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Abstract: The plasticizer tri-lauryl maleopimarate was synthesized from maleopimaric acid ( MPA) and lauryl alcohol using p-
toluenesulfonic acid as catalyst and n-octane as water entrainer. The optimal synthesis conditions were as follows: n( MPA) :

n(lauryl alcohol)1:5, catalyst dosage(3.6 % of mass MPA) , the water entrainer n-octane 15 mL, reaction time 8 h, reaction
temperature 200-210 °C under nitrogen atmosphere. The contents of tri-lauryl maleopimarate reached 99.14 % by HPLC. The
structure of tri-lauryl maleopimarate was characterized by FT-IR, 'H NMR and "C NMR respectively. The molecular formula of
tri-lauryl maleopimarate determined by elementary analysis was C, H,,,Os. The properties of the product were as follows: acid
value 0.98 mg/g, heat weight loss 0.08 % , volume electric resistivity 2.6 x 10" Q- m, open-cup flashing point 269 °C , freezing
point —55 °C , density 0.980 g/cm’, index of refraction 1.484 6, moisture content <0.08 % , viscosity 0.200 Pa- s, respec-
tively. TG-DSC curve of product was also measured. The results confirmed that it could satisfy the requirements of plasticizer.
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hok g pame (A, BTt 53 %0 99. 59 % ), He iR 1 0 i B 20 M el w2 7

LT AN GTEAY . Magna FT-1R Nicolet 550 11, 25 [ Nicolet {¥ % 2\ 7l ; & %0 A : Waters 1525 Pump),
Waters 2489 UV/VIS Detector , 2 [§ Waters /A 7 s &% 45 % : Varian INOVA 600MHz, 25 [ Varian 257 ;
Bruker AV600MHz, { & Bruker /A 5] ; JTL 2 70 #14X : Perkin Elmer—2400 II , 35 [E PerkinElmer 2\ &) ; 22345
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VT 3.6 mL, H R {E AP BRI, SR WY S 30 28 i, RIS Ik S . T 0 Rhie 22 100 °C RLR o Hofe A
I3 3 AR B0 S % 1Y Na,CO, KW b A 22 v e, 3 25K 2, 1 I Z8 1K Uk 4 1k, 23 K
JZ o TR R ZE R BR J E S e i Ak B K et dE 0 T R A5 30 B 60 TR AR (LR 1) o
P 11 A2 2 COOCH,(CH,),CH;

- 251 e 0 24 25 26-35 36

7

17 0 . nCgHyg : L—C o
\/23 + nC,HysOH ~ T i 2 8 o 2(;003C7H2(§8f_12)710;H3 + Hy0
2N MR, 45N T
s Il COOCH,(CH,),,CH,
9 COOH 19 18 49 50-59 60

Bl SkgmB=-RAEEGHTEE

Fig.1 Scheme for synthesis of tri-lauryl maleopimarate
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FT-IR 43 # : 5% A KBr FE A, 22 3 [l &y 4000~500 em™ 5 "H NMR 4347 : TMS g s, CDCL, R 5 ;
PC NMR 43 #f: TMS Jy 4 ¥R, CD,0D/CDCl, k4 % #|; HPLC 4 #7: Waters XTerraRP18 #% (3.5 pm,
4.6 mm x 150 mm) , 1 30 °C, Ji shAH g FH B, i 1 mL/min, Kl i 4 205 nm, i FE 5 25 plL; TG-DSC
AT R AR FHRE , FHR A FE 30~600 °C, FHREEE 15 C/min, 88U G, FE S BT 11,602 mg, A
AT 808 (DA AR AR FR R BE A A 2 WL SR (10 ]
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Table 1 Orthogonal experiment design and results

. A B C D
QE% n(HORMERAR )+ n () HERE) AT HE/ % SR i/ S Lk /°C Rffi/ (mg-g™")
n(MPA) : n(lauryl alcohol) amount of catalyst reaction time reaction temperature acid value

