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Preparation of O-vanillin-based stabilisers and their application in polypropylene
ZHOU Cheng',ZENG Xuemei',HE Yulin', GUO Lemin', XIE Jinzhen', SHI Pu'*, LIU Yuejun'*,FENG Jianxiang'*
(1. School of Packaging & Materials Engineering , Hunan University of Technology , Zhuzhou 412007, China;
2. Key Laboratory of Advanced Packaging Materials and Technology , Hunan University of Technology ,Zhuzhou 412007, China)

Abstract : O-vanillin (OVA) is a naturally phenolic compound with a unique phenol-aldehyde structure. Two novel bio-based
stabilisers, O-vanillin-purine schiff base compounds (SB1 and SB2) were synthesized via schiff base reaction using OVA, adenine
(Ade), and 2, 6-diaminopurine (26-DAPY) as raw materials. The samples were then hot-pressed by melt blending with polypropyl-
ene (PP) using a closed plastic mixer, respectively. Fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance
hydrogen spectrum (‘H NMR) were used to characterise the chemical structures of SB1 and SB2. The thermal stability of SB1 and
SB2 was tested by thermogravimetric analysis. The thermal oxidative stability, initial oxidation temperature (I0T), oxidation induc-
tion time (OIT), tensile properties after photo-oxidative aging, and ultraviolet transmittance of the PP films were studied to investi-
gate the effects of SB1 and SB2 on the thermal oxidative stability, photo-oxidative stability, and ultraviolet shielding performance of
PP. The antioxidant activity was evaluated by theoretical calculation of bond dissociation energy, highest occupied molecular orbital-
lowest unoccupied molecular orbital energy gap. The results indicate that the temperatures corresponding to 5% thermal weight loss
for SB1 and SB2 are 202 °C and 219 °C, respectively , higher than OVA (144 °C). The addition of SB1 improves the thermal oxida-
tive stability of PP. Compared to pure PP, the addition of SB1 increases the initial oxidation temperature (IOT) and oxidation induc-
tion time (OIT) by 7-19 °C and 2.2-4.9 min, respectively. The addition of 0.1wt% of SB1 or SB2 exhibits photo-oxidative stabiliza-
tion effects on PP. In the UV transmittance test of PP films, the transmittance of PP films with the addition of 1.0 wt% of SB1 or SB2
is reduced to less than 6.0% and 6.2% in the range of 250-400 nm, respectively.

Keywords : polyethylene ; O-vanillin ; schiff base ; stabiliser ; ultraviolet shielding

ELTH: FRARPAIEETH (51805524, 12372245)

BEVEE AL, BIHEE, BTTETT ) A Ek AR DIRE R 20 TR I A S b e B i)

WeFs B HA: 2024-06-08

SR TR, M, TR AR, S5 AR 22 B IR E R A S AR TR P i B[], TRRMREHR L 2024, 52(8) : 160-168.
ZHOU Cheng, ZENG Xuemei, HE Yulin, et al. Preparation of O-vanillin-based stabilisers and their application in polypropylene[J]. Engi-
neering Plastics Application,2024,52(8):160-168.



JEL B, 55 < AR 22 B AR R R 6 S HAE SRR o g T 161

6 AR EJE R A R BRI,
FERSAAAE T OB S & 5 i o S AL A,
R TREWT L, P2 B IR R T, S
F12EPEREGAL , AR AT 0 A Bt 1) 5 S Eob R
o PG, 4 ICHR A3 1) 5 o T M ORHER T -4k B id 1Y
FeoE M LU R AR F5 4. R IIE (PP & 53
Tz, HLAR S P R AT A L 340 HL ik =t e K
MREYZ —. BT PPAFHE P AE K AR
(=1 EEJE ), HAEm TR ]k b
2 BN YIRS ANE R 5 77 AR 1 2, =
o FHEWTZE . H AT 32 2 I TR AR R R A
AT EfEE . SR, R RER A S A
PEXT AR IR BEAE A B R R E", H
R, DATRI b X Ay = A — 2 ] S8 X PR ) 17— 2
IR AE S i B A = o T R
BN Tinuvin770% . PR, 75 % 0] AR M AREE A
SROARAHTY Z DR RUE R sk B

