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(57) Abstract: Disclosed is a method for preparing suc-
cinic acid diester, in which levulinic acid or levulinate
esters are used as raw materials, molecular oxygen is
used as oxygen source, and succinic acid diester is pro-
duced by catalytic selective oxidation and esterification
reaction. The levulinic acid or levulinate esters used as
raw materials in the method can be obtained from bio-
mass such as cellulose, starch, agricultural and forestry
residues or the like. The method is a new route for pre-
paring succinic acid diester that does not rely on fossil
resourse. As the reaction condition in the process is
moderate and has a high succinic acid diester selectiv-
ity, it has important application prospect.
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Hon, AL s N RS Ry, AR AR I e T EE R RN, AR A R,
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K3 (d) NS 2 s g e v GC-MS Bz —
B3 Ced st 2 S SR PPy My GC-MS Bz —
B3 () ySEitifil 2 S SO P i) GC-MS 22—
K3 (g NS 2 s SO - e v GC-MS Bz —
K3 (h) ySERER] 2 s B - e v GC-MS Bz —
B3 G SERER] 2 S RO - E vE GC-MS B2 —
B3 G ASERER] 2 s Lo - e vER GC-MS B2 —
K3 (ko NSl 2 s o e v GC-MS Bz —
B 4 DSt 3-12 JsUrh i) e Ak A BEIELEE R A2 Ak il 2

B 5 ] IR LERIIE R

B 6 D SERM] 13-22 ORI AL AL A0 T2 B2 P~ e b By B RIS 1) B9 50 2 i 4%
I T LS 51 IR A A B

HAR S 77 50

SEHEF] 1. %5 0.33 g ZBEARR RS, 5 mol% (X T ZEENR S NER AL I
£35mL MNZES, A 2 mL 41K, 8 NS E 1.0 MPa, AWH: T A2 100 °C,
FHORFF 10 he ARFAHBNIEE. W2 W RREERT, MA 20 mL L/KH
BEF 0.15 g IRORIR, INAEIR 6 h, W EIEIEE, Bk RE A2 25 mL K&,
BN 2 mL AR DY 2R G 2 2%, A GC-MS Flbrkas it i) A AH (3 £ B4 e ) 4 3=
et (GC-MS, Bl 2), REEBFHTEHAMHEEIES T (GC, Bl 1 (), WsE
VEAS B BRI AL AN =) T R MR B . FR R A S B BN R B &
T TR R T (R A 26 T 18 — R PR 42k o

HALZE [mol%]=(Ap-A)/Ag X 100%

M [mo1%]1=B/(Ao-A) X 100%
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10

15

20

25

30

35

40

WO 2014/008746 PCT/CN2012/087089

5

T LB IR R AL N 97.1%, T 8 — HIERAEFEE N 79.7%.

SRR 2: K5 0.29 g ZTEAER, 5 mol% X T ZBERIR) ZE4: (D mAF 35
mL JNVES, I 2 mL HEE, ASAE 0.5 MPa, AEidiidE S A2 90 C, FER
R 12 he SRGAHIBIE R . FAE R PR 2 [ CFOM, A 20 mL Jo/K B EEAT0.12
g WG, (Al 6 h, WENRIER, KGN MR 25 mL FAEM, M 2 mL R
DUH S5 e 2%, ARG HUREAS ] GC-MS FIFRAEY) TR € i {0 B IS Ta) o =
Yiett (GC-MS, Kl 3). fFHAMEOIESHT (GC, Bl 1 (b)) &8, WisEmEERL
JERL BN PRI AL R R4 T 1R — R IR R o 32 MRS f8 1 R K5V A =40,
R LEENRI LR N 93.3%, T R HER IR 76.9%.

S 3-12:

AN R Z BN R R BEAL 45 T IR —FRM 5 5, M AT UG HE
FEXT I PR BR R R S AL 2 R0 H AR =4 T — IR — B Btk s mg,  BAR T .

