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Synthesis of dimethyl 2 ,6-naphthalate via esterification catalyzed by
Brensted acidic ionic liquid
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(1.State Key Laboratory of Green Chemical Engineering and Industrial Catalysis, Sinopec Shanghai Research
Institute of Petrochemical Technology, Shanghai 201208, China; 2.State Key Laboratory of
Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract ; Six kinds of Brgnsted acidic ionic liquids ( BILs) , including [ MPSIm ] [ HSO, ], [ EPSIm ] [ HSO, ],
[BPSIm] [ HSO, ],[ HPSIm][ HSO, ], [ MPSIm] [ H,PO, ] and [ MPSIm] [ pTS],are synthesized by two-step method.
Their catalytic performance is evaluated in synthesis of dimethyl 2,6-naphthalate through esterification process.lt is found
that [ MPSIm ] [ HSO, ] shows the highest catalytic activity among six BILs.The conversion rate of 2, 6-naphthalene
dicarboxylic acid and the yield of dimethyl 2, 6-naphthalate can reach 99.1% and 92. 9%, respectively, under the
optimum reaction conditions that the temperature is at 137°C | reaction lasts for 4 h,the mass ratio of methanol to 2,6-
naphthalene dicarboxylic acid is 7. 5:1 and the dosage of [ MPSIm][ HSO, ] catalyst is 2 wt% of the mass of methanol.
The catalytic activity of [ MPSIm ][ HSO, | has no significant drop after being reused for ten times. Moreover, comparing
with traditional catalyst H,SO,,[ MPSIm] [ HSO, ] can obviously inhibit the side reaction of methanol etherification.
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2,6-Z5 " Hig —Hifig(2,6-NDC) & EE 1k
THEA, L) 2,6-NDC A JEURHS B AT R R R SR 25—
HR C IR (PEN) (SRR FRE B 5 EE B
it ARG A MR T4 48 PET TR i e iR 1%
DL R AR A S T A B 2 IR R

%4 2,6-NDC & Mt 2R LA 2,6-28 —H iR
(2,6-NDA) FlFHEER 5Ok, SR HITCALER ( IR B iR )
| LA Y (a0 MoO, ) A i Ak 57 47 1k 1k 2
R R, JCAL R T 70 X 35 458 foh ™ B LG
BARFMEF 5 iR F 2w A W A AR S et
T RT 200°C . BT WA B AR AR bk
DA P AR Bl FH A5 R PE , X R B R A A A R

A2 1) 7 2 MRE 5 8 - WA i A 1o e )
FHECS o TR A A2 2 X VR A A R A i
T KR AT (B B A T 2,6-NDA Pl
I AR AN HGE

B RN E S T AR BA FHES 1/ 6 A
Bronsted FR 125 73044, 0 16 i 1 PEREBCOL Y 2 1
WAL RIF AL T R 25, RIS 2 7 ik S
BRI XTI

1 5£I§

1.1 #E 5
PRG3R 1) Z SRR AR Qe 1 R,

%5 B #A.2019-08-28 ; i€ B H #i : 2020-04-09

TEB BN BHFME(1990-) , 5 145, BhERRFsR 01, iR 5877 [ ok Ak TR S HIK R A chunxiq1990@ 163.com,



- 180 - FAX AL L

F1 ZFRAFAERS R

ik B &K
2,6-Z5 " HR >98% TCI
B AR = 245300
2,6-Z5 W R — W g >99% Al F Al
N— B JE b AR 2t A=
N-Z, FE bk AR Lt A A=
N=T Hpfmg AR Lt 7 AR
N—C) LB AR L A 2E )
R AR I 2453571
1,3 -T2 N ik AR (IS 7w
WRARR AR [ 2534711
LR AR ] 24534711
— K&t 2R R AR [ 25351
X R e AR [T I F W

1.2 EWH*E
1.2.1 B EEemE T RAE

55 1 DR AR R 0 ot B A K e R 1,3 -1
BAPR N R T £ R LR, 7E 70°C R [y 8 h, i
U, AR LR LR T 40°C F B Bk TS
ESER 56 2 NG SRR PNt i B Tk,
TE 90°C NIV 8 h, BEH: 78 K WK, i g AR
LIRETET 70°C T L VE B, PRI 8 T HL s HLA
T 15CF o T4,
1.2.2 & -Fitkey R e