1 1:4 2.8 6 160 ~ 175 10. 81

2 1:4 3.6 8 175 ~ 190 9.24
3 1:4 4.4 10 190 ~200 8.82
4 1:5 2.8 8 190 ~200 5.39
5 1:5 3.6 10 160 ~ 175 4.30
6 1:5 4.4 6 175 ~ 190 7.56
7 1:6 2.8 10 175 ~ 190 8.53
8 1:6 3.6 6 190 ~ 200 7.78
9 1:6 4.4 8 160 ~ 175 6.69
k, 9.600 8.233 8.733 7.333

k, 5.767 7.100 7.100 8.433

ky 7.667 7.700 7.200 7.267

R 3.833 1.133 1.633 1.166

HI 1 RG22 RAAER/NAT DL 4 AN Z - MR EL A B2 4 - R, > R > Ry, > Ry, BRI 1L &2
M) B R, R Ay S 7 ) Rz oy it B2 A 50 P B2 i e/ o BN K AE AT AR HE B4 DR B B K F 20 3l
A, B, Gy Dy RIEREELE 105, fEAL R FH 28 O B ok 96 # R I3t B Y 3.6 %0 , B N I [A] 8 h, B v il JEE
190~200 C, th A5 AL AL T7 982 A,B,C,D 0 WD IR by <k, <k, KA, AL T w5 SN ik B2 X [
RRAASEA A, K L BRI )r o0 2 I8, BITERR I LE 15 AR T & SR MG AR PR B i 19 3.6 % , )
JO7 FF ] 8 he A5 PF TR A e iR R X R (L 5 i) g B R R, SR LR 2
R2 KNIEEXBRESW

Table 2 Effect of reaction temperature on the acid value

S SR/ C MMt/ (mg-g™') A TRERES
No. reaction temperature acid value color of product
1 190 ~200 2.34 H# buff
2 200 ~210 1.11 I buff
3 210 ~225 3.55 # A, yellow
4 225 ~250 7.78 1% brown

M2 AT LAE 4 2 O 58 SRR B L 125 AL R e Eh ORI AN R IR 4 9 3. 6 %, S LI
6] 8 h, Sz i S 200~210 C & 1F B 15 7= W IR (e M1, (134, I OE ¥ 68 1S mLo P Th i S L3, 75
2Pk — 2D W AGR R R B HMETE 1 IE 27 8 AR K T R =TI A ), IR R A DR, A Y 7K
TeIE S ZN B0 B R NI 2 MR BE B B S BOR B ] R AEL T, B g, 7 @R .l 200~
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210 °C g drefE S Bl R, TE e 15 mL Sy e (i K 570 o
BRI A5 A SR A O o (CEORIEAR TR ) - n (B 105, AL SR T 22 O 1 oK Vg A 12 Jo 2t 1Y
3.6 % N JE 200~210 C, IEFBER R 15 mL, N, R4 8 h, 7R A& A T #E4T T 3 4LS RS2 4, 45
R 3,
®3 REXGTRIEKEHERE

Table 3 Repetition of reaction under optimum conditions

FE MR/ (mg-g™") g 5 /% FEH % 7 i 8
No. acid value ester content yield color of product
1 1.11 99.12 91.8 ## buff
2 1.24 99.05 91.6 A B buff
3 0.98 99.26 92.3 H# buff
1414 average value 1.11 99. 14 91.9