FELIFE IR SE b, B2 R BVE 2 A YR IR 2
EEWTEN R E PR FIY, filan , WK RS b
PR A 22 0T A R R PP VR B AL PEREY, B AR
F AR B4 5 PP AR 404 (PE) By Y6 AR Flfa
PEC, BRILZ A6, 38 2 X A 1 el A B AR P RS
FE AT 22 (ST, A, BT BRI 5 AN 8] =t
T Ak A OB AN =B TR R R B S 4
Pt 1 B R TR B U HRE i PP R R E Y,
B AR B TR O R BT IR A A 5 PP R Ak
FeE M- RE D I R AL R FRS . IR R B, — S L
JF PGSR 1) AR AT AE 55 43 T ARk R AR
I HA B RO & & TR RN
T B E AL A Y O TR A sk 2R
FIFe e R B R . 7E—EE ZIReds iR oF
S, RIINTFE P BAT — i SRS
RO BRI, 43 F B 55/ N R A o s S IR R IR e
PEEE 22 S 8ORE F T hn TR & AR, O H e 2
A8 e Al A, 323 R R A MR A
J o I A Y A A TR, 5 AT 3 T H
BTSSR, Bilan, FUH SR L R AT &
22 RILNPIRR, 7E R FLIR /A FE R FE kA= ) 2 A R
HA B I AR S R RIS A MR,

B = R (OVAEF 2R W o F ik, & —
o [ 5L A 0 5 5 B R %) 3 S N R A= e, I A
FET LI AR R Y S B ™, I HAT B 2 4T

FUETERPTRIETE" . SR, T OVA A SR
PER 2 B R AEIRCR IR A RE B E S e+
TR . B R IRENS (Ade) K HATA (2, 6-—
FFENEIL (2, 6-DAPY) 38 o i R AF S | A E] OVA
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1.3 XA A&
1.3.1 OVA # 7% % 7 SB1 1 SB2 By &

SB1 A4 AL : FREL30.41 g i OVA (200 mmol)i#&
T 300.0 mL Z [ 1, FREL 5.00 g 9 26-DAPY (34
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mmol)¥A T 200.0 mL Z B B IC B 41 OVA ¥ iR
BN 2 26-DAPY W, 75 70 °CT [l e+ 6
h, TLC WM S o g bR 2505500, H CEEPE Lok
N Y OVA, J5 B HL ™= 1 A DMF sk % . B il
U B[ A, 60 °CF BA T4 4 h, 15 B4 A=)
8.20 g, " %2 86.6%.

SB2 )& 1l : FREL 3.04 g ) OVA (20 mmol)i% T
25.0 mL HIEEH , #REC1.35 g i Ade (10 mmol)¥ T
25.0 mL FHEE b B BC B 419 O VA TR M2 12 3 in &2
Ade T, 48 70 °CF M+ 6 h, TLC Wi I /2
o Bt A R 2o SO Y A s T 2012 < T
HE M EIR B AR, #E 60 °C N EA T4 h, 15
F4)0.25 g, 77 H299.3%.
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i B R AL PP 43 01 5 4[] Jot 3 53 %50(0.1%,
0.3%,0.5%,0.8%, 1.0%) [ SB1 F1 SB2 #4731, 43
SIARIC K SB1(SB2)-01~SB1(SB2)-05. 4% T. 254
44 180 °C %3 60 r/min, FEVEAFE] 4 5 min, 5
H—RGI PP AR, SRS (8 F ARG A ALK L iR %%
PR L e ] e JEE, 45 21 34 59 )R B (0.50+0.05) mm )
PP Jifi(SB1-PP,SB2-PP),

1.4 X5 &AE
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T2 25H
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o

LA EAIIR f PP IR B T2 LA P 7
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h25 °C, REEARXE N 30% o

J1EPERE IR, « $% FR GB/T1040.2—-2006 H 4 5
AT , BRI S MRS BBOT- 341

PP i35 1o 83K < 3 3 58 Ah- 1T DL I8 J S (U V-
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.
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tH HOMO F1 LUMO HL T = 4 fii & o % il 25 k%
AH,, WL(1):

AH,, = H (R,-,298 K) + H (H-, 298 K) —

H (R—H, 298 K) (1)

b H (R-,298 K)Fl H (R—H, 298 K) 43 34t
& B LR R H T 0k, H (H-, 298 K)fR
FAH HIEMLGAE
2 #RE5ITR
2.1 SBI1ASB2%#5#r

OVA L 55 Ade fll 26-DAPY |4k 4w
7 75 3] 5 AR5 S Bl SB1 AT SB2, HiAk 2 45 4y i i
FTIR l'H NMR Ak, 25l an &l 1 i 2 fis .