(1) B T AREE /) AL . R FT-1R | 'HNMR
(WFIA D,0) X B PRI TRALE

(2) BT WRTR 4 #1 : R ] Hammett Fig & X}
BRI A T T =t () B, D
RFB SISk 9] .,

H, = pK, +log([1]/[HI]) (D

o pK, S0 SRR B 0 FL B H R, R 0. 995 [ 1] A1
[HL] 43500 A A Jot 10 F1 53— 4 %o il 5 28 e 1) Joit

(3) B IR M A28 1 43 BT - R FH R - 22 34
(TG-DSC) B FH 1 71 4 A 45 B8 IR AR e
1.2.3 B

PREC—E A H B 2,6-NDA DL M B T A
TR, RH N, st 88k R g <, Il
ZLNPITE N, /18 0.3 MPa, JFE fit$k 5 4, 24
22 NIRRT Z U IR B TR AR VT 5 2 N 2 48 o B
[0k Ny, F Pt Bei TS B R AT,

7Y 2,6-NDC 2 it T 78 FH BEH 7 i BEARAIC,
WP AT 36 o 3 5 T S R AR Y S R, T Il
WAL P 8 R AR HHY Pty R ot e 7% i 2 WA P R K 5 P
UHEA TR AL S, LA 58 B WA 6 PR FHRRE o

B40EE 6 H

1.2.4 BEL = E 25

R FZ N (2) ~ X (4) PR, Bk
PR R RO s SGHA T BT . B
PR e ant&l 1 Fros X W sl Ak @I SO, R R
IR BRI G T i A T o 1 53T

COOH AL
HOOC OO + CH,0H

I
C—OCH
Hooc OCHs 41,0 (2)
I
. Ak 7
HOOC C—OCH; oy o 7
0
g OCH
cho—c P0G
’ |
0
FEALH
2CH,OH =~ CH,0CH, + H,0 (4)
“-:60_ y=1.00264x10-5x
'En R?=0.998
= 40
®
]
§= 20}
<
a
Z . . .
o 2000000 4000000 6000000
o UAETE AR

(a)2,6-NDA brifi ik

)
S

y=1.09232 x10-5x
R?=0.99945

[
S

(=]

2,6-NDCJF e BE /(mg - L)
S
[=]

3006()00 6()()100()0 900b000
BB
(b)2,6-NDC bt il 2

—
N

o y=1.0767x10-x =
£ oL R2=0.99725

=

8 6

=

o 3

a

ZI 0 1 1 1
= 3000000 6000000 9000000
= T B

(¢)MM=-2,6-NDC Frifi £

B1 &4 AR %

2 ZERE5WE

2.1 BFREHEN
B 6 FhES TR A FT-IR 35 a0 2 e
N HE 2 PATRIA 3 105 em™ Ab g BRIk BR 1)



2020 6 B

C—H 43Rz, 1 566 cm™ F1 1 465 em™' Ab &k
A B ik fifie L Bk AT e R0 OB R AIE 1%, 1160 em ™' T
1016 em™ &b 2 fif {2 JE HA v i 40 X B Ry AF 0,
2900 em™ " Ab 1) 22 e Ry AN TR B Al JBCAC Jot 25 11
FRAFIE ) 1599 em™ F1 964 em ™" Ab 43 91| Ry A FR A
WERR AR (Y RRIE G

3000 1000
1—[ MPSIm [ HSO, ] ;2—[ EPSIm] [ HSO, ] ;3—[ BPSIm ][ HSO, ] ;
4—[ HPSIm] [ HSO, ] ;5—[ MPSIm [ pTS ] ;6—[ MPSIm [ H,PO, |

K2 £&%FRMEFT-IR i% &

B LAY 6 Tl FIRAKRRT THNMR 4l anF .

