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Resear ch progress on bio-based plasticizersfor PVC plastics
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( Engineering Laboratory of High Performance Waterborne Polymer Materials of Anhui Province, School of Chemistry
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Abstract: Petroleum-based phthalate plasticizers have successfully occupied more than 80% of the
polyvinyl chloride (PVC) plasticizer market due to their high performance to price ratio and good
plasticizing performance, but now is restricted in devel oped countries such as Europe and the United States
because of their long-term harm to human health and the natural environment. Therefore, it isimperative to
replace petroleum-based plasticizers with environmentally friendly and renewable bio-based plasticizers.
Renewabl e bioresources with wide distribution, green environmental protection and rich chemical structure,
provide potential for the development of new bio-based PV C plasticizers. In this review, an overview of
plasticizer market at home and abroad was provided. The research progress on different types of bio-based
PVC plasticizers in recent years was summarized in detail, especially the research and application of
vegetable oil (soybean oil, castor oil), cashew phenols, citrate esters, vanillic acid, lactic acid, tartaric acid
and other types of bio-based plasticizers (isosorbate, succinate, etc.). Finaly, suggestions were put forward
in the innovative research of bio-based raw materials and synthetic processes, the application of new
methods combining theoretical calculation and experimental exploration, the plasticizer mechanism of
bio-based PV C plasticizer, the exploration of toxicity and degradability, and the functional development of
products. Bio-based materials were expected not only to contribute to positive results in hedth,
environmental protection and product life cycle improvement, but also to effectively reduce carbon dioxide
emissions, in line with the trend of sustainable development.
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Fig. 1 Global market share of phthalate plasticizers

PEait, 2023 A E G AT T B B ik
980 Ji t, [AIELIEK 6%, ARLfrfrfeii kA,
JUH R RS A YA T Y, E SR T R
iA%E] 1000 J7 t, [A] LG 10%, T3] 2025 4%, [H
P3G SR T SRR i — 2, T B A
F| 1000 J to iXEEHHE R, BT AE E AR
FEERUE ISR A I $dik A, 2014~2021
AF v [ 3 9 ) P B DA 385.3 7 t K 426.2 T7 t,
YR AR 1.45%; Tk 359 J7 t K &
391 U7 t, AEE AN 1.23%, 0 A E 1 5
ATk i F=as R K

HHT, AR S5 2 SR FF IR ER 2 Ak
(), AELRA ot i R 494 8 551 ) ol IS PR LE A2 K . 2017
A, TGRSR AT 2 BRI AR T Y 35%,
FE 2005 4F (129 ) {32, F A A B 4 7]
P 3 kg 1 40961, HE 4511, 2024~2029
AERERAEYFEIE R T UL 4.6%0 5 SRR
WK, TTE] 2029 4F, HAUBOKHE & 2.1 14350,
TS W, 2016 4%, A W 1 YA 57 7 1 4y 887.3 kt,
T LA 9.5%09 3 %4 4K 5] 2025 4Ff1%) 1900 kt,
AR, mMPEIMARRZE ., AJISAML. ik
K, KRB 2w, BardEC
N A BRI AR R T A0



1450 -

# 2w L T FINE CHEMICALS

5 42 %

o [ S50 7 i EEEON L DOP R AR A
R PR HE BN A5 50 Z A b, R, BRORIE I
FU A U, PR TN . R AR IR IR S ek
BB 7 b R R DS AR AR R L A
PR T ARG SR AL, FERS BRIV RE DT A oy
O EAERe o E A KRS Ak T T F) TR
B, FRFE PR TP A A P EOR A S, R
B Ee 5 W AN T T 2852 0%, 07 AR5k
i 29 TR TF R AR, S B0 A S = A
T, Ak, AR T A i R4 AR R T S 1 AR
A W) HE SRS A B B R R U SRR Z A ),
[l e AR B IR O SRR T AR W SR S R 1)
U, BRI T — 2 BT, O B KO
E A BEZAMET, (AR ZM IR
RIS A G B B, 1T R vl A2 JRORH A 28

AR, .

Begiir,

o R AR

e ok ned,

> DL

FHBIH SRR, i

SIABREBITE, # BT A bAS L

Zismes

pH T R APV CHSE]

LY e rerbyeeel .
]

g L B, R

BIEHE, [T L SR, ik

Bk, RER e, BTN

AT JLEZASE

F OB AL R A S 5 S5 BB SRR AT ST . IRk,
BB EP T AR, SHRELKOHRTY
JEURL . ST B R A A R O o, g
MR ARER ., FLMR. WA . SN 380
TR T 552 JEURL 5 B AR W R VR, SRR T LA
DOP flig Sk, BAMGI L . TR, HIEME
SRS, T ERR R (] AP SR AR R
R B A0 0] ) R PR AR P

2 HWE PVCIBEBERMRHER

A ) e 35 9 50 1) I A 32 R BT HL JRURE AT
AL xR . 5 PVC AR A G | S 2R fE
R, IFHHEA—EBIRerE, JLAH UL A= 4 2E
HEIBF R 2 s

P 2 DA ) B 500 1o 40
Fig. 2 Application fields of common biobased plasticizers

21 tEYHEIEER
211 K2 b A

R KGR — MR R, 28 R
BRI AN LG 15 7R 45 3 8 AR 790 B i i A5 3022 BRAR R
AN ToE i 1 AIRREE AR 2 AT R ) Ak
Feor 1458, EAD R IRIR AR
YR B, I FIAE PVC Ry s )23 7esads pvC
b, MEFERTE— R BT DU PVC g C,
WA R 1 B EE RN, 117 HREAE R AR A d %
ARNE PVC BITEE.

