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Preparation of Co-Mo,C with isosorbitol-tar reduction for catalytic synthesis
of dimethyl 2,5-dihydroxyterephthalate
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(1. School of Petrochemical Engineering, Changzhou University, Changzhou 213164, Jiangsu, China; 2. Advanced
Catalysis and Green Manufacturing Collaborative Innovation Center, Changzhou 213164, Jiangsu, China )

Abstract: Cobalt-hybrid molybdenum carbide (Co-Mo,C) was prepared by in situ reduction of ammonium
molybdate tetrahydrate and cobalt nitrate hexahydrate with isosorbitol-tar in the presence of anhydrous
K,CO; at high temperature and characterized by XRD, N, adsorption-desorption, SEM and XPS. The
Co-Mo,C obtained was then used to catalyze the oxidation of dimethyl succinate (DMSS) by O, to form
dimethyl 2,5-dihydroxyterephthalate (DMDHT). The effects of calcination temperature, molar ratio of Co to
Mo and oxidation conditions on HPLC purity and yield of DMDHT were investigated. The results showed
that Co-5Mo,C-4 (Where, 5 is the molar ratio of Mo to Co, and 4 is the calcined time, h) with a specific
surface area of 134 m?/g could be successfully synthesized by in situ reduction of ammonium molybdate
tetrahydrate and cobalt nitrate hexahydrate at 850 °C for 4 h with isosorbitol-tar, and exhibited good
catalytic property due to the synergistic effect of Co and Mo,C. Under the conditions of 2.00 g
Co-5Mo,C-4 as catalyst, 1.00 MPa O,, reaction temperature of 110 °C, and reaction time of 4 h,
DMDHT with a yield of 88.22% and HPLC purity of 99.98% was obtained. Meanwhile, Co-5Mo0,C-4
showed good cycling performance. The yield of DMDHT decreased by only 1.7% after 6 recycles, and
7.3% after 9 recycles.
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dimethyl 2,5-dihydroxy terephthalate
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KBr R I HIFE, AL 4000~400 cm™' . JH
OB %X (HPLC ) M= Shali i, 43 #r 51
UV Kilgs, K 254 nm, WD-C18 4 (4.6 mx
250 mmx5 pum), FENFHFEE, FE 1.0 mL/min,
XRD Mik: 40 kV, 150 mA, ¥ 0.154 nm, £ K
0.22°, 10 (°)/min, FLFREFMFLE AN R
SR HEAT, MR . —195~850 °C., XPS iR .
Hifh, ALK, (hv=1486.6 eV, T 150 W, 500 um
B, e rArds BB REh 30 eV, SEM MK
15 KV HIGER T, 30 kV iR,
1.4 f&E4 O, &4 DMSS & DMDHT K =€ 4

5EEHH
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Fig. 1 Scheme of catalytic oxidation of DMSS with O, to
form DMDHT

1] 250 mL ki RSO A2 A 23.55 g (0.10 mol )
DMSS, 150 mL & . 2.00 g Co-5Mo,C-4. i A O,
B3 WIEE 0, & 0.20 MPa, K &1k, BT+
IRZE 110 °C, #MEJERE 1.00 MPa, 435I 454 5w
4h, VERIE, WHIEZR, s . BB OV .
ik, DR AP AR . DB VR 25 R 1R 2y 80 mL
O, BRWCE T UKAAZS fh 12 ho #hiE . JEVFH 30 mL
ZEARKAMPE 3 1K, 60 °CEZS T4 12 h, 155 19.96 ¢
AR AT DMDHT, R 88.22%, HPLC 4l
9 99.98%. %30 (1) 1% DMDHT W% .
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XS i, 226.2,
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Fig. 2 XRD patterns of product A, Mo,C and Co-5Mo,C-4
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35-0787 )XTEb, A3 BIXTRL T Mo,C(100). (002). (101),
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A, AR TERTE 850 CCHA BRIL i
JE AR VUK A R B A IR, £3 51 Mo,Co 1y il JEAV I8
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Fig. 3 Schematic diagram of Mo,C preparation by high
temperature in situ reduction with isosorbitol-tar
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Fig4 XRD patterns of Co-Mo,C at different reduction time
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4. 6 h ¥ M Mo,C FIFJE Co ( JCPDS No.
15-0806 ), {HIEAERIEIEE 6 h B, BB T
CogMosC,, ULHIBRERT IR E K, /N 6 h HEH,
2.1.2 N, R M -BL I 5 H7
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PIZEHI S, SRk 1 R,
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Table 1 Effect of in situ reduction time on texture parameters
of Mo,C and Co-5Mo,C