OVA

(a) SBI
OVA

4 060 3 SIOO 3 ObO 2 SbO 2 ObO 1 SbO 1 ObO 560
Wavenumber/cm™
(b) SB2

K1 SBIISB2 MY FTIR ]
Fig. 1 FTIR spectra of SB1 and SB2

i oF FTIR 4 5 56 E T SB1 1 SB2 f4) 25 44 .
SB1 [ FTIR i & 4N & 1a ff7x . —Ph—OH - O—H
4 IR S A7 T 3 502, 3 342 em AR B IK Ky
Ik s PR PN =C—N—H | N—H £ i 455 41 3 % i i
3253 cm ' H13 198 cm™ WU F—NH, ¥ 5% FRFIXT
FRANGER S US04 2 974 cm ™' 4b —Ph—O—CH, 1
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3l 1493 em ™ AbFRAE ISR Y L ) C—H Y T P9 25
PR30 .1 351 em™ H—Ar—C—N | C—N # i 45
5 . 1276 cm™ —Ph—O—CH, I O—C A X R
AR % 1 072 em™ 4b S Ar—O—CH, X FR {45
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S5 BRI AT LI B & 0™ ) h & A SRR C=N
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S0t
NEDEN 4 o
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Fig.2 'H NMR spectra of SB1 and SB2

HE— A2 1k 'H NMR 8 & 52 5 770 450, dn e 2
fiis. K2aSBI K 'HNMRIER , WEHFETLIE
] 6=9.39 (1H) X Ay K ik = 1k 2= 00 #% L 6=3.81
(3H) X 1ij 4 45 #4 H —Ph—O—CH, fk 2% (i #% , 6=
6.84,7.11,7.23 BH)M W Ar—H AL 50 8%, By R 5L A
15 5 %t B AE 6=13.97 (1H), 1 i &% B 1 6=7.42
QH) AL, WK g 3R 1 N—H F C—H 43 51| % )b 1 8=
12.93 (1H), 1 6=8.11 (1H). [& ¥t , M SB2 f¥'H
NMR % & (] 2b) 1T LB 5, 8=9.92 (1TH)X R Ay
BRATE U I A2 0 4% ,6=3.93 (3H) N 45 #4 rh—Ph—
O—CH, X} b iy Ak 2= 0 %, Ar—H 43 5l XF I 7F 8=
6.98,7.12,7.19 3H), My ¥ 3L A5 5 X N 7F 6=13.97
(1H), {A B & BN 7E 8=7.42 QH)AL , bR 3R | N—H
A C—H 435X N E 6=11.13 (1H)F18=8.09 (1H).

454 FTIR FIl'H NMR 43Hr 485 5, v] LAGIERA A 4
LR Fe ik E 77 SB1 AT SB2 & U3 .

2.2 SBI1 % SB2 #4 # AL M

i 1 TG 43 #r %F SB1 M SB2 #hfa i Mk 47 1F
B, Wl £ A&l 3 s, XA 2k EE 5%, 10% F150%
FR IR BE 23 A Ty T 0 To 45 A2 60, SB1 A1
SB2 By #ER e I i T IR OVA, T, 439l ok 202 °CHI
219 °C, [t OVA 275 T 58 °CHI175 °C, T\, 53 5 K
307 °CH1225 °C, Ltk OVA #2151 82 °CH168 °C. iX
JE T OVA 5 26-DAPY Fl Ade i i3 Ji Il i 2%
B IR A e85+ HIG K T 75, NI B A
B I R R . M T R R PR, SBI Al
SB2 # T, F1 T, 15T DAP, H.SB1 1 SB2 43 I {E
434 °CH1584 °C 2 H# 50%, 1fii DAP FIHLEF] 770 18
DU I 58 400 . BRLE, PR AR E 77 SB1 2 SB2
A P e TR R v R PR (2K