STOL P 512455 5 15 S0 1R ok A0 B S8 A0 Tl 12k 7
B RESAE A R T R 2T R R, Hoh, fF
S R AL T Y i IR I, A SRR D PR 1T s 7
A PRER RS, A5 R TR Hh Y LR 9t 7 Ak
MIAEFER, LTI . LA OB B T S HE —
Bt A I B rh AR I B 1 S o 3 O I A M HE

Pr A PE RE (03 4 B, PR SR B B 2R B B K L BR
Wil — B S s, 5 PVCEGREEATL
PR IRMERE , ARk R AR IR = W R G 25 44 28 5
ORI

BURNS %®% 9i, 3RE KT (ESBO) PEAEA
WA AR P RRERIG A5, i IR R
NG T ESBO (1 4 BT ——H ik ESBO £ I0HE
( MEEP ). H & %R 2 — % ESBO it £ JC
( MPEG-ESBO ), H & 31k ESBO kIR fiRfis ( MEFE ).
SLALE ESBO £ Tl 1EEP), MUIEAS T Hxt PVC
IEIAE, IF 5 DOP #EAT T H#k., 45K,
PVC-mPEG-ESBO 1 7 i 5 i i1 7 24 il 4< 3 i 3k
PVC-DOP, Wi RAFIE¥EREET). mPEG EfEfk
ESBO &M A Bk M E Ge i ¥ A0, X Fh
BACEPTTHE 1Y) ESBO AR &, [FIRS AR ER
Hphfeoetene, BA) MR B,



57 b/

J7, S AWk PV C SR BN A T St

+ 1451 -

2.1.2 Rk AR

BRI N BRRF AR O ZE M T,
TR A < B EE R H M B . A R R A
B, BRRIMESH b S A U | BRIE RIS
TEHESEHAT, X A IR EE T F 4R €67 i
DAL I 2 o 5 A 0 R 148 9 590 10 £ 1 R o

FU 2200 B RRah 0 5O, ZBEfL . BREILR
N LT TR AL EE BRIM ( ACO ). PR TN M TR B JFR
M (EACO). RHBEEFRIM ( BCO ), A A H i
EJRRI (EBCO) 4 Fpsf a5, I 5X 8 g — ¢
fi (DOTP) #47 Hu#, PFALHXT PVC 3G ERUR .
#R BN, EACO e fi &8 PVC, PVC-EACO 1Y
P 5 B T 21 535 e PV C-DOTP 5 18.5%
Al 10.0%. WFFEIER & IR, it BUEH FIFE 5L 1 A7 7 B
& THEEAF S PVC AR, 1 PR 8 S AR S A A7
FEN] LAERE S YA PVC I ¥B1RRE 1, BT L EACO
AR R PV C R 2 )1k . FENG 212811 B R
TR A FRE, AR . F RN 2 mE R S ] A
T LB I RRIM AR T ( A-CAE ), 715 DOTP filZ,
BEAFEERR = T IR ( ATBC) #4717 XFEE, AL T =T
PVC 3G ¥R . P ae 45 R &M, A-CAE
SR PVC S W R R 500 Ltk ATBC Fil
DOTP 34 ¥4 J5 1) PV C ki 51 40.4%7F11 77.3%; A-CAE
PRI ) PV CAE S BES AL AR TR B Ty ) 32.2 °C,
F W PVC ik 5 A-CAE HA REFIM AN, BRIt
Z4h, ¥ A-CAE 5 DOTP LR ¥ 1k PVC i}, i
FI AL R 3B R LB RE . A-CAE R Hi 3
¥ PV C Jy TH Y E R T .
22 FEREHEIEEF

JEE SR M 2 IR SR MBS 7 i R R B b &, B
HRRIR R A28 o b 2R I LA e v L
il s Ml A R R ol o 2 i ey L A 90 9 35 12
RIRHYRIALESE 1 %% Cis lelid, MR RIEML R4
BIBE R S K L IR E A A TR
Ah, TSR ) L v AL . R AR AR X
AT E RO, 76 B SE O BE i AU b iE 4T IR A Ak
FSEBY o B SR rp B R AT EE AL SN, AT el
B PVC HERHE IR R IFPE,

YANG 25535 3o 15 ESBO il FF 48 [ 5 1 T
(ECE) [yt It, [E%FE ESBO &, 7 ECE &
iy ESBO & ihy 2~6 1%, fil#& 1 4 Fh PVC HE¥E5],
FEXF HCHIG AR . S5 s, TR G RE TR AR B
fis (ECD-MA ) fE R EEHI B ¥E57 5 ESBO A%
Wht, H¥Ab I 9 PV C 8B Bl B R AU T 5528
451, PVCI30ESBO/SECD-MA ( ESBO #1 ECD-MA
AR 9N 30%F0 5%, ks, FRE) %
feffl, RIS IR AR (314.4 °C),

(] B (R4 3 B A I P 8 (1 263.4% ) Flr {is B
(23.3 MPa), Itt4h, ¥ ESBO/ECE ) —JCiE &S
HE K EIM PR (ESOM ), FREER I L iREs (ECA )
S W VAR YR ) PVC R IEAT TR HE
PV C-ESOM #l PV C-ECA i 24 i %431 4 350.8%
1 310.8%, Hifdiosm sl 142 Fl 154 MPa,
ESBO/ECE R i it iy BhAs e 1 LA KGO > Y 4 R 14
PR, AR RTIR I AP 3k PV C 5,

CHEN 25139 £ 7 — il £ il T i 5 1y 43 9 51
(HCGEP), 5 DOP LR ¥ PVC il T 5 FlR
[A Y PVC i, HCGEP #RANTN O Wil 45 ik
FO ik i, #Z#i i HCGEP %1t DOP #il% T F1~F4
R, I T HCGEP fil DOP LR By 34 ¥ PERE .
i, X4 DOP 54 HCGEP B AR, IR 1Y
KB B B M 7.46% (FO ) ZrHe iz 17.86% (F4),
Bk J2 T a8 PV C AR P A PR e MR R, BT
P HCGEP & s WG IR KR & T PV C AR #GR
M. BeAh, Wi PVC AEMER A K TH Y SEM 4
WA LIES], W% HCGEP Samishn, #ik kM
WK Y R Z SR, F kRl WL, HCGEP i i ¥ iY,
O B 5 2T PV C AR L DOP B 4 1) BELAR 14 RE
24 HCGEP Wi M\ 0 3 2 20%0MF, 78 5% A4 17 24
KM 247.9% (FO) HEmE| 321.9% (F2), Frld,
HCGEP (¥R Y PVC RAIGFRIZIbE . smaE FIaf
JE. ik, HCGEP Rl 2 PV C i it #Aa e M A pH
PRVERE, A= 9 S 9 50) () i A AL T B L

WA WTIE S IS A SR gy K LA A 0 ) A )
FEGIAMEIE, nTA RO = R B 5 PV C A
Pk (R A N SR E IR AT, RESE
AR R 5 100 FLA B 2 A 7= 4 5 IR s Bl — 5 119
. L, SRR —MR AR R, AT
T IR Wy S Wy 1) 197
23 HIRERES KL B