M1 3 AN, eI AR R PR 1. 11 meg/g, PR EE & Rl 99. 14 % , P17 % 91.9 % ,
77 RS Ry B, 2 W e A SR M R R AR G, TE I A5 1 T A B A TR AL S AT
2.3 ORiEMEB=FAERNEHRIT
2.3.1 nE s SRENR AT RSVE (IR, %):C 78.43(78.04); H 11.78
(11.57); 010.19(10.40) . MITEHTEERE , G U™ 5010 C H O Lb A Fl e (5 S A A1
2.3.2 FT-IR o4  HoRMEFER = HH:R A FT-IR E LA 2, FT-IR (KBr) ,v: /=¥ 2958 cm™ Wy
CH, X FRM 45 45 5, 2858 em™ J—CH,— {45 ¥k 3h, 1727 em™ g C=0 45 ¥E 3h, 1469 cm™ K
—CH,— 55 ¥14R 3, 1384 ecm™ —CH, X FR{H 4R 3 ,1000~1300 em™ Ky C—O0—C 45 ¥k 5, 721 em™
MR AE—CH,CH, — i 45 ik 3l . 7= A0 JEUREE UK EL , 9 8 28 Ak H B 3329 em™ b —OH A1l B fe g fy
fi 3355 em™ Ab—OH {314 & K T ok I A R 1845 1779 em™ 4b R I C=0 5 & % 3h 7 A& i XL A
1688 cm™ Ab MR C—=0 W2, 7= W) 1727 em™ AbHEE C=0 W= o A b 4RAF 21 ZN i i 06 11 334 25
Az S T R T A R AN T A T K AR T R AR SO, LB BENRE o
2.3.3 'HNMR %4 DREEME = H K H NMR 3% & L& 3, 76 'H NMR (CDCL, fE¥% 5], Bruker
AV 600 MHz, TMS Sy xR ) 25 28 BT+ (i T AR 5 51 B9 850 H R B0IE T OC R 19, i [ ] & i 3R
106 4~ H, — S HEfF 0 () 2589 14 8 #:8 5.297 (1H,s, “CH) ,4.026~3.892(6H, m,3 x> CH,),
2.891~2.589(2H,m,2 x*"*CH) ,2.347~2.013(2H,m,2 x " CH) ,1.058 (3H,s," CH,) ,1.011~0.999
(d,J=7.2 Hz,6H,2 x'""CH,) ,0.817~0.806 (9H,s,3 x*****“CH,) ,0.525(3H,s,CH,) ., H %
HE 1 MG s A E S B E T, W Y a5 5 B e G AT .

b

] M
4600 3500 3600 25‘00 2600 1500 1600 560 5.‘5 5.‘0 4.‘5 4.‘0 3.‘5 3‘.0 2.5 2‘.0 l‘.5 l‘.O
YeHr/em ™! °
a. F e lauryl alcohol; b. TSR IAATR maleopimaric acid;
c. TORIEAAIR = A MR tri-lauryl maleopimarate
2 ERMERENE= AERIIMEE B3 Dkignig=A#EMN HNMR LE
Fig.2 FT-IR spectra of raw material and Fig.3 'H NMR spectrum of tri-lauryl

tri-lauryl maleopimarate maleopimarate
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2.3.4 "CNMR ## "CNMR j%®& W& 4, £ °C NMR ( Varian INOVA 150 MHz, TMS & N#5) i
it 53 B Ey ok g FA TR (CD,0D) #1724 (COCL, ) C W (Y 4k 2 0 78 A AL H A9 28 4k, BT LURAE B R i FA R — H
FEER A G 2 . RN 4 (a) A1 (b) IR, 7= 9 LU ORI B 2 1 8 70. 98 6487 Fil 57. 13 3 4~ ,3X 3
AU SR L 0% i B C U 0 B R AR AN H R E A A T BRAR RN, IAIEL 4 (b) 72 C g
B E RG] 8% 40 57 45 FAIE B = M 454 5 AR e & —3

I — | [ o Lol
180 160 140 120 100 580 60 40 20 180 160 140 120 100 ;30 60 40 20

B4 DRiEHE(a) 5DREMNE= AR (b) A "C NMR i&E

Fig.4 "“C NMR spectra of maleopimaric acid(a) and tri-lauryl maleopimarate(b)
2.3.5 HPLC 547 Wiy KW IO 205 nm, T B BEAF AR O, BICAE 2. 223 min Zb2x i B
HIBE W I S (a) s ol @35 S (b) Al O BRI ) 2 14. 063 min (4104 Sy B g AR = H A , T AR
A — AL S TR A B 99.14 %

a b

0 2 4 6 8 10 12 14 16 0 2 4 6 & 10 12 14 16
5 [E]/min 5 [E]/min
ES5 HE(a)RIRSNE=FHEE(b) SWREE
Fig.5 HPLC curves of methanol(a)and tri-lauryl maleopimarate(b)
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2.4.1  #oE-Z AT PR 25 G e R A BE TR 5 125

