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Abstract

Lignin is the only resource of large-scale renewable aromatic compounds, which are inedible,
widely available, and inexpensive. Directional catalytic oxidation and depolymerization of lignin
can provide various aromatic compounds such as aromatic aldehydes, acids and esters. The cata-
lyst plays a key role in directional catalytic depolymerization of lignin. Rare earth oxides exhibit
unique properties in catalytic oxidation reactions, but the performance of nano-rare earth oxides
in heterogeneous catalytic depolymerization of lignin has rarely been reported. In this paper, na-
nometer europium oxide (Eu;03) catalyst was prepared by the hydrothermal method. Firstly, the lig-
nin model molecule 2-(2, 6-dimethoxyphenyl)-1-phenylethanol (dp-ol) was catalyzed by nano-Eu;0s3;
the optimum catalytic conditions (1MPa oxygen, 50% methanol aqueous solution, 4 hours) and
the highest conversion (72.24%) were obtained. The main products detected by GC-MS were ben-
zoic acid, methyl benzoate and acetophenone, which proved that the 8-0-4 bond and C.-Cg bond in
lignin model molecule were broken. Secondly, the catalyst was applied in the catalytic oxidative
depolymerization of real lignin; the main products were dimethyl succinate, dimethyl
2-methoxysuccinate, tetramethyl homophenyltetracarate. In this paper, nano-Eu;03 particulate
catalyst exhibited excellent catalytic performance, and this catalyst is easy to prepare for a low
price. Therefore, nano-Eu;0; particle catalyst has good research value and application prospect.
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HREEE MIRIE . A SCRAKBGER & T PR BB E LA (Eu0:) LT, BT RFREEE S5 F2-(2,6-
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1. 5|8

B NIRRT R0 H A G, I Al SEAN o] B AR SR B FFRAT F & 3, R A Bl i R 530S
LA 2= N H ™ H . DLAEY) SRR T AR B U A 8 B AR A A BE R = BE AR, R R AR Tk
VS 25 it 2R 7= B A s N A D D5 G e AR B TV

RIFAGERPHARELERATTR . FHERMPA4ER, RUER BEMER R, 2m) 2R BAEY
JREEJE, AEREMEATEL 1.7 x 10" o Hop, KRFRERIORTA4ERNE K AYREY, B2
Bk KM A S A YINRIE, 20 53R FAEY S TR 20%0A 1],

KRIFE R —MEME IR EREY, — BN u=2 =g i s od i Jo s S0 iy = 4ERPIR &
S FOLE 1) KRS LEM ez i@ C-C Al C-O BfiER:, bR E 8 0-0-4. p-O-4. B-5-
4-0-5. 5-5. B-B- B-1 ZEE[2]. IHEEME L, HEIARRREFE FERBO— M. R E M
FRIEII TR A S KR Bafd . TRAR. SMPSE[2]. JLrh, SALMRIDIRES L il it . R, Wit
LEEH, BEIEMINERL ST Z BB CEHRIE AT 3 BRI AR [3]. SR PR (4],
BEAK[S] A CR[6] IRERER[7] [815. AWM, FdRBAHMEAFAMEREICRFEIRFRIH, 2 HHE7
PR TE H i 2 BB . BT Lo R B MR B B BT R, AR AR SO e I AR R ) #2 1
IR JI[9] [10], IEAERAEA T R MM AT SR 23] 7 EAL. Deng [1115E AR, Pd/CeO, AL
F AR5 2RI Jot 2R A5 A0 S W ) S8 A S S B L& 1, B 2 (2- RS- 1- 2R LR E 458 K. 0.1
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MPa % & M 24 h, PRy 2K Z AR R F S B 72 2 03 000 48%. 38% 1 14%. Qiaozhi Ma [12]%%
MAE R BOE D IH 4% T Ce/CNT AL, 7E 260°C, 1 h, Ce/CNT AL T, A5 = HIBAL = F N 86.1%.
MG T R AG I JE T B s AT M, A BRRHICR AT PR HFFTE 82.0%LA L.