Py A8 R 2 3 1o o A ) e T A 7 1 TG T A 1Y
YR ECRIBY ) HA T A R A 3N R IR 14
A, WIMEARZREEMHE . DR N R
BHIEATER L . BEIEAL SN, AT 453 2 SR R e 7
W EDRFTEERR I A 7 K, A8 e AT R &
T P R, XTI & TR R Y A A R TR B 1 T
A ) S A

HAN ZEWOp R i 0 JE0RE, 28 0 IR T 3R R A
BTSRRI EEL T — T R (AETBC), JEHI& T 3
AR AETBC &0 PVC i, 4 5 DOP, ATBC
RS AR AT LS & B, AETBC w5 PVC
PR R M . SREE AR ETE, BE AETBC it
A3, PV C RS Y Wy 24 fif 4 2238 i 1 B, AETBC
IR A S PVC o AR E/EN,



© 1452 -

A% @m & T FINE CHEMICALS

5 42 %

ATBC HA 1) F 2P Re A AR A RS 1 o Rl
AETBC AR M3 A 0] 5 58 A9 B i e AT
eI Z BB AH AR T, RO AT Rk PV C 85 2 18] 5 A1
HAEM, EREWHETEZN A MER, Hit,
AETBC 7E Ak 23 il 27 4 DOP il % PV C i 5 () 3
5

WANG % 1O 3 1k 20 Bt 35 7 45 IR g /b 4
ATBC. ZPEEArEm —5rlg (ATOC) JF & T3
PRIGEAF) ATMCLL, 5 55 18 90 50 45 o8 — B iR —.(2-
L H)EE (DEHP), ATBC, ATOC iy PVC #4348
BORBATH R, 45 o, ATMCILL 454 T ATBC
5 FIR A ATOC Rt Brmits, Hads
RS W RE FEBAL AR 5 DEHP AL, #dEE
PEFER R /N T ATBC, 5 DEHP A, HI5 PVC
MR . A, & W2 4 PEPEAG s
ATMCILL JEAEY & a3yl Wik, BAMhsn
LEATERE R B AS 1) ATMCAL AT /E R 2 PVC L 7
FHAE Y4B — F R R AR A o
24 BERIEEEF

FHIR (4-FRIL-3-HASLRHIR, VA) &—Fik
T AR TR IRATEY), Jef S &K
WRPIETAY RS, VA 4> T4 8 R ST H
A RArmokiaste, REtge SR G E g6 )
N, A EE R AR S IS Y. VA Tz
FETET ASRT Y, Rl 5 A Wy L0t S 0 ) R 4t

ZHU 200 VA O JECRE, & T R 5 5
VAS-8, il iH 1 H:5 DOP MR HLHIHI & T 4
TR TE VA8-8 & &1 PVC M, Jf HARIEAL T

a

i l;u

EATN PVC MG RCR . 5K, VAS-8 #5
T PVCHIHFaEM, 5 PVC A RIFAAEEE,
i DOP 4t VA8-8 A, Hi¥MJ5 PVC 1y T,
M 34.6 CREZE 24.3 °C, Wi MK RN 196.4%4%
& 301.9%. L 4h , VAS-8 [ bt # fig 114 F DOP,
J&—Fh5 DOP M REAH & 2= H 4119 PVC 1 ¥ 5,

ZHU ZEWIR) VA D ok}, i i A SO0 4 T
4 A [l e FE e K B O JE AU TR ( VA4-Cn, n=1. 4,
7. 11), FIHAEE PVC, Zil#l% T PVCIVA4-Cn
WA, JFar b TG EMERE . Wl 3a FR, PVC/
VA4-Cn 89y R s i R, SR BT AT A i A 3R
PR S e . Wil 3b iR, 5 PVC/IDOP
HLE, PVCIVA4-Cn 7% B B Y iR JF
H PVC R W 24 R Bl VA4-Cn Le SE4E K B
RN FRAR, 45512 PVCIVAA-CL AW 2L K &
It PVC/DOP [] tb 48 = 55%. WiE 3c Fis,
PVC/IVA4-C11 ) Ty (34.2 °C ) ifik T4l PVC kEfh
) Tq (89.2 °C), JFHRHHE VA ki IaE 1 B 1k
/N, TgM 34.2 °C (PVCIVA4-C11) [4fK%] 18.6 °C
( PVCIVA4-C1), %W VA4-C1 B A H A F s 5
PEfE, BMAE, PVCIVA4-Cn i) T,fik T PVC/DOP,
W] VA4-Cn 216 50% = T DOP, W& 3d i,
FERMEMIRX P, B VA4-Cn b a1 BE 134 hn
JEEAR D, X R, VA4A-Cn BYAR N 21
i 5 ot S A B A BT G, R T B A R A B
FasErE, B, ZA293 VA4A-Cn 38 3 50 78 i v
ANEARAE W ERER AR PYC 7= & T s H E
pNUR A

Tunable stretchability
b—=PVC ~e— PVC/VA4-C1

—a— PVC/VA4-C4 —»— PVC/VA4-C7
~+— PVC/VA4-Cl1}—+— PVC/DOP

Higher transparency

g [
eineering
P Mate:
Flexible alkyl chains Lo

Perfc e
als of Anhui Prov'inne, Hefei,

w
PVC/VA4Cl  PVC/VA4-C4  PVC/VA4-CT  PVCIVA4-Cl1

y of High Pe

0y
J#’ ~ 1 1 1 1 1
(0] R 0 50 100 150 200 250
0 N_7 Elongation/%
- c Plasticizing efficiency Tunable volatility
NP T R chewm| sefd
. . . —+—PVC/VA4-C7
Comp;t\;b(lze with COOC4H9/‘ 0.8 2 §% ——PVC/VA4CII| R 15| t
VA4-Cn N - 06 ﬂoo&&:glmwm —+—PVC/DOP %
o 1 =i =207
- A =04 E
— 215¢
0.2 {
1.0
COOH 0= ———— s o & S &
—40 20 0 20 40 60 80 ¥ s W &
Temperature/°C 40?\ 406 & Qﬁv" &
< < <
K3 RFBESEONEE KR VA SERGIE I PVC Ry PEREX H (4