100+

80

60 +

401 —=—SBI
—e—SB2
——0OVA
200 770
——1010
oL —< DAP

Mass residual rate/%

-10 L L L L L |
30 100 200 300 400 500 600
Temperature/°C
K13 SBI1,SB2,0VA FIHi 4 770, 1010 LK DAP [ TG £k
Fig.3 TG curves of SB1,SB2,0VA and Antioxidant 770,1010,and DAP
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4 SB1 FISB2/E N PP IFaE, 5 PP LR 15
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#| SB1-PP 1 SB2-PP., ifid OIT FIOT EAFHT A
LA, A AE R WL 1. RIFHPTE ] 770 . DAP
11010 43| PP 5 OIT MIIOT WL3% 2,

5 FR W, WA [A] T & 43 £2(0.1%, 0.3%,
0.5%, 0.8%, 1%)SB1 fE 4& = PP 1Y OIT(2.2 ~4.9
min), BlA SB1 N LB R3S A, PP ) OIT Sk I
PRI s/ 1y A, U TRl 2 SB VS L3 i, 4t
PAERCR B AR 25 . X AT REZ T SB1 A B i 1k
ORGSR o FETS ST 2 7000k 0.1% 1
SB1 #H# F 770 il DAP E A7 5 & 1) OIT, (HAUR A
111010,

#1 PPHIDSCHITG &7
Tab.1 DSC and TG data of PP

Samples 10T/°C  OIT/min T, /°C T,/°C T,,/°C
PP 220 6.4 262 270 312
SB1-01 228 11.3 270 279 316
SB1-03 227 10.9 267 276 310
SB1-05 229 9.1 266 275 314
SB1-08 232 11.3 270 280 322
SB1-10 239 8.6 270 281 324
SB2-01 219 4.4 264 274 312
SB2-03 215 1.9 258 267 314
SB2-05 216 1.5 262 273 315
SB2-08 215 1.2 265 277 317
SB2-10 217 1.2 263 275 314

F2 HNEAHEFPPEOITFIOT
Tab.2 OIT and IOT of PP with commercial antioxidants

11.3 min, 26 PP &5 5 min, FLES I DAP F1 770 1Y
PP /& tH 9.3 min~10.8 min, It4h, IOT I3 25 5 %
B, %00 EE 4518 0.1%, 0.3%, 0.5%, 0.8%, 1.0% Y
SB1 1Y PP 114 IOT #J7E 220 °CLA I, Hh.4fi PP 2 &5
7~19 °C. SR, ¥ in SB2 il i (1Y PP (1) OIT A1 10T
AN K4l PP I HBE A FLUS i 34 it 22 90 s/ i
=R

PL I OIT #1 10T Ay 45 R R B, & Bl i A 55l
SB1 HEFE = PP HY T #A S 2 AL PERE , 1T SB2 i PP

AL
2.4 SB1 % SB2 * PP # &A% 2 %@

T2 S5 ET g TG i SB1 i1 SB2 X} PP
AR EMNEm, 4R WKL, PPIT,H
262 °C, IR e 44) SB1 X} PP 44K} T, A 4~8 °C
(3 TL, LB AR A9 L 4 = Hh B S B s BTt
FkaE, IIN0.1%,0.8% F11.0% ¥ SB1 ) PP ) T,
A 8 CCHyETt, Y A d i . AT SB1,SB2
IAXE PP T, 82 TH A K (1~3 °C), ZE B i
0.3% i FEAILE] 258 °C.

DL 2553k, SBlXTPPEﬁ@J@E’J%‘L FaxE
R, SB2 X PP VAR E R 25 . X 5 FIR IOT A1l
OIT M A5 SRAHAT
2.5 SBI1#=SB2 %} PP &L A Z LML 69 %