H3;CO i OCHj3 i OCH3
OH OH OH

RTEE RS 2 Xt A A

MeO
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Figure 1. The basic structure units and the connection of lignin
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FALEETE N L& B8 Y, BAM LB BA KB FROE R, B T ot b,
A7 T R TE AR X D o SR ANHRIE T Eu,03 5 PSS &, i 1 PYC AR B I S AL I AL RE J1(13]
Seongwoo Kim B 57 & FIAH S 1 LA Eu® /Eu® EUAL IR JR BEAT RN, 1] 2.2,6,6-PU F EEIRIE 4L ¥ (TEMPO)
AT AT DU A AR G IR A BE JT[14] 0 AR SCE I S50 R I /K FAGE il 4615 B 9K A BR ORL, TR i
B 7 IR EAG R SR B A RIF A iE T, MRHE 5050 45 AR 7 RBNHLIE, JENH T 80K
R WA A R S o FHOG 92 H TR WARGE -

2. SCIGERSY
2.1. LRSS

L% (commercial Europium oxide, 455 N cEO). K& 2,6- FHEILIEM T _EbERTH: T A4 B}
HIRMARAF: RAOKCHE T RETE PR THRAR, L8 OERWT Bl ek R HA
FRAR; @iy, Sbs. AN, BRI IRIEIR v & o al; 281K, Bffil.
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2.2, EHFIEISIZ

B 1.76 g Eu,O5 IIAF 2.6 mlIREHER T, BEAHEIURTRE, A s — s S # N 100 ml & 2 €
2, 43 0.1 molV/L MIAHBREAVA M. HHL 20 ml EEREEIAVR, I 180 ml £E 17K, H# 0.8 mol/L [HJJRE
TR I BB R BRI, RS RVA R T pH = 5, RJE B TR 85°C M 1 h, RN EEHR
JEUKAKIE 0.5 h, SEgty, K, TR, FLL5C/min FIEETHE S 750°CHHRFF 3 h, BRI ML
¥4 TEM FRALAPIKFURLIR (nano Europium oxide, 45 N nEO).

23. KRFRHERERB S FHHIE

CPEAR R F I 462 WSCHR[15] [16], AR FEBAL 7 1612 WOCHR[17]. AR EBEE > T 2-2,
6- — HIE LA A KL -1- 2 2 W (dp-one), 2-(2, 6-— LR EIL)-1-4 2 (dp-ol).

2.4. fEALFIRAE

MBI XS ER AT 5 i i 45 [ (1 45 & 5% advanced D8 WA, 5REHEN Cu, S HE N 40KV, &
HLJ N 40 mA, FHTEEN 20°~80°, DK 0.01 B, AR A 0.1 F0. FEM A0S S g A B HAH
SEA A PR H-600 125 57 B T 50 .

2.5, ENFIERARRRER ST

HL0.1 g dp-ol. 25 ml HIEEFN 0.01 g fEALF], JRANmERPMZEY, HARERZATAI R, REr
A 1 MPa &S, Wi 300 v/min, JCIEREE, 78 210°C F M 3 he SZIGLEWR, AE, WRATH L
TRFLIE I 38 J5 15 FE 4 HPLC. GC-MS 34T E & & M.

2.6. EMEEEDT

KA 248 7890B-5977B AUMH (3l - Jo 1 K H A (GC-MS) % 7= W) k47 5€ £ 43 . GC-MS it %
DB-5HT FEAR P B FE(30 m x 0.250 mm x 0.10 pm), ZSAMENES, #HFEEHN 1L, Ao, &Gk
FEH 60°C, 10°C/min FHEZ 340°C, EAIZEEN 3 min. HE RN EL, BN 70 eV, B FEKA R
WEEN 230°C, FiEH#TEE Y 40~1000 amu.
K B LC-20AD 75 ROBARKS I, A #1045 553 C18 (i, 4.6 x 250 mm 5.0 um, V (FEE): V(IK)
=73 fENBIAE, AR 40°C, WK 0.5 ml/min, A (E] 20 min, AWK 254 nm. MR WL 1) AT
Re, FHALM R AERRRE, DIZKHER, KMy, RHERHER, KB AWNAR, @B Gn IRk a7 e
B AR ST (A 2R P B AR 1 T ST VA R TR
%%zzﬁm%m@mﬁ—&gﬁﬂ%m@mi

SR BRI
e B AE R R R A o
= 0 @

\ A E BRI L B R B
TN = 100% 3
IR PR ®

x100% (1)