Fig. 3 Comparison of properties of VA-based ester with different length alky! side chain plasticized PV C*3



o5 7 oy,

S50 EWAE PV C BRI SR A T ik

1453 -

QIAN ZILL VA IR, AT — R 43t
BRI S5 (VAB-P), il PVC WL, M4
VA8-P 75 il & 1 A [\ 43 5l i 24 4 PV .C-P1(20%) .
PV C-P2(40%) . PVC-P3(60%), {5 DOP ¥
PVC-D LHH AR . 455 s, P S
To SABME PYC (713 °C) ML, ¥R TFREEH,
3514 PVC-D (11.5 °C ) <PVC-P1 (27.6 °C) <
PVC-P2 (134.1 °C ) <PVC-P3 (59.3 °C ), 4%
PVC-P3 ) Ty T PVC-D, {HA75 3 PR H: 45 v A b 4
i % (416.7% ), AR PVC ) 1141.6%, iE
i B BRAEFEEC (LOI) R4S 2R R AY B B AT
i, WHE AR LOI<22%)2 2 KRR, AU in 1 4 741
H PVC £ LOI 2 48%, PVC-D 1) LOI {31
B (21.8% ), FEZAM BN RE HIAEA 80 B
A, PVC-P1, PVC-P2 fll PVC-P3 ] LOI 433l R
27.8%. 34.8%fFI 37.4%, Z5HUAHH, BfiZE VAS-PHY
I N O M F] 60%, PVC IR Ay PR TE 3%
PR, AN, VAB-P A RUFMIL=ERE . kM
MPAFEN:, 5 PVC IR EA RAFMAZAN: . 58
W RS . B, VA8-P Tyfig it A 4y s vl 1) 2
—MRA TR A PV.C AT 2L BHBR G 9857

QIAN 2811 VA g Eae, TPk T —RHIEA
AN RSB K B 1 2E W SEBELR 3 #8579 ( VAN-P, n=1,
4,8, 12), ¥H VA1-P, VA4-P, VAS-P, VA12-P

F1 DOP ¥4 ¥3 /) PV C 43l 45 0 PVC-P1, PVC-P4,
PVC-P8. PVC-P12 il PVC-D., il % H B fi ] 1 v
ROR LB, Wi 4a, b B, PVC-D AU S %
g 431.7%, EARMME PVC (31.3%) fY 13.79 1%,

PVC-Pn Wb 2 i F R B DL ## . PVC-P12
(374.3% ) <PVC-P8 ( 429.1% ) <PV C-P4 ( 453.3% )
<PVC-P1 (507.3% ). &l 4c ffi/r, VAn-P 5 PVC
Bifg B RAFRA A, JHRY T, ST .

PVC-P1 (56.51 °C ) <PVC-P4 (58.49 °C ) <PVC-P8
(61.14 °C ) <PVC-P12 ( 63.04 °C), LEMH T,
B WA TR M PVC Y Ty (71.3°C ), H 3871981k
YER T AN E 4d Bz, 368850 R 3 A BE 2 1l (i ik
PEEFTE T RAEY-REWEEZ M A BEAEH ,

BRI R T PYC BTGB X8, MM FEAR T
TR Y B P A A Ty, #2757 PVC ZIE . It
Ab, i LOI A&, Aty PvC A AEH =
) LOI (48%), MILLZF, VANn-PRYILIRY LI
BER LOI, ##l. PVC-P4 (33.7%) >PVC-P8
(32.4% ) >PVC-P12 (29.8% ) > PVC-P1 ( 26.7% ),
FILATL, VA4-P 2 —Fh b #4 A B A 7 o iR 5 LA
BRI, AU EA ST M, SR ¥ PVC
RIS IFEE T . BEBRE . LT B ALE
HIRE . Bk, VA4-P A H BRI & BA ik
FiE 1 BIHT A= ) S BEL A3 SR SR B AL 1 Sk i) ik

b
_ 60 [ ven 431.7% 507.3% 453.3% 429.1% 374.3%
% 50 ¢ PVC-P1
PVC-P4
& 40 PVC-P8
B3} — PVCPL2 =
2 - } i
F20 : :
[§ i / 1
10 -
et ’
00 100 200 300 400 500 600
Elongation/%
PVC-D PVC-P1 PVC-P4 PVC-P8 PVC-P12
Cos 3 58.49
0.6 F 0.6-—PVC . 56,5‘}.. d
- y
§oaf )
02t 61’14
047 o . . & B
o 40 45 50 55 60 65 70 75 " 63.04
g Temperature/°C L =
I . PVC-P1
02 faraeees PVC-P4 ) A .
PVC-P8 Chains entanglement Plasticizer inserted éntc:.)ractmn
- PVC-P12 H ClH Cl 0}{&) 9
ol = PVC - & 005 VARP
0 10 20 30 40 50 60 70 \/V - H CICIH ® == §
Temperature/°C

P 4 S [l or S 00 % 4 32 14 BEL S b 9 70 1y 4 g e 11490
Fig. 4 Comparison of properties of flame retardant plasticizers with different alkyl side chain lengths*®!

25 FIEREKIGEF
L-FLMZFLRR 1 — FREOL AR o fE T KTER)
KB RR LR S AT LUK DN R R 45 o 7 e

FLRR . L-FLRRHAZBEASAE, 2B 0B p 2 Py A
VR YRR RN, AT [
W, L-FLARESHE th S AR AL AR IE , AT I Sk



- 1454 -

A% @m & T FINE CHEMICALS

5 42 %

FIRTIRAAR , FH TG B E A ot 2L R 35 A 1 45 Ak &
P I, L-FLER BN N TT & R . SR IR
BRI P S B KRR

GAO ML L-FLR M R, Al 1 S (o 38 541
LA FLRR-1,6-C ¢ i (ALHD ), ¥ H. 5 ATBC 4t
RIVHRERC L, H14 T 5 AN PVC IR, PR T
LT HE AR 4R, Mk ATBC, ALHD 3
Y PV C B EA T T A HLIE SR PR AT RS
fifizs ALHD ZrELE ATBC, PV C sl 2L i 2
T 24.4%, Ty M 14.3 Ci&# P43 7.0 °C, £
A B A . ALHD Bt ATBC A] LLIR%R
HESAR AL S SRR R ARG BB ) Z ] () 251

QIAN 258D L Jy S0kt Kt A Sz b 35|
AEMCR LR B, & BT SHE 3L R R 28 )