A teFm A/ (mP/g)  fLA/(em’/g)  fLiE/Mmm
Mo,C-4 113 0.07 2.5
Co-5Mo,C-2 113 0.16 5.7
Co-5Mo,C-4 134 0.17 5.1
Co-5Mo,C-6 129 0.16 4.9

2 1 A UL, 850 °C AV i Ji s [ % A= BipA Ak
MZESHCE R, Hf Co-5Mo,C-4 Y LLZR I
B K, N 134 m¥/g, 1fi Mo,C-4 By LR AL A
113 m%*/g, Co-5Mo,C-2 Fl Co-5Mo,C-6 FJ H 2 i FH
WHHET Co-5Mo0,C-4, Co-5Mo,C-4 BIFLAWME T
HAbAEALF], & 0.17 ecm/g, fLi2K 5.1 nm, KT
Mo,C-4 (2.5nm) . Co-5Mo0,C-6 (4.9 nm ) HIFLER M
/NF Co-5Mo,C-2 (5.7nm)
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& 5 g Rl AE S e SEM &, & 5a A i,
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RZERY s R Sc. d AIUL, SRR R ]S
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A7 38 DR ] B4 AN [) 2 A R
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Fig. 5 SEM images of Mo,C and Co-5Mo,C
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Co2psn~_ 5 WAL PERERAT . 5350, TE 850 °CF IR AL
oz B2 Cozp [ o b AP REA B, Y ERIA T 4 b B, ]
0 2pin —~
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ZEEREleV
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a—XPS 47 ; b—Mo 3d; ¢—Co 2p; d—C ls
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Fig. 6 XPS spectra of Mo,C and Co-5Mo,C-4

H &l 6¢ TJ AT, Co 2p 1 22X H Co 2pspn( 781.1
eV) Hl Co2py, (797.2eV) BN , MiZh& i
h 788.5 F1 803.5 eV By E T A ALY . Hi &l 6d 7]
B, fLT 284.0 1 284.8 eV AbHYERAFIESY BV JE T
Mo—C 5 C—C/C=C. i T 286.0 fil 289.8 eV &b
FRAEIE S )09 8 F C—O Al C=0, LA L RAFIER,
I T Co-Mo,C L&,
2.2 Mo,C #1 Co-Mo,C &4k O, &4 DMSS AR

DMDHT 1822
221 ABALEAE e AR

Co-Mo Hrlal Ak, 7 i 5 i 0K i Tl ad A& o
CAFRIZ N A, 7RI E 05 A4k 7 1t 2R 30 s [
AR FHES25) ) Mo,C Fl Co-Mo,C fiEfk 0, &k
DMSS B4 5 T3 2,

# 2 MoyC. Co-Mo,C fft O, A it DMSS P AE 4K
Table 2 Results of catalytic oxidation of DMSS with O,
over Mo,C and Co-Mo,C

f#1k7%  DMDHT Jfift/g DMDHT 4l /% DMDHT Y%/%

Mo,C-4 18.12 97.67 78.24
Co-5Mo,C-2 19.02 99.93 84.03
Co-5Mo,C-4 19.96 99.98 88.22
Co0-5M0,C-6 19.42 99.86 85.73
Co-3Mo,C-4 18.44 99.88 81.42
Co-4Mo,C-4 18.96 99.87 83.71
Co0-6Mo,C-4 19.36 99.91 85.51

T RSN 23.55 g DMSS, 150 mL Z F& . 2.00 g ik
7. 1.00 MPa O,, 110 °CJZIY 4 h,

B ML M RE B AT - Co-5Mo,C A fb M RE I W 4
Mo,C, BT Mo,C H1#87% Co Jrfit i T LIk,
FEAE D RIHEAAE T o X AR AR T AT BB IR B Co
o EAL Oy, J* ARG MESASEHE T Mo, C Rl A
M, Had B 7,

OH 0
0 H H o G
/ \ / S OCH,
\ MOzc H;C(I)
CoC OH
DMDHT
\ (0] o)
0, (§/
0, OCH,
c
H,CO
CoC H20 MOZC 3 0
DMSS

K17  Co-Mo,C HrlFlfif DMSS AL s & K
Fig. 7 Schematic diagram of catalytic dehydrogenation of
DMSS

H Co-5Mo,C-4 #fkiil %1 DMDHT J& s A
176~177 °C, H FTIR J&& L&l 8.