3. ZBRE5 0
3.1. SHHEREETIRRAE
I B IR AL AT XRD R AE, S 2.
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Figure 2. XRD patterns of nano europium oxide and commercial europium
oxide

& 2. HKREHHEOEO)FTHTESHEH(CEO)H XRD EliE

A 2 TR, gk BRI AT % 3 BLAE 20 =20.0°, 28.4°. 32.9°, 47.3°, 56.0°. 69.1°\ 76.3°.
78.6°y 87.9°4k, J3FHIXFN(211). (222). (400). (440). (622)f1H, HhruEF JCPDS, NO.34-0392 —%,
NALTT A AR B e, KRG T AR A . AEIRTDUE T8 S A i 5 2R 48,
FUETEE /N, RPEFHEU IR, B MPOREEALE AN 2, FIER G, AR T Mk
AR

X FIR AT S BB RAE, 25 Rl 3 R

Figure 3. TEM patterns of nano europium oxide

3. AREALH TEM El((2) PREUHREER; O0) HWREUMHESEER)

HE 3 WA, AKFAE BOE S 45 B AR BRI 5, RIARAE 20 nm~30 nm. 4] 3(b) AP K AL
FIEr 7 P55 TEM K, Sk& S 8UEMT, S IR EE N 0.40 nm, XN T Eu,O5 BI(662)f4 1 . Xt 55 2 i) XRD

P H EIE
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3.2. FHBEUEUARRRERSF

DA Z A 537 dp-ol AJKA), WAL MMEALT, 76 25 ml FEE, 1 Mpa (WEUE T, 210C, &
Ji3 he HiE GC-MS E T, AR EEA dp-one, KLHH, 2,6- —HHEIN K, KPR,
KR RSSO i (bR B2, IR rE ) o AT e BT, AR IEE 1 TR

Table 1. Catalytic oxidation of dp-ol by europium oxide
1. SN dpol®

dp-ol #4L, dp-one 2K H R F i 2K R 2K 2,6~ H SR T 2K
& W et s bk S & WP e EERrE ek R
Blank 11.36 1.3 11.44 4.17 18.35 1.19 4.58 <1 <1 221 7.30
cEO 28.87 52 18.01 4.19 7.26 15.76 23.88 <1 <1 2.93 3.80
nEO 53.69 32 5.96 16.87 15.71 19.87 16.19 5.30 4.94 4.72 3.20

R BiG&AT: dp-ol, 0.1gs fEALF], 0.01g; HEE, 25ml; O, 1MPa; 210C; 3 he

M 1B VAT, FE25 F AT PRI RN 11.36%, R REBA 5 F4ifae, (UE
INPEEAT T HECLR AR R B 565 2 ATEHRERY], TS AR BT R AL o 1 I A 3R 3 o s 5k
BH 2.5 £i514(28.87%), UFHATT &AL R A — 2 AT 58 3 47800 oR gk S S s el 7
W3R T, AL ZATIE 53.69% .

R GC-MS FE L Hr & R A HPLC E B4R, FIANGK A A EAL dp-ol 12453l 2
dp-one. KHR. KHMHEL. K LHIAN 2,6- = F AR RN . ARYE™ )73 A0 e s AT AR 9] [11],
M YK E A B AL AL dp-pl HIRZE NI 4 TR

OH OMe (0] OMe
(0] o)
—_—
MeO MeO
0 o} o} 0
MeO. i _OMe
+ +
o
Figure 4. The mechanism scheme of the catalytic oxidation of dp-ol carried by eu-

ropium oxide

Bl 4. SLHELEN dp-ol FFHIEEE

TEMEAFIER T, AL T Ca-OH #H: AN Co=0 %, B dp-ol #44k°K dp-one. R4 TRk,
It FE e B-O-4 BRI BT AE M 69.5 [ 60.6 keal'mol ' [18], MIMi{# p-O-4 #EEFINELL, 5 TWE. 7
ST IR PR, R T Co-Cp BRI L. 2% HRR 4k 2 5 W VA 7] S A 2124 HR R FH IR o
N — AR A AR X SROSEIRISEIR, SRe FH I A8 SR 6 0 A SR ARk AT T AL
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3.3. fEHFERHRRK

AR R R FEGWEE . B BAERIUANE R, SOk R R =K FIEARR SR, £k
Bt inz 2 Fios.