(BLAE), HH4 PvC, J+5 DOP, ATBC #3438

WORIATIRS, 455957, BLAE IS HHT
PAERE, T B WIEZEIRZER), BLAE R E N
W55 T DOP, {H{LT- ATBC. BLAE [HEFLIREGHIA
BHKE PVC Y Ty BRI T 59%, fifi PVC ¥RL R I 5
BEHPRAMEZE B . BLAE AT LUK PVC BY/K 3 A A 38 in
2450 b, RIS T PVC AR BT 15 A s TR
5 DOP Lk, BMifEf Al T, BLAE 72 F Ik
FEPESZIG PR 241 . BLAE Bl g4t T—Fh
B AR AL SR i i ek e, A
BEMYA T BERE YR R AL T R B

QIAN ZFLFRL M B 4E, #5551 w3
IR — S5 BRlE (IPDI) [, AT — iR 7L
fREL G YA IPBL, XfHL T IPBL fil DOP, ATBC /Y

WA PVC R, 455 ER, IPBL 5 PVC HA RIf
MIFAZSPE, 248 IPBL #4981 PVC BRI BT T,
(18.4 °C ) F# s W 24K 2 ( 270.3%2£10.2% ),
£ IPBL fil DOP, ATBC ¥ PVC HA 2416
FERE . AERCE M E S, IPBL H¥ MY PVC
LA — R B K, R S I s B S
FUE W R R 1. w125 R AR T R
IPBL L T4E Wy AL g ¥ %) ATBC, AT N A3 i 4R 4
— H R R AR A AR ) AR
26 BAREREEEBER

AR (2,3-28ET 2/, TA) KREZFRIETH
. BERETERY), HOoTamhas 2 ~R3m 2
MREE, Hrp 24085 2 MRIEIEE 1R IE T,
T — ARG AT R K 2 BA nT A W kA
PRI, TA BRI 45 A e 9 350 i s AR ok 0

ZHU B0 TA MIERE, AT —RAIEA AR
)55 K B 18 41 BRI ( DBTAE-Cn, n=1, 4. 7.
11), ¥ DBTAE-C1. DBTAE-C4. DBTAE-C7.
DBTAE-C11 #iI DOP ¥4 ¥ 1y PVC 4 il fiv 45 4
PVC-C1. PVC-C4. PVC-C7. PVC-C11 1 PVC-D,
A X b S A R & B (& 5a), 54l PVC K
FHEL, H DBTAE-Cn #4ki) PVC FE 5 BAA B S
OGP IR IE ( Tonser ). P43 109%F1 509611 it FE
( Ta00F1 Tsoss ), X FEHIIMEET TA BOBESAF] ( Bk
DBTAE-C14h ) w5 PVC fURa ETE, e b
K TA FeE A E R Fut, JFR0H 5 E B
e, nTipgIsE R 7E PVC AR 2 &, M
PR PV C A IR E 1 o

Two steps synthesis Tunable thermal stability Tunable plasticizing efficiency
100 t= —~— PVC @ —— BVC_—= PVCD b
- PvCCl T Ee T pveen
80 - R’lg'g“ 5203/~ 6532
S T pvecn w ")
H g 60 PVC-D §
o0
‘s 40
Hi = 20
; 0
100 200 300 400 500 600 0 20 40 60 80 100 120
( Temperature/°C Temperature/°C
~~OH ; = : : — ;
< )OL ? ; - Tunable tensile properties Tunable migration resistance
| s50F —pvc — pvcD c
(fentn%ls) \ & PVC-CI — PVC-C4 PVC-D ‘146 d
< 40 r — PvC-C7 PVC-C11 PVC-Cl 155
5 2030 // 1/‘ .
o )LR DBTAE-Cn & 20 PVC-C4 1.38
o n=1: R=CHj «n
"0 SN p=4: R=(CH);CH, 2 PVC-C7
RO 0 n=7: R=(CH,)¢CH, z 10
o n=11: R=(CH:)1«CH; & 0 PVC-C11

K 5

0 50 100 150200 250 300 350 400
Elongation/%

0 04 08 12 16 20
Volatility/% (70 °C, 24 h)

SRS K B DBTAE-Cn 343 PVC By #4571 25 Bl Sk R o L BY

Fig. 5 Schematic diagram of the preparation of DBTAE-Cn plasticized PVC with different side chain lengths and

performance comparison!®



o5 7 oy,

S50 EWAE PV C BRI SR A T ik

+ 1455 -

WiE 5b firs, DBTAE-Cn 5 PVC HIEEA R

WM EM, LRY T, WM. PVC-C4
( 51.91 °C ) <PVC-Cl1 ( 52.43 °C ) <PVC-C7
(65.32°C ) <PVC-C11 (83.91°C), IEHH T,
WA TR M PVC B T, (189.16 °C ). 4nf&l 5c i
/N, PVC-Cn iy Wy 24 A R 3R B DL R a3

PVC-C11 ( 263.2% ) <PVC-C7 (272.3% ) ~PVC-D
(272.2% ) <PVC-C1( 355.3% ) <PVC-C4( 358.2% ).
Sl PVC REMAE G, PV C-Cn 2 ELA B 4 W 22
K&, AR ERAL, X DBTAE-Cn #il DOP
X PVC B EA TR . BE¥E PVC FEMIY
ERAMERIERAT AU 5d B, # % K EREH H
DI F#a#. PVC-C11 (0.40% ) <PVC-C7 ( 0.88%)

<PVC-C4 (1.38%) <PVC-C1 ( 1.55% ), DBTAE-Cn
Lk PV C R ) T 4 O R B A e SR B 3
hnmgEL . DL RS RERN, BAT bl B B
i) DBTAE-CA 7E4K it PV C Hr 330 H I =i A3 M 3505
HIEYATERETT 5 DOP AHIESE , RIAEFEA K AW FE
HEEAFI Y & S AR KA 7.