100 ————
PR T (TGl 2) B9 i B SR T I ORI B A 120
(DSC HhZR) , #e s vk 2 ot 4 90 50 1) — A~ B4 A . " 1=
W6 1) TG 2 o LA i, Dok AR = A RERE R & 2 o f
10 % 3 329 °C ;2T 50 % g 387 °C, Mo Ik HC 205 4 36 AR 3R 40’/ Hoog
RH 90 % 3432 C, Bk HIEA i 5 4. DSC fiZkrm 20 1-05
F P 43 B AE 424 1 485 °C 4b. th L AT 1, T ok it 10

100 200 300 400 500 600

PR = 7 B e EL A0 R T 2 AT 7 Ay i A 8 44 9 5] ST
2.4.2 F EIA S IRBEH]— 0w FH S AR R gy gt
242 B SHOA H%FH*EEWJ{U?% M6 DREHESAREAEEAHS
TS T B R AN PR = R I A D R0 0 R A TR .

N 6 ig.6 TG and DSC curves of tri-lauryl ma-
R 45 SR 55 45 K 2 D) Y B R TR RA R = % Tig (TOMP) ') 5
it AR — T S T (DBOMP) ' | Je 7 28 % % ik [ K 1

leopimarate
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ZHIM T Z B AE =8 = (2-25) TR (TOTM) 895 (R g dt ) 1 347 T X5 b, S5 S 3% 4 T
®4 DkiBWEE= A (TLMP) HEaEia N
Table 4 Physical property data of tri-lauryl maleopimarate

WiH Eﬁjlé N3 Eﬁjlé (ﬁj’& iz Eﬁjlﬁ fﬂj’& iz i 2 =R =
- = b =5 “T R (2-2.3) B
TLMP TOMP DBOMP TOTM
AW appearance 2 Wit %(& Mi ) (EE ’Ij({{?l {z‘g
transparent oily liquid oily liquid
5,7 (4115 ) color( platinum cobalt) <57 <120
Jn#JE €L7% color after heat <63
{8 acid value/(mg-g™") 0.98 0.45 0.65 0.3
fIN# S B acid value after heat/(mg- g™ ) 1.23
S 4 heat weight loss/ % <0.08 <0.1 <0.17 <0.15
{ARFLHL BH R volumetric resistivity/ (€+ m) =2.6x10" =2.2x10" =2.7x10" =1x10"
[N 5 open-cup flash point/°C =269 =254 =240 =240
%E [ 15, freezing point/C < -55 < -40
@ [ (20°C ) density/ ( g+ em =) 0.980 0.988 +0.002
PrEZ (nl)) index of refraction 1.4846 1.484 £0.003
£ 7K & moisture content/% 0.08 0.1
ZhJE (20°C ) viscosity/ (Pa+ s) 0.200 0.450 0.105 0.242

H12 4 0T LUA H, TLMP 2 8, B R B AR O TN s, T 4 S P, A, IS TR . (U S
IR AR BN AT G WY R I BEOK , Ho— 2848 b5 LU R 2R B 7 i MR 4F o TLMP 3 1 8EBEBR 45 44 , i
FLEE B R AT S I T TR TR R A EE MR AR R A X WP E T TLMP A 7E X S8 RE 4 TLMP 2
WX > 1 B o 923, 70 1 S A B SR H A BUR AR A L0 (PVC) N U HE , 3158 2 i LR,
Bl Al R B (A RAIG , LA R AT A M, TLMP Y02 — R 25 6 3 5 B O 19 W7 18- A4 b ™ 5 R 5, JF

S ) PR 5% 1  F0 397 750 45 0, B 34 9 54
3 458

3.1 BH T BB RIEIAR = A HERR8%

LSIA
2

Wi PR3, R B T RS L A n (ORI AR -

n( AHEEE) 15, ok BT R A 1R O o o T A R I B 3.6 %, SONE il JE 200~210 °C, 4 /K 5 IE 3 ¢ 15 mL,
N, P4 R RO 8 h, BRAE N 1. 11 mg/g, B &5 54 99. 14 % 774 91.9 % ; Biib il 40 R W] e (Al T 20 5%

PERA R IRE TR, T A5 7= ah SO

3.2 FT-IR, 'H NMR, "C NMR,HPLC, JEE 7 % T Bex) FAR = W HEAT 250 RAE , #0817 7~ 04544

3.3

IS T Bk e MR — A REMR A9 (015 R IAARE I IR T 1 DR R B I AR B B
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