4000 3500 3000 2500 2000 1500 1000
FE/cm™

K18 DMDHT Y FTIR i/
Fig. 8 FTIR spectrum of DMDHT

M 8 UL, 848 cm ' Ak Ry FR H AR B AL
C=C—H (i 7N il I S el 5 893 em ' Ak Ay Py
BURAESA b C—H /M f PR s 4 s 1199 em™
Ab R PR RS b C—H TE PN A5 ] 3R 3l
1442 em ™ 4b >l C—O HEA L5 IR S 5 1497 em™!
Qb S 2 IR B SRR SO0 5 1685 em ! b C=0 4
(AR 45 % S UG 5 3254 om™! &b I T8 U6 R 45 4 s ik
PRBHML I 5 3400 em ' Ab BRHIT A B 0 R AR 4 A e 3
I B Wi

DMDHT ) '"HNMR % & WL 9,
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Fig. 9 'HNMR spectrum of DMDHT

& 9 Al A, . 10.09 (s, 2H, OH), 7.48 (s, 2H,
ArH), 3.97 (s, 6H, CH;), #5535 3CHk[26]4E —2 .

Co-5Mo,C-4 {1k il % () DMDHT 4 HPLC 43 #r
gESRLANE 10 frR, Hih 17 DMSS A B isfla]
2" DMDHT 91488 st a] o SR A s 1 AR — e vk it
Trei A, By T3 3.

350}
300}
2.

250}
%200
=3
P15

100}

50t 1#
L
0 L
=0 2 4 6 8 10
7 BB s} 8] /min
[ 10 DMDHT f# HPLC &
Fig. 10 HPLC profile of DMDHT
%3 DMDHT i HPLC 43-Hr4s 5
Table 3 HPLC data of DMDHT
I PEEA A /min WAL/ ( min-mV) 4%

1# 3.060 3329 0.017
24 4.012 19776372 99.983

222 REFEMHEHR

i 72 2.00 g Co-5Mo,C-4 ., 23.55 ¢ DMSS, 150 mL
R, A EET IONREE . Oy R J7 . S s )X
DMDHT 4l B flCR g, 45015 F3% 4, K 4
ATLVE Y, 7E Co-5Mo,C-4 EALVEFT , [N EE
O, 7. J I Bsf 8] 4 PR 22 R X DMDHT £%) 4 B2 il
AR, H, ROV IR, BARRTE
P 1, 2) fRBIEHER . HARI%, 1™
mnCRAG KE P RIRE (JF% 4. 5) AN
JEAEAL, AR ERIEE Y, i8Sk BUER K AR, (R
NOEPETE R R, BT MAERACRES N . O, JK

J1 b B AR R O, BIHREE, BAKW O,
FEJ1 (JF% 6. 7) fli i # R A% . WORIL; Bimm
O, K71 (JF%5 8. 9) i N, Wy 5] kit i
AACRN . VETEE (P9 10), R, S
FOPCRAL; #m BiEE (P51, 12), e
AR 28 BRI, 3 E RN AR AE 110 °C
1.00 MPa O, R 4 h, A[75FER A 88.22%.
HPLC 4l & 99.98% DMDHT .,

F 4 N SR DMDHT 40 B RT3 1 52 1

Table 4 Reaction conditions on purity and yield of
DMDHT
SN SR A A DMDHT  DMDHT
F5  0°C O Ef/MPa oh ZEEE% HOR/%
1 80 1.00 4 97.31 68.52
2 95 1.00 4 99.75 76.83
3 110 1.00 4 99.98 88.22
4 125 1.00 4 98.64 83.24
5 140 1.00 4 96.38 74.33
6 110 0.70 4 98.45 84.91
7 110 0.85 4 99.98 86.72
8 110 1.15 4 99.84 88.24
9 110 1.30 4 98.25 87.85
10 110 1.00 3 97.96 81.68
11 110 1.00 5 99.63 88.22
12 110 1.00 6 99.91 87.41

223 4EALF] Co-5Mo,C-4 #9 & H 4 A R

(6] A e T R0 406 B0 A e A L 5 LA oy i
SR SCEE . [815E 23.55 g DMSS. 150 mL Z /&, 2.00
g Co-5Mo,C-4 7£ 1.00 MPa O,. 110 °CF ) 4 h,
Co-5Mo0,C-4 JEF UK i DMDHT (/I 5 F 4l
JERSZ AN & 11 s .

4l B FICR /%

0o 1 2 3

4 5 6 7 8 9
TS UEK

Bl 11 Ak Co-5Mo,C-4 YT & fli AR
Fig. 11 Reuse effect of Co-5Mo,C-4

M 11 A1, Co-5Mo,C-4 EHMEF 6 G,
DMDHT HJWCHREAL TR 1.7%; fE3flH 9 &k,
DMDHT R T T 7.3%., W] Co-5Mo,C-4
febEReRaE, EEMHICRL.
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