DONG %154 TA SJsokt, & a1 A9k o
2,3 kP A R — i 3R ( DATAE-Cn, n=1. 4,
6.10), 435 H] DBTAE-C1.DBTAE-C4.DBTAE-C6,
DBTAE-C10 il DEHP X /R 1% PVC il %1 5 Ff
PVC il @t e TS SRR AL, IR
IR i (T) 2L T #a#% . PVC/DATAE-CL

(155 °C )<PVC/DATAE-C4( 218.7 °C )<PVC/DEHP
(230.8 °C ) =PVC/DATAE-C6 ( 230.8 °C ) <PVC/
DATAE-C10 ( 2645 °C ), %%, PVC/DATAE-C6

[(HSO;)’C;C,im][HSO,]

85 | * PVC/30EGLA-ISB "
o PVC/A0EGLA-ISB ™

80 [ « PVC/S0EGLA-ISB

PVC/50DOTP

75 PVC

0 20 40 60 80
Time/min

100 120

Internal mixing

il PVC/DATAE-C10 (k& YA T PVC/DEHP,
RiFfi % DATAE-Cn E8EZ5 M bt LR BE 38
W¥ PVC A AR E TEAR B ISR i
7, VR B W e K R M PV C/DATAE-CI( 69.2% )
H4fin %] PV C/DATAE-C10( 498.3% ), % ] DATAE-Cn
FA W Wi AsCr), R R & T PVC R hrfh 2
PIvE, B EaE eI, RO BT, b,
HHERMEELR R, LR R ERKEME
DATAE-Cn LS55 1 B 3 mmifEAk, 5 DEHP I
ATBC #i L., DATAE-C4 H4¥5 PV C i i 76 A [ 34 5%
R RN IEERE . B IR, &
o R Y B YA R DATAE-Cn HA B R0 R — H iR g
HASRFN A T o
27 EHMRBMNEYEEEBER
2.7.1  Spl ALES R 3E 98 A

S (1SB) & —Fh ot 2B W3 — oo,
2RI BB KT B o S L1 AY P 5L AT 0 R 1 B By
4, 2 AR KRGS, RIS TR R A Y
G EAREREY T, AHUEE YR 3
RIBE, 5 1L B oA o 4 2 £ B (2 98 51 1) R 47
B

HAN 21551 55 (L B A U, DL 1PN SRR R - 3-
FH LK e i i R B PRI E R iR, 5 C18 &%
FIRE TR (IR . MEIMER A1V RRIR ) #E47 R Ak I N,
19 2 14 AT A EOURRIR 5+ 1L A4 EE ( EGLA-ISB ). ¥
F RS ILALES ( ELA-ISB ) FIF 4 gl R 5 11 24
fi (EOA-ISB), FRfbI I 5EmLG , BT RIARMELLY
gk (K 6a), rE L RIRIRE

Hot-pressing

€ PVC/50EGLA-ISB

Kl 6 EGLA-ISB Hyffil 5 K S g R 5%
Fig. 6 Preparation and plasticizing effect of EGLA-1SB

g, RATCERIBA R % PYC B, LU
PV C/S0EGLA-ISB Bl 25 o), w5, AN

TR A7 (Haake A ) 7EZE A 60 r/min T
SHRA AR A PVC R K 15 min (18 6b); R)m,



1456 -

A% @m & T FINE CHEMICALS

5 42 %

£ 60 r/min A1 175 °CF F#E4T 10 min (IR A , i H
WENLH A 2R B 2R &9 48 R EE SR 0.5 mm
P (& 5c), HOG2EEIMER (K 5f) 25K Uil ,
MY B B XS HE 200 °CEEiR TGA i
2k (K 5d) &3, 120 min 4l PVC MK & 7.7%,
1Ml PVC/50EGLA-ISB i#f5#{{ Kk H# 1.5%, PVC/50DOTP
WK 22.6%, SRl DOTP Lk, ffiH
EGLA-ISB ¥k PVC n] I} & Hh i i A da e . SEM
WLEZ EGLA-ISB 1438 PV C #ii5 At r 24 2 imi( &) Se),
ATRVE H, R AR OGN, B R R A
R 5 DOTP YL A PVCHI EL , i%FE i AR X o
Al W, EGLA-ISB Ml PVC @ R . ILAh, 4
EGLA-1SB % fin i A 30%:3 /i 21| 50%H , 34 ¥ Jj5 PVC
) Ty PVC 1Y 50.8 °CF#% 30.9 °C, Wik
PE 2] 387.2%, W% T DOTP ¥ )5/ PVC
(361.0% ). 5 DOTP Lt , EGLA-ISB 3% PVC
WA T AR E . TR R Bk
FOG2ETERE . Ik, EGLA-ISB Z—Fr R A ajk
YA Py R BG S5, Sy il A B v 1 S 1 BB RN S i
TR PR I S 1L A R S S R PR 0 TR
2.7.2 BEIABES K I A

BRHIR (T R, SA) 2 —RMIEA (TCA)
B v D=, 8 AT ATT AR P Ak K A R E
SA fE R iR, HA Ci45H, SAEIKNIEH
oY e A K LA e A DA VAR Il NP s
WA T, Bl RE LR, Mk, SA
A TR g A 7 S R R R 950 7 B 2 —

LEDNIOWSKA Z81D1 SA Sy JEUkE, iR Al
N BERNY, ST — R, DL PVC i
40%., 500F1 600614 ¥ il & 1 PVC i, Jf 5484
W5 T-Fi (DINP) 1 DEHP X}t , P4 H I
IPERE, AR W, FEEWE R R, K
R, PSR EEREAT; IR & 50%
BF, AR R OL S SRR, 5 DINP Fil DEHP
Y IERB LA RRY], & MR SERBEA LR
P YE, 5 DINP F1 DEHP A1, 4R 585
TR R ABRRAR T 2 70%, Ui %G55 5 PV C ik
BA RIFAZNE. B TARURG B85 BEh
RIFHFAME . SCRAEAMERE, JF B2 Ml HA .
IR AT AR SRR A I R AT R P2 Y, FE PVC
Jof B BB A v S B 0 v

3 ERIBERE

BEE A B4R I RIERZE PVC M IR 51k
)RR H 5T A, BOAR 22 1 ] S X2 28 1 I 3R] 5
Jiti 1SR RS A BRI . AR R, DRI

ORI A 0BT AP B S50 e B K R T R R
WA . YR BANE SRR . IR AR
1 K 7= it A i S SR T S5 O T DTk AR sk, e
AR COL MHEI, fFaTHs kR aE. B
BT, H A B R R T I 7 BRI | A AR 1
FRGEM TG S M, B S P= L RY . e
TG ATl BT AS W 45 [ 0 1 24 1 B R e
AR T 2 RN VL

W E AR PYC G ROR B & B T T %
JE LR JL 5 T A 0] A

(1) AW soRH BB RN A B 4 i THE 7S
Oy R TV A P2 BRI B a5 o T BEAEAR A
B, SRR BE | Ul Ak A i A5 O T R AT A
I SERE AT .