PP 7E W FH 2o 78 H AN AT 3kt A b 37 215 A AR

Samples 10T/°C OlT/min AL, SR LT 2 PERE . X T A T AN [T B ]
101001 239 57 a@ﬁﬂ%«m S0 3 K P
770-01 226 1.5
%
DAP-01 222 2.0 ﬁiﬁﬁ T ZALAR X SB1-PP il SB2-PP i1 T
DAP-S 230 27 GRS AL AR RE | VAR T 24 SR P 2 Ak
M SBLIR MG 40 0.1% I, PP OIT Ky WA ARfL L2 3. 76 R &AL SB1 (1 in A i PP fi5t
%3 SBI-PP % SB2-PP AT ELET R MK R
Tab.3 Xenon Aging Elongation at Break for SB1-PP and SB2-PP under xenon aging
%
Time/h
Samples
0 24 48 72 96 120 144
PP 628.9 623.4 548.0 526.0 19.0 14.3 13.2
SB1-01 560.4 467.4 439.2 329.4 306.1 81.7 11.3
SB1-03 477.9 386.5 355.7 12.5 11.1 10.3 9.4
SB1-05 19.7 12.3 11.9 10.9 9.9 9.8 9.8
SB1-08 17.2 17.1 12.5 10.9 10.6 9.9 9.3
SB1-10 13.9 114 10.8 10.1 9.9 8.5 8.3
SB2-01 614.4 607.1 365.5 363.3 338.1 233 8.3
SB2-03 522.9 419.0 378.3 15.5 13.4 11.3 10.2
SB2-05 410.7 403.3 381.0 14.5 13.8 13.0 11.3
SB2-08 391.6 337.2 18.3 13.7 13.0 11.8 8.8
SB2-10 379.5 19.5 16.5 13.3 12.9 12.0 10.3
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DT A AR R AT, L A AP R B2 B S o 4 o 7y 34
K, SB1 A 0.1%(560.4%) F1 0.3%(477.9%) I} {4 A
— S R TR 0.5% B LA B 24 SR e 22
20% LA . — 71T, SB1 3243k s A A PR A
TEVS N SB1 (%) PP B HA PRIHR AT UL i A1 5 /N
HEMIIR PP 4y F-45H s Be i AR BAERT s 50—
1 AT AE 2 1 T SB1 HE & HEL - A E RS PR HLAT
BRI , 5 PP o HEAE S 20 Tad # v PP
I FEEWT S . TEAR LT SB2 A f PP R T 24
KR A, SB2-01 (614.4%) Wi 2441 K S MK T4
PP (628.9%), i i SB2 75 Il 52 34 it 7 28K 8328
ARG, X AT RS T SB2-PP AR B VA Fa e M 2% 15
I AR X PP 4y 85 1E B TR . T SB1—#,
SB2 7 F- L A B A Z) R PP 44

IR PR Z e B INE (R I 4 0.1%), SB1-
01 (306.1%)H1 SB2-01 (338.1%)PP [l {E %4k 96 h 5
A5 ELAT B0 ) W 2 3, 4T 46 PP R(19.0%) , 3X
FIRESE T SB1 S SB2 AR By BA AL 1) 22 SR W%
PEES T —ErpetE e, Sish, W3R 3 thaT LA
HITA , SB2-PP AR 24 i< SR BR B0 g Ao (] B L8 i
TR I TR, AT RE S SB2 AN B B M X 2 T i R
VEFH B SB2 78 it (1 35 Jin e ik SB2 X85 () e Aa e 1
350,

DL 45T, SB1 K SB2 £:[#A PP K 244
A B FGS A A 1S, D 24 K R AR S
R, U N BT AL 400 0.1% B, SB1 f& SB2 {&
PR E AR EE
2.6 HiitH

HEff 25 HE (BDE)(H 5 HT 4 7] O—H 3 N—H 4
PEHEE R e 18 UIARC , B VR R ITAG B ARG R A
M 56 1 280, B 4 RN O—H F N—H
S BDEH . WK 4 fi~, SB145#H O—H 1Y
BDE K (320.9 kJ/mol) & F 7 FH 32 BH fh £ %2 751 1010
(313.4 kJ/mol), SB2 4 #4 1+ O—H 11 BDE {H (292.0
kJ/mol){i% T 1010; SB1 1 SB2 %% #4 ' N—H ) BDE
18725 T2 B 770 (366.4 kJ/mol), # Lt OVA 1 O—
H #J BDE {# 337.9 kJ/mol, SB1 #1 SB2 /1 O—H
BDE K. X UM IR IR S C=NIFiEZ 5
HA WA TTHREE S, SB1 45444 —NH, (400.3
kJ/mol)fY BDE {5 JFUf} 26-DAPY (401.5 kJ/mol)#
ZEAK, X UL C=N#Fi% J5 X —NH, i A sT ik 5E
AN K, SB1 (371.6 kJ/mol) 1 SB2 (405.3 kJ/mol)
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