[ MPSIm ][ HSO, ] : '"HNMR (500 MHz,D,0) ,8:
8,47(s,1H),7.237(s,1H),7.169 (s, 1H) , 4. 077
(t,J=7.5,7.0 Hz,2H) ,3.613(s,3H) ,2. 640(t, /=
7.0,8.0 Hz,2H) ,2.058~2.000(m,J=7.2 Hz,2H) ,

[ EPSIm] [ HSO, ] : "HNMR (500 MHz,D,0) ,8:
8,47(s,1H),7.19(d,2H) ,4.02(t,J=5 Hz,2H),
3.90(m,J=5 Hz,2H),2.58(m,J=7.5 Hz,2H) ,
1.98(t,/=7.5 Hz,2H) ,1.16(t,J=7.5 Hz,3H) ,

[ BPSIm] [ HSO, ] : "HNMR (500 MHz,D,0) ,8:
8,59(s,1H),7.30(d,J=2.5 Hz,1H),7.28(d,J=

E=EIBZE  Bronsted BB B FRIAEILESL 2 ,6-E__ BB — BREEIVE Y

- 181 -

2.5Hz,1H),4.13(t,/=5.0 Hz,2H) ,3.97(t,J=
7.5 Hz,2H) ,2.68(m,J=7.5 Hz,2H) ,2.08(t,]=
7.5Hz,2H),1.61(t,J=7.5 Hz,2H) ,1.07(t,J=
5.0 Hz,2H) ,0.67(t,J=7.5 Hz,3H) ,

[ HPSIm] [ HSO, ] : "HNMR (500 MHz,D,0) ,8:
8.61(t,/=2.5 Hz,1H),7.32(m,J=5.0.7.5 Hz,
2H),4.15(t,J=7.5 Hz,2H),3.98(t,J=7.5 Hz,
2H),2.68(m,J=5.0.7.5 Hz,2H) ,2. 10(m,J=7.5
Hz,2H),1.65(s,2H),1.06(m,J=5.0.7.5 Hz,
6H),0.61(m,J/=5.0.7.5 Hz,3H) ,

[ MPSIm] [ pTS]:'"HNMR (500 MHz,D,0) ,5:8,
50(s,1H),7.46(d,J=5.0 Hz,2H) ,7.27(s,1H),
7.20(s,1H),7.14(m,J=2.5 Hz,2H) ,4. 11 (1, /=
7.5 Hz,2H),3.65(s,3H),2.69(m,J=5.7.5 Hz,
2H),2.17(s,3H),2.08(t,J=7.5 Hz,2H) ,

[ MPSIm] [ H,PO, ] : "HNMR (500 MHz, D,0),
8:8.55(d,1H),7.31(s,1H) ,7.24(s,1H) ,4.16(t,
J=7.5 Hz,2H) ,3.69(d,3H),2.71(m,J=5.7.5
Hz,2H),2.11(t,J=7.5 Hz,2H) ,

5 FT-IR F1 "HNMR Frfg RAELE BT LIFE
i, 3X 6 FiES IR BAR L 5 B
2.2 BFREMHEENE

ANE B TR TG-DSC #hZR &l 3 s, H
3 Hra] DLA 6 i B A 1 o3 ik Ui BE Y KT
300°C ,7E 150°C LAR, 6 Fp g T iR 2k R /N F
3%, TR FE R AL SO R AN R T 150°C, #E
RN BRI R e FETE

& 100 8100 2 8100 L5
1.2 = ~ 1
§ 801 ! ﬁ 80} ! 14 ﬁ 80 s
2 0.8 11,
@ 60 & @ 60+ & @ 601 105_,
— b = 10 = — ~
S 4ol 04 o 4ol M o 40l B
2 40 2 2 40 2 40 loss
T 20F 0.0 = 20} -1 = 2
E 0 1 L 1 1 -0.4 E 1 1 1 1 -2 E 0 1 1 1 1 0.0
= 100 200 300 400 500 = 100 200 300 400 500 =) 100 200 300 400 500
WEE/C BEE/C B/ C
(a) [MPSIm] [ HSO, ] # TG-DSC [&l (b) [EPSIm] [ HSO, ] B TG-DSC K] (¢) [ BPSIm] [ HSO, ] i) TG-DSC &
8100 2.5 100 1.6 8100 2.0
ﬁ 80 12.0 ﬁ 80 1 ﬁ 80} .
J1.2 {15
@ 60 s 58 @ 60 ) g @ 60} £
S sl Lo® 2 .l SN 5
% 40 l.Og E& 40 08 bic| £, 40 1.0%
= g =)
g 20r 10.5 = 20 T 20
@0 & =
; 0 1 L L L 0.0 E 0 1 1 1 Il 0.4 E L 1 1 L 0.5
= 100 200 300 400 500 100 200 300 400 500 = 100 200 300 400 500
WREE/C TREE/C = BREE/C
(d) [HPSIm] [ HPO, ] B TG-DSC Kl (e) [ MPSIm][ pTS]# TG-DSC & (f) [ MPSIm] [ H,PO, 1B TG-DSC
1—TG fihk;2—DSC ik
B3 R B FREe TG-DSC # 4