Table 2. The molecular orthogonal test table of the nano europium oxide catalytic dp-ol

2. MARENHEEL dp-ol EXRIRIEFRK

—

K \x\“\x\x\x% BECC) J£ 1(MPa) I [ (h) VoV« (mlyml)
1 ) 200 0.5 2 100:0
2 210 1 3 70:30
3 220 1.5 4 50:50

LA dp-ol AL A TabR, XF IEASSKIG A RAEAT 700, &5 R 3 Pos.

Table 3. The result of orthogonal test
7= 3. FLEEEL dp-ol EXRIRIGFE

T~ ESES

KT —~ V ¢5:V x(ml:ml) JE 71(MPa) HEIE(C) i 8] (h) AR (%)
A 1 50:50 0.5 200 2 25.32
A 2 50:50 1 210 3 63.86
SIS 3 50:50 1.5 220 4 72.24
SEI 4 70:30 1 200 4 31.63
A S 70:30 1.5 210 2 54.55
SIS 6 70:30 0.5 220 3 65.47
SEES 7 100:0 1.5 200 3 35.72
SEH 8 100:0 0.5 210 4 64.56
SR 9 100:0 1 220 2 69.33
BIE 1 53.80 51.78 30.87 49.73
BIME 2 50.54 54.93 60.99 55.01
¥IME 3 56.53 54.16 69.01 56.13

W% 5.99 3.153 38.146 6.41

X 3 S RFAT 0, AT LR S

1) BEMANTES, SRS &N RE 220°C. JE/7 1.5 MPa. ] 4 hy V ew:V x = 1:1, dp-ol
(A2 e KB R 72.24%

2) WZESHTRM, UEFE M BRI E N, e = AR R AR R, b N R [A)f
SN o & I FHAI 2 MK IR > IR > R J) > L.

D P v S DR RS St — DR R A o (B SZ PR T S B 25 B R SR BR (KI5, R g 4k 44
re B AT S5
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3.4. PREUHELEIARE

HIE BRI A I, UK AR AT B AR )1 (dp-o) A R EF AL AT, #c B IR R AR 56 2%
1, % 2B SRR AT A 5 2 HEAT EAL SR 06 - BT 457 . GC-MS SE LT, £ R &) 5 AN 4 Ffos.
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Figure 5. The GC-MS spectra of lignin catalytic oxidized by europium oxide
B 5. SHELEXRRESRIEE

I S P R AT R A, BB 4 PR

Table 4. The GC-MS result of lignin catalytic oxidized by europium oxide
4. BRIELHEBELCARREZS~Y

75 5 B I 1] (min) IVEL i
1 6.629 TR
2 7.041 FRET R Wl
3 7.968 2-FESET TR Wl
4 10.886 1,2,3-Fike =R M = H
5 15.269 K-1,2,3-=HR =N
6 16.334 AR H B
7 18.702 P2 U R DY H

M3 4 AIRL PUKREALER AL LR AR B LB YR IR IR T e, AT RE Y B R A WL R R
ha A KR PR, IR, R MRS s E M, M 7w AE TIPS, T#
JRARITIR G S e — 20 OSBRI o T 57 755 R IR P RE 2 AR ol 3 A SR A v R M AT R B )
T, SRR A T BRSNS E .

4. &5ig

ARSI S, AW GK AR AR AR AR 23 M LSRR 3 1 A R S B 2 B H A ) £
i tE, SRR TEAGIIE IR, 520 7 R R B fF . BER> TSR IR 4 SRR W], fE 220°C,
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1.5 MPa U 7T 50% VAR S 4 h, BERL T I ZRATIA 72.24%. FERGRLRIE T, X CBE
KRB RIATHAL, 537 JRRER PR AT FER P EL, IE YK B X T B SEAC R & A AL A S R R
BA RIEFIITERE . PUOREAEIE R —Fh 2 AR ), AT XA R 36 & FRR AL 4 7 B 8 i A S A R SR A
H, B THl&, BA#E— LT RmE.

EHEWH

2019 FHrR4ETE /R HIE XA ARV E 00 H S0 1 A5 iR A7 0 A SR AR AFE A 5 25 TR S 5 L
FERFFTY (O H g5 XJ2019G303)F1 (25 A7y il R 4 g-C3N4 K H AL ERE R 7E) (L H 2w
XJ2019G307) % #F.
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