¥ 0.36 g LMENIR 48R, 3 mol% (X T ABENIRAER LM% (11D Az
35 mL RMNZEF, IIA 2 mL ZEREF, FTARSE 0.8 MPa, AWt N4EREE & 2
Wk 20 ‘C. 40 C. 60 ‘C. 80 ‘C. 100 ‘C. 120 ‘C. 140 ‘C. 160 C. 180 C.
200 °C, FFOREF 10 he ARG B =M H2H W 2RISR, MA 20 mL
TR CEER 0.15 ¢ —HALM ARE, B 6 h, AHIBEE. LIRS 1 o7
B rEY, 153 LB IR CEERIEALF A T R — LR B AUk E 2, A 4
FE 5 Biws

it F ERRNAET, VL 80 C-120 C, FUBHEN R, 7Y
IR BT WAL T 80 °C, JFURH A AL F G, W& T 120 °C, BN,
SEEY T R ERIE B TR

SEHf 13-22:

AN S R A) R R BR il 46 T R — R INI S M 45 3R, 5 82N ) S B I T8) T A
TR AL R = e B, BAR T

¥ 0.29 g ZBENTR, 10 mol% (AHXTF AWENIR) LBENEEE (1D JiAF] 35 mL
JMEEEH, A 2 mL 3k, K, BARS 1.2 MPa, Hitdk FFHEZE 100 C, JF
SR EE2hy 4hy 6h, 8h. 10h, 12h, 14h, 16h, 18 h. 20 ho ZR/GAINFNE I
W4 = BRI R, A 20 mL AR 0.10 g #E4HEZ,  hndAnli 4 h,
AHIBNEL . LIRS 1 T TIES AT, AR SRR B AL SR I R
5 R NE TR RES%EE 6.

it E LRV MR, [MESIAIY 8 h-12 h W], SOV EHEME T 8 h, 5k
IR AR AR, RV R4S, R TE W &, e Pt e i
KA, AL S RIS N T R BTH G, RS T ROV

SEHf 23-27:

AFEAET T HABNRE TEHI% T R 1E THRM RN 5 R, 255 W K
X} CEENTRIE T ERIC AR R =i ¥k, BARI T

¥ 0.43 ¢ ZBRINIRIE T E, 2.5 mol% (AHAT T ZBENIRIE T FE) =S4 & mA
P35 mL JRMEES, MA 2mL —HEWH, EAES 254 0.1 MPa, 0.5 MPa, 1.0
MPa. 1.5 MPa, 2.0 MPa, AWiiid: F A2 120 C, FREF 6 he SRR A2
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A BR R, A 20 mL IE T B 0.15 g #E490E, a8 h,
AR SIS 1 PR OTE AT e, R CBERR IE T B AL R 4
ToROETEREREMES L —.

Fe— AR ROV AR P i R P I R

sy | CHPRE PAREREYE [mol%]
STt MPa] TR R — —
[mol%] T _IET T IE T R Others
23 0.1 33.0 80.5 3.2 6.3
24 0.5 59.9 79.9 3.9 6.2
25 1.0 60.4 78.7 4.2 7.1
26 L.5 60.8 77.6 5.0 7.4
27 2.0 74.1 66.3 10.3 13.4
5 ik fE RV, EAEJYERFAE 0.5 MPa-1.5 MPa RIW], 4k )%

IR, URHEAL IS, AR ik Bt 22, o oW s sk e
SR 28-42: AR REL . THIREL . TRIRAL. CMREL (11D, ZER&E (1D,
SUAbEL. BALEL. AL, =S4 TAR. TIEAL SR BT, ABEANTEE (1D
CIENEE (D MRS . RNV AT 0.39 g LBENER EARE, 5 mol%
10 HALF X T ABFARRIENER, 2 mL 4/, 100 ‘C, 10 h, 0.6 MPa %8/, [N &EEH
Ji, BEALEA, IO 20 mL (EAEERD 0.15 g IRGRIR, [P 6 h, FIESHEm] 1 F ik
ST, 5B LR IR IE BRI AR T IR —IE N BRRE R R — .
T A FMEEALLEAR R SR 2 1T X e A 5 0 = A e R A1 11 5 il