. 182 - A AL T

2.3 BFREN Hammett B

TN TR ] B R 5 A ) 5 YR A X il 2 e 114
SHMRIBOETE IR 4 Fros, HIE 4 bl LUE Y &
Y BAER A 374 nm LW 3 . TEIZKT,
FKHE (1) X B F AR A Hammett 2 B2 #1731
BLAERIE 2 PR, Bk 2 BT LIR N, MR T
S R ARG F R B R AR B B R AR R LR AR
5 ) Bronsted FRYE ; 240 B F W BERR SUARKT | BR T4
55, X HORIRIFHES 7 N B TR R Hammett iR JE %
PR, A BRI P 0 B A RE B B ) 1S B U A
FREERG N, SCHR[ 9,11 T s b TARIA 25 1 1R
SRRy Bt N o SR B B TR B
TRRARIGOR B URAA ) B TR R 4 A e ) T B
MW S S48 R 456 . SRR BT B 5
+, BHE 7R T RRYE R 52 A 3

7
}

2F 5
il
§ ()

1 -

4 3.6
0 1 1
300 350 400 450
P /nm

1—[ MPSIm ][ HSO, ] ;2—[ EPSIm ][ HSO, ] ;
3—[ BPSIm] [ HSO, ] ;4—[ HPSIm ][ HSO, | ;
5—[ MPSIm] [ pTS] ;6—[ MPSIm][ H,PO, ] ;7—25 1
B4 AR EF BT e F K e w5 b ik
T B TR BE 9 0. 05 mol/ L, % il B 48 e vk B hy 1. 5%
107™* mol/L,

x2 AEBFREN Hammett B E

BILs A [11/% [IH*]/% Hg
ZH 2.423 100. 00 0. 00 —
[ MPSIm] [ HSO, ] 0.916 37.80  62.20 0.784
[ EPSIm][ HSO, ] 0.876 36.15  63.85 0.753
[ BPSIm] [ HSO, ] 0. 858 35.41  64.59 0.737
[ HPSIm][ HSO, ] 0.833 34.38  65.62 0.721
[MPSIm][H,PO,]  2.348 96. 90 3.10 2.581
[ MPSIm] [ pTS] 0.833 34.38  65.62 0. 721

2.4 BFREMELESE

Tk A= 7= v, G Ak S A B 7= 1 75 A
rhEATSES AR 4l 7E 130°C F,2,6-NDC 7E I g p
IRIREE 2N 25 ¢/ (100 g) , PRI 7E B R I 2 LE Ay
5BAME N (IR AMN R 137°C RN BT[]
4 h R AR 5T S R (AR T R B )

B40EE 6 H

1.5%) , %552 6 Mgl AR M fb s M 45 R sk 3
Firs. 33 el LA, BT [ MPSIm ] [ H,PO, |
FRPERAR , 4R 2B IR AR AL SR A R
1.00%, %[ MPSIm][ HSO, ] .[ EPSIm][ HSO,] .
[ BPSIm ] [ HSO, ] #I[ HPSIm | [ HSO, ] A A7 P &
B, BT A B A AR T R I 5 R BE TR AR G X 2 A
hy it 25 R IR AT e 4 B2 () 398 K, 8 T VR MR B K
P, A5 ROWAR R P AR K B g 5 A EAE
FH R8P 305 ) % 5, BEAIR T 2, 6 -NDA #5454k
R 6 FiEs A, [ MPSIm ] [ HSO, ] 1 i 4k
TR AH RS T AR AT A 96. 1%,
*3 TEBEFREI FEA R R E A% 1 500

