeric plasticizer[J]. Appl Polym Sci, 2006,
100(3):2180-2 188.

[21] Gonzales N, Femandez-Berridi M J. Application of fourier
transform infrared spectroscopy in the study of interactions
between PVC and plasticizers:PVC / plasticizers compatibility
versus chemical structure o plasticizer[J]. Appl Polym Sci, 2006,
101:1731-1737.

[22] Liu Tao, Jiang Pingping, Liu Hongliang, et al. Performance
testing of a green plasticizer based on lactic acid for PVC[J].
Polymer Testing,2017,61:205-213.

[23] Bhakti M, Mukesh K, Anagha S. Benzyl ester of dehydrated
castor oil fatty acid as plasticizer for poly(vinyl chloride)[J].
Polymer International , 2013, 63(8):1 456-1 464.


杨超