(2 PR BIS T S SCIGER AN S A B 7 vk,
B A% PYC BRI B IF K o S H, B S50 Y
WE A 80 S 2R S8, DARSEAS [R) B BE A %o 144 98 47
RERORE I . Az KBRS (DFT) BN T
H5REWRIEATAER, v LA R H S N P Fin 5
BL, DI 26 1 RE e A A3 R ) . X — 7 vk Tk
5714 KA B SE G PR 0], LR 75 458 98 551 () FF
KR

(3) s g B A= gy FEHh SR 50| p B YA AL EE . 7
PR ARG . BAR KR ZHU0R R B JC#E 1Y)
KRB, B RZEERERCATF (1 4= Py 3k PV C 3498
TR e B0 T S, R e R R R XU
BRI TIEAS

(4) EFXEAR R S, &k — BAT5E )
e CINBEKA . THFE | HURSE ) A=Y PVC 395,
TG A2 [ R T BB BT A AL 7 Ml X B (R 38 3 7] 1) 23K

S E k-

[1] KUMAR S. Recent developments of biobased plasticizers and their
effect on mechanical and thermal properties of poly(vinyl chloride):
A review[J]. Industrial & Engineering Chemistry Research, 2019,
58(27): 11659-11672.

[2] BYWALL L. Anadysis of market and requirements of plasticizers for
flexible PVC[D]. Lund: Lund University, 2020.

[8 FENGY C,CHUZZ, MAN L M, et al. Fishbone-like polymer from
green cationic polymerization of methyl eleostearate as biobased
nontoxic PVC plasticizer[J]. ACS Sustainable Chemistry &
Engineering, 2019, 7(23): 18976-18984.

[4] LEE H, LEE J, CHOI K, et al. Comparative anaysis of endocrine
disrupting effects of maor phthaates in employed two cell lines
(MVLN and H295R) and embryonic zebrafish assay[J]. Environmental
Research, 2019, 172: 319-325.

[5(] DUHH,LONGY G HU W J, et al. Research progress on toxicity of
plasticizer in food contact materials[J. Food and Chemical
Toxicology, 2022, 164: 112984.

[6] CHENG Z P, YAO Y M, SUN H W. Comparative uptake,
translocation and subcellular distribution of phthalate esters and their
primary monoester metabolites in Chinese cabbage (Brassica rapa
var. chinensis)[J]. Science of the Total Environment, 2020, 742: 140550.

[7 XUHS FAN T, YE N, et al. Plasticization effect of bio-based
plasticizers from soybean oil for tire tread rubber[J]. Polymers, 2020,



57 b/

J7, S AWk PV C SR BN A T St

- 1457 -

(8]

[9]

(10

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

12(3): 10.

MUKHERJEE S, GHOSH M. Performance evauation and
biodegradation study of polyvinyl chloride films with castor
oil-based plasticizer[J]. Journal of the American Oil Chemists
Society, 2020, 97(2): 187-199.

ZUO L R (Z#%f), DONG J H (GEHE), TU W J (R 3UA).
Research progress of antibacterial polylactic acid composite
membrane]J]. Henan Chemical Industry (JE/RgfkT), 2024, 41(9):
28-31.

QADEER A, ANIS M, WARNER G R, et al. Global environmental
and toxicological data of emerging plasticizers: Current knowledge,
regrettable substitution dilemma, green solution and future
perspectives[J]. Green Chemistry, 2024, 26(10): 5635-5683.
SHEIKH | A, BEG M A. Structural characterization of potentia
endocrine disrupting activity of aternate plasticizers di-(2-ethylhexyl)
adipate (DEHA), acetyl tributyl citrate (ATBC) and 2,2,4-trimethyl-
1,3-pentanediol diisobutyrate (TPIB) with human sex hormone-
binding globulin[J]. Reproductive Toxicology, 2019, 83: 46-53.

KIM S, LEEY S, MOON H B. Occurrence, distribution, and sources
of phthalates and non-phthalate plasticizers in sediment from
semi-enclosed bays of Koreg[J]. Marine Pollution Bulletin, 2020,
151: 110824.

TAN H, YANG L, LIANG X, et al. Nonphthalate plasticizers in
house dust from multiple countries: An increasing threat to humang[J].
Environmental Science & Technology, 2023, 57(9): 3634-3644.
GAO J (55, LI HY (ZE40E), MA JW (I #3), et al. Research
and development trend of plasticizers in China and abroad[J].
Chemical Technology and Development (fL T-HAR5FF %), 2019,
48(12): 49-52, 7.

QIAN B Z (#ffAi#), ZHU J F (R#E:35). Development status of
plasticizers at home and abroad[J]. Utilization of Rubber and Plastic
Resources (1538 %5 W5 A F), 2011, 4: 18-22, 9.

ZHANG Y G (3 A& #R). Anaysis on technica innovation and
progress of bioplastics engineering[J]. Rubber and Plastic
Technology and Equipment ({3347 R 5% 45), 2018, 44(12): 20-24.
ZHANG L (7%¥%), CHEN T T (M:J54%), ZHANG J (5K %). Research
progress on flame retardancy and smoke suppression of plasticized
polyvinyl chloride[J]. Application of Modern Plastics Processing (¥
ARIBRIN TN ), 2024, 36(4): 48-51.

LIU F I (x381), LI W (ZE4), PENG X Y (22571), et al. Study on
preparation, modification and application progress of polylactic acid[J].
Plastic Science and Technology (¥4} EH), 2024, 52: 156-160.
WANG Z W (EF£5), ZHANG T T (E#%), HUANG N K (#6E
31 ). Research progress in preparation and application of
multifunctional vegetable oil-based plasticizers in PVC[J]. Fine
Chemicals (K5 4H1L 1), 2023, 40(12): 2609-2621.

MUOBOM S, UMAR A, SOONGSEOKMARYY, et al. A review on
plasticizers and eco-friendly bioplasticizers: Biomass sources and
market[J]. International Journal of Engineering Research &
Technology, 2020, 9(5): 1138-1144.

KONG L Y (fLAH), GE L M (32), XU Z L (i), et al.
Preparation and performance of nonanoic acid plasticized gelatin
filmg[J]. Leather Science and Engineering (JZ %Rk 5 T2, 2024,
34(5): 15-24.