1L H; ALK/ % W/ %
2 — 0.32 0.15
[ MPSIm] [ HSO, ] 0.784 9. 1 86. 1
[ EPSIm][ HSO, ] 0.753 86.9 80.9
[ BPSIm] [ HSO, ] 0.737 74. 4 67.6
[ HPSIm ][ HSO, ] 0. 721 87.2 79.7
[ MPSIm] [ H, PO, ] 2.581 1.37 1.00
[ MPSIm] [ pTS] 0.721 84.5 78. 4

2.5 BFREI KR ZE

IK B FEAE AL 23 52 0 S~V i 25 R R K
TS YRR B EL A R I 8 TR B A s
TEBERR e U2 7.5 11 JREE S 137°C s vy B[] 2y
4 h F1[ MPSIm ] [ HSO, ] i &/ 80k 2% W9 4514 F
FHEL TN W) Ih 7K 5 4 (RO T B A o i)
XTTERAL RN 520, 25 R ANER 4 FroR, & 4
ATLAE SRR T R ia K B 80N T 1. 67%
BF, B bR 7= W 09 R A7 AT 3k ] 90. 9%, Ui B
[ MPSIm | [ HSO, ] %t /K A — 5 W 21

x4 NB/KRESHEXT[ MPSIm] [ HSO, ]

AL B R RN
KBTS % AL % W/ %
0 99. 1 92.9
1.67 99.0 90.9
2.50 90. 8 81.7
3.33 76.2 66.7

2.6 BEURMTZ
2.6.1 R EE A 84 %R

FERERR Tt LR 501 RS 137°C AL 7)ot
WML (X T BER TR ) O 1L S% AT, B 5%
T [ MPSIm [ HSO, ] #1[ BPSIm | [ HSO, ] Wi Fh it 4k 5]
SR e DX Ak e FR RS e, AN S Bk, A



20200F 6 8  FEEF Bronsted BRITE FRIKMENLESL 2,6-F PR _PEEIISK - 183 -

5 AT AR Y, ROWAE 3 h R AR SRR RIS E
(6, RSN B, O DRI S N ) S8 70 BEAT | R I
(A AT — 58 A i, DRI IR B S 10 I )4 4

1.00

0.75}
H
X 0.50f 2
&

0.25F

0.00

i 2 3 4 5
i [ /h
(a) I st ) %ot B A SR Y 2 i)

1.00

0.75+ 1
# 0.50} 2
=

0.25F

0.00

T 2 3 4 5
i /h
(b) J R T A 1 B

1—[ MPSIm ][ HSO, ] ;2—[ BPSIm] [ HSO, ]
BS R E (A % B R BL B G R ik 0 e

2.6.2 REMHA

PALMPSIm ] [ HSO, ] >4 4k 751, ] 2 5 iR JoT 4t
FEoh s 1 R IEE] R 4 h AR AR ) R A B
1. 5% 40F T IR BEXT S B2 an el 6 i, H
Bl 6 rhal LIE Y, A R T, e A Rk i
WERE . YR EERF] 137°C)F,2,6-NDA (1)
BEALARIR 96. 1% 5 ik — 238 K I Ik BE X6 Ak R 52
WA 35 SR Y IR EE N 137°CFFZ 150°C I, 724
R 86. 1942 T+ 2 89. 6%, XA 2,6-NDA
PRI — A R N A, R T ) AR R rp
) MM-2,6-NDC it — 554k k 2,6-NDC, ff )it 3%
P, (HYIE B TR F) 150°C 5, Y I i Ak Ak R S g
AARTEEE QNSRS R, L, 255 25 R BE S0 i
BEH 137°C

1.00 1.00

0.85f /:/. 1085
¥ ./ ¥
§ 0.70f / {070 F
0.55) {055
120 130 140 150
REE/C
1—HFE4b 3R 2— i
6 8T E R N5 g 8 B o