LRPTRRIE P EEE [mol%)]
S5l AL FIFPSE ARG AL

[mol%] TZR_IENER | HR_IENER Others
28 R 83.7 80.5 9.2 8.3
29 is[l7g7 93.0 79.9 10.9 15.2
30 Tk 5 50.4 78.7 10.2 15.1
31 L% (1D 90.8 77.6 15.0 10.2
32 L% (11D 89.9 75.4 10.7 9.2
33 AL 44.1 66.3 10.3 13.4
34 A5 54.3 53.2 15.4 17.1
35 — A 55.5 76.3 10.0 11.2
36 —EAGE 95.6 40.1 13.2 33.7
37 = At 80.6 75.7 11.1 29.6
38 WE=RER= 73.8 66.2 14.2 27.7
39 PR 68.9 77.6 9.7 10.2
40 CEEEE (1D 88.7 76.9 10.2 16.2
41 BRI EE (1D 87.6 76.1 10.7 15.9
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42 PTG R 85.1 75.7 11.6 8.7
it & EIR RN, IRIERE GWEA ARSI, fEAEfLEE R
RRIOCEAEH R M EBA s, APIBREE L B R EH
S 43-49:
ML X CBEIN TR SRR = ik B e, BARW T
5 ¥ 0.36 ¢ LERNER ABEIIAR] 35 mL N, SRJG35IIA 0.5 mol%. 1.0
mol%. 2.0 mol%. 4.0 mol%. 10.0 mol%. 15.0 mol%-. £120.0 mol% (AXt+ ZEEA
M CRR) SN (11D M2 mL 488, A%/ 0.8 MPa, AErdi: T AHES 120
‘T, FEORFE 6 ho SRS BIEW . BT YR 2RI T, MAEE LKL
fi# F Nafion-NR50, JI#AFEI 6 h, “WHIBIEE . F&HESSHEG) 1 P aEa =9,
10 192 LB INIR LR IR AL A P P e Bk WAk =
K= AT B UL A0 2 00 s 1 1R R e

AL LERNRR L, FEIEREME [mol%]
S 451 (mol%] izt 2 g qp — —
[mol%] TR HIR — L BR Others
43 0.5 13.5 77.5 8.7 10.5
44 1.0 20.7 77.8 8.5 10.3
45 2.0 35.8 79.6 8.0 11.9
46 4.0 47.5 80.0 8.7 9.8
47 10.0 58.2 71.1 12.9 13.3
48 15.0 63.6 51.3 20.6 23.0
49 20.0 70.3 40.1 233 26.9

it £ BRI, BRI, FURHEAL 38 m, (22 4
FI T 15.0 mol%It, T e —EEAIZEFEE I B R %
SEEE] 50: ¥4 3.3 g ZBEAR RS, 5 mol% (X T ZEENR S BRER A I
15 F 150 mL MNEEH, IO 20 mL LRI, AT 1.5 MPa, $iidE F A2 90 C,
FOREF 10 he RSGAENEIER . K25 W R ESFM T, A 200 mL oK H
BZF10.15 g Nafion 70, JFRIFIR 6 h, YA #2530 R Z8 RS 20 T R — W5 2.67 g.
S 51: ¥ 29.0 g ZFERER, 5 mol% (XS T ZEk A ER) ¥ B in A2 1000
mL NMEP, MA 200 mL LK, AFS 1.0 MPa, $HiidE T A S 100 'C, FR
20 F¥6 ho IEAIBEN . KW B R REIRT, A 500 mL Jo/K FEEH
0.50 HY, BN 6 h, AHIBEE . WEAMWMER T R HKE 259 g.
DL b , AN Ay A 5 B A ) R St 081 (L2 A R BH R OR3P Y AN R T 1t
AN R 25 STt 081 149 56 i 0P R AR A B s B AT A PR, AT i) R AR R B Ss  HR
N BAEA R B HRGE BTGB N, w55 AT AR o 4, B N o5 76 A R B IR {4
25 YUz . BRIk, AR BRI B AR+ LSz, Bz DOBCR) SR AR
[ A HE .
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4. FEREBURESR 3 Brid i vk, HARIEE T AR 28 ABINIRE £
T TR R TR 1) 2.0-10.0 mol%.

5. JRMBCRESK 1 BTk ik, HUSMEAE T MR BRI AR VBT R,
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FE RNV R 80-120 C.

7. FERWOBCRIE SR 1 Pralk v ik, HORREAE

RNARRFTERIN LR LG LRTER. LIRS LREF. —HF I,
T NON-HEHIEE G . 1,4- 25055, K. H2E 1E O e i — ik
ZFhs B 1-8 MR FHIEE D I — B Bl WS JRURE T DA IR B £ Tt TR I R P B8
IR 5-100,

8. JZHUBCRIEEK | Frk i 75k, HRREAE T

AR P 45 AR 1) SR I N Ik R AN R A AR AR, I EEAE A BT R
Be, AR TR B TS IR EE R EE A 50-500,

9. FRHOBCRIEESK 8 Pralk it ik, HRREAE T
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mol%, Fafk e NI [a] 4 4-10 he
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