BROSTOW W, LU X, OSMANSON A T. Nontoxic bio-plasticizers
for PVC as replacements for conventional toxic plasticizers[J)].
Polymer Testing, 2018, 69: 63-70.

WAI P T, JANG P, SHEN Y, et al. Catalytic developments in the
epoxidation of vegetable oils and the analysis methods of epoxidized
products[J]. RSC Advances, 2019, 9(65): 38119-38136.

STOLPL J, GRONLUND P J, KODALI D R. Soybean oil fatty acid
ester estolides as potentia plasticizers[J]. Journal of the American
Oil Chemists' Society, 2019, 96(6): 727-738.

BURNS K, INGRAM | D V, POTGIETER JH, et al. Synthesis and
performance evaluation of novel soybean oil-based plasticisers for
polyvinyl chloride (PVC)[J]. Journa of Applied Polymer Science,
2023, 140(45): 54656.

ZHANG Z M, JANG PP, LIU D K, et al. Research progress of
novel bio-based plasticizers and ther agpplications in poly(vinyl
chloride)[J]. Journa of Materids Science, 2021, 56(17): 10155- 10182.
FU QH,LONG Y L, GAO Y Y, et al. Synthesis and properties of

(28]

[29]

(30]

(31

(32

(33]

(34]

(39]
(36]

(37

(38]

(39]

[40]

[41]

(42

[43]

[44]

[49]

[46]

[47]

(48]

castor oil based plasticizers[J. RSC Advances, 2019, 9(18):
10049-10057.

FENG S, JANG P P, ZHANG P B, et al. Ricinoleic acid-based
plasticizer with excellent optical properties for PVC polymers[J].
Industrial Crops and Products, 2023, 199: 116699.

OKE D G FABORO E O, OYEBAMIJI A K, et al. In vitro and in
silico evaluations of cardanol and derivatives from cashew nut-
shell[J]. Chemistry Africa, 2024, 7(4): 1889-1898.

LI W S J, CUMINET F, LADMIRAL V, et al. Phosphonated and
methacrylated biobased cardanol monomer: Synthesis, characterization
and application[J]. Progress in Organic Coatings, 2021, 153: 106093.
WANG C (£J), WAN T T (J7#5%5), XU R W (% H ). Progress
on bio-based environmentally benign PVC plasticizers[J. Modern
Chemical Industry (B1t4k T7), 2021, 41(8): 72-79.

BRIOU B, CAILLOL S, ROBIN J J, et al. Non-endocrine disruptor
effect for cardanol based plasticizer[J]. Industrial Crops and Products,
2019, 130: 1-8.

YANG Y, ZHANG C L, HAN Y, et al. Plasticizing and thermal
stabilizing effect of bio-based epoxidized cardanol esters on PVC[J].
Polymers for Advanced Technologies, 2023, 34(1): 181-194.

CHEN J, NIE X A, JANG J C. Synthesis and application of a novel
cardanol-based plasticizer as secondary or main plasticizer for
poly(vinyl chloride)[J]. Polymer International, 2018, 67(3): 269-275.
KINACI E, CAN E, SCALA JJL, et al. Epoxidation of cardanol's
terminal double bond[J]. Polymers, 2020, 12(9): 2104.

VAREE T, BHASWATI B. Role of plasticizersin bioplastics[J. MOJ
Food Processing & Technology, 2019, 7(4): 128-130.

LI PQ, XU Q, ZHANG W G, et al. Plasticizer acetyl triethyl citrate
(ATEC) induces lipogenesis and obesity[J]. Toxicology and Applied
Pharmacology, 2024, 482: 116788.

AMATO A, BECCI A, BEOLCHINI F. Citric acid bioproduction:
The technological innovation changelJ]. Criticd Reviews in
Biotechnology, 2020, 40(2): 199-212.

HAN J Z, ZHANG M C, ZHANG H Q, et al. Effects of modified
tributyl citrate as a novel environmentally friendly plasticizer on the
mechanical property and migration stability of soft polyvinyl
chloride[J]. Journal of Vinyl and Additive Technology, 2022, 28(4):
751-761.

WANG Y J, ZHOU C L, XIAQ'Y, et al. Preparation and evauation
of acetylated mixture of citrate ester plasticizers for poly(vinyl
chloride)[J]. Iranian Polymer Journal, 2018, 27(6): 423-432.
MATEJCZYK M, OFMAN P, JUSZCZUK-KUBIAK E, et al.
Biologica effects of vanillic acid, iso-vanillic acid, and orto-vanillic
acid as environmental pollutants[J]. Ecotoxicology and Environmental
Safety, 2024, 277: 116383.

ZHU H C, YANG J J, WU M Y, et al. Synthesis of a bio-based
plasticizer from vanillic acid and its effects on poly(vinyl chloride)[J].
Journal of Applied Polymer Science, 2023, 140(2): 53288.

ZHU H C, YANG JJ, WU MY, €t al. Vanillic acid as a new skeleton
for formulating a biobased plasticizer[J]. ACS Sustainable Chemistry
& Engineering, 2021, 9(45): 15322-15330.

QIAN B F WANG W'Y, ZHU H C, et al. Synthesis, characterization
and performance evaluation of a flame retardant plasticizer for
poly(vinyl chloride) derived from biobased vanillic acid[J]. Chemical
Engineering Journal, 2023, 476: 146859.

QIAN B F, ZHU H C, WANG PF, et al. Synthesis, characterization
and performance evaluation of different alkyl chain lengths flame-
retardant plasticizers for poly(vinyl chloride) derived from sustainable
vanillic acid[J]. European Polymer Journal, 2024, 214: 113154.

HOU B Y, WANG Y N, LI B J, et al. Synthesis of novel L-lactic
acid-based pladticizers and their effects on the flexibility, crystalinity,
and optica transparency of poly(lactic acid)[J]. International Journal
of Biological Macromolecules, 2024, 273: 132826.

GAO W, JANG P P, GU Q, et al. Synthesis and properties of a
bio-based PVC plasticizer derived from lactic acid[J]. New Journal
of Chemistry, 2021, 45(1): 123-130.

QIAN B F, PENG PP, WANG C L, et al. Synthesis, characterization
and performance evaluation of a nontoxic functional plasticizer for
poly(vinyl chloride) derived from sustainable lactic acid[J]. Journal
of Cleaner Production, 2024, 450: 141895.

( F#:% 1508 7 )