®S5 AEBETHENBRLE &K
R/ C 120 130 137 150
H BRI RN AL/ % 1.44 2,97 4.23  10.15

2.6.3 BRI 0

TAVAEFERE Y% 2,6-NDC T 2 stk e
NEJE Y 2,6-NDC AH 1 T 120°C L 1 iy FH s
Wb T A R 4, 7EIRIE 130°C I, 2,6-NDC 7
B R B BE 20 25 ¢/ (100 g) o AR AL T BL
SN 7= ) BTG B OT , 5 S BER o L
3:1~10:1,

I 52 S LT SR 137°C RN [R]N 4 h Rk
FI[ MPSIm ] [ HSO, | Bt 73 80 1. 5% W 26440, %
ST IR 0T A U TR Ak R 5, 45 SR ] 7
Fiim o T Hal LA Y B T i Lo 3 LR,
2,6-NDA [5EALZAN Ny 73% 5 38 KR o i Le ml fiff
N [0 77 ) B ) B B 0 R T A L A ]
7.5 1B E— 20 R T i b B N T A s i I
AN L B T LR 7. 501,

1.00 _ ——1.00
I/-/
- | ]
%0.85' / '/-2/ {0.85
H
s =
0.70} 4 10.70
0.55 “Il '6 '8 1'0 0.55
BRI R L
I 2— %

B 7 B LA B L SR 5l S AR i

2.6.4 EAH R 50

LA MPSIm ] [ HSO, | Ay i Ak 50, [ 2 S 1 it i
R 137°C JVRFEIA 4 h FIEEER i b ok 7.5 110
FAFT AR B8 53 85 CREDRE T HY s 9 T 6 ) X iR
SR B AR &1 8 7

1.00 _ 1.00
| —
0.85f .% 10.85
3 070 10.70
0.55} H0.55
0 I 2 3
REALIR T 53 %

R BIIE

B8 AL T & 2 B3 B AL R BL %% AL 3 A
e A



- 184 - LA AL T

Il 8 v mT LG Y il A A 39 oo 0 R 1
KRR AL TEEOI 3 2, AL R RO B3 1
Th, 25 i A6 50 BT & B 2% B, B AR R Gk 3
99. 1% , SR K 92. 9% , BEALACR R AT i — 4
AL BT B SO IR R LT R, i, ik
{14 T S 7 A AR BTt 3 Bk 2%

2.6.5 AEALF HEIR @ R A

2,6=NDC 7E 65°C W B v (1) 345 fif BE Al 0. 65
g/(100 g) , H 2,6-NDA 7£ 65°C R JL-FAE T H
it D] T 3 e VA A2 R s I R AR, T
JVE R EE 137°C S W B [E] oA 4 b B R 0 H ol
7.5 URIEAL T BT i o B R 2% AR, B T
[ MPSIm] [ HSO, ] B 9% ¥5 o] F 4, &5 R an & 6
o HFR 6 AT LIFE I AT G A 10 IR
J& 77 2,6-NDC IR LT 3% A g

R 6 HEWFIIEIRGE RR BB R B 2 B B0

PEFR UL 1 2 3 4 5
W/ % 92.91 93.27 93.97 93.52 92. 89
HEA AL 6 7 8 9 10

W/ % 93. 40 92. 58 93.10 92. 85 93. 41

2.7 BFREMEERL LR

TEREIR B b2 7.5 01 AT B 73 B0k 2%
PASR I B A 4 h 9454 66 [ MPSIm ] [ HSO, ]
S5 Wi BRI AT T X b, gk 7 R
R 7 TRl LLAE B R 0 b TR MR AT
[ MPSIm [ HSO, |, HAE 130°C T B Al 34 3 B T 4k
140°C N AL . SRR FHAR IR A fi Ak A B,
kAL R SN ™, >R HI [ MPSIm | [ HSO, | A] 1 3%
FEARIR RBEIL R SO, 255 75 Ik i Ve | rT 6 35
T FE A A B 00 46 8 S22 f9) 1 R, [ MPSIm ] [ HSO, ]
LA BB 1) B 41 AT 5

®7 BFREMTmBROELELEEUR

FAESEA L Bl K B2 % b

W, MR HCR(ET o PREME o PEEEL
CO(WR)/% W) /% (BRI /% (BSTRK) 1/%

120 67.78 50. 59 5.41 1.84

130 92.39 75.90 8.72 3.51

137 93.07 92.90 14.05 5.51

150 87. 86 94.12 21.35 10. 35
3 B4

R AL AT 6 Ff AR B FH B 7 1Y
d

Brgnste é‘ﬁ%?(&ﬁi, 5T HXTF 2 ,6-NDA

B40EE 6 H

P fla B A4 Ak B 07 6 T 5 A0 1 8 Y A A Ak
IR T -7 T 04, S a5ieanF .

(1)6 FE PR, [ MPSIm ] [ HSO, ] A1k
TR

(2) 2R HI[ MPSIm] [ HSO, | Ak, D4k 0 A
T 24N RN 137°C R A 4 h
WERR A U Ry 7. 5 VRIS B 50k 2% (A%
FAREE A 5 o ) 5 ELIZ A AR R FE AR A 10 WU,
AL PERE A AR 1L

(3) [ MPSIm ] [ HSO, ] A i & P& AR AR & P (%)
Wk AR SN, BT R A Tl 1 R AT 5

S E
[1] Bt SRR NG 5 3R A £ 0 S PERERFIE [ D] 1A

PUJIR=%,2003.

[2] Holzhauer, Juergen, Klaus Y, et al. Process for preparing pirified
dimethyl naphthalenedicarboxylate ; US, 5262560 [ P ].1993 - 11-
16.

[3] Machida H,Zaima F,Nakaya K, et al.Processes for the production
of high-purity dimethyl 2 ,6-naphthalenedicarboxylate and naphtha-
lenedicarboxylic acid:US,6013831[ P].2000-01-11.

[4] Behrgens P K, Holzhauer J] K, Hussmann G P et al.Process for pre-
paring diesters of naphthalenedicarboxylic acids:US,5350874[ P].
1994-09-217.

[5] Pell T M.Process for the preparation of dialkyl esters of naphtha-
lenedicarboxylic acids;US,6211398[ P ].2001-04-03.

[6] Chinnappan A,Kim H.Environmentally benign catalyst: Synthesis,
characterization , and properties of pyridinium dicationic molten salts
(ionic liquids ) and use of application in esterification [ J ].
Chemical Engineering Journal ,2012,187(2) .283-288.

[7] Cole A C,Jensen J L,loanna N, et al.Novel Bronsted acidic ionic
liquids and their use as dual solvent-catalysts[ J ].Journal of the A-
merican Chemical Society,2002,124(21) :5962-5963.

[8] Han X,Zhang X,Zhu G et al.lonic liquid-silicotungstic acid com-
posites as efficient and recyclable catalysts for the selective esterifi-
cation of glycerol with lauric acid to monolaurin[ J].Chemcatchem,
2016,9(14) .2727-2738.

[9] Qin W,Min W,Yu H,et al.Synthesis of polyoxymethylene dimethyl
ethers catalyzed by Bronsted acid ionic liquids with alkanesulfonic
acid groups [ J]. Industrial & Engineering Chemistry Research,
2014,53(42) :16254-16260.

[10] Wang Y, Dan Z, Wang L, et al.Immobilized phosphotungstic acid
based ionic liquid: Application for heterogeneous esterification of
palmitic acid[ J].Fuel,2018,216:364-370.

[11] Mumtaz A.Physicochemical properties, Bronsted acidity and ecotox-
icity of imidazolium-based organic salts; Non-toxic variants of protic
ionic liquids [ J]. Journal of Molecular Liquids, 2018,269; 178-
186.

[12] B8R RRME SRR AL B TR 1 & B A A AL R AL S0 i
B HBESEL D] R HE REEK,2016.

[13] Freire M G,Santos L M N B F,Fernandes A M, et al.An overview
of the mutual solubilities of water-imidazolium-based ionic liquids
systems[ J ].Fluid Phase Equilibria,2007,261( 1) :449-454.

[14] Rafiee E,Mirnezami F.Temperature regulated Brgnsted acidic ionic
liquid-catalyze esterification of oleic acid for biodiesel application
[ J].Journal of Molecular Structure,2017,1130:296-302. 1



