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Abstract

Lignin is the only large-scale renewable aromatic compound resource. Aromatic aldehyde com-
pounds can be prepared to form the lignin via the directional catalytic oxidation and depolymeri-
zation, which were utilized as the important platform molecules and fine chemicals. Through this
way, a good solution was provided for the replacement of non-renewable resources, such as coal
for oil. Phosphotungstic acid is a kind of heteropolyacid with both oxidation and acidity. The cata-
lytic oxidation of lignin in organic solvents carried by phosphotungstic acid has not been reported
in detail. In this paper, the catalytic oxidation properties of phosphotungstic acid on lignin model
were discussed by orthogonal experiment design, and the catalytic mechanism was discussed. The
results show that the optimal conditions are: methanol:water (mL:mL) = 50:50, reaction temper-
ature 100°C, oxygen pressure 1.5 MPa, the reaction time 3 hours, the conversion rate 91.3%. The
C-0 and C-C bonds in the model molecules are both cleaved. The optimal conditions are applied to
the catalytic oxidation reaction of real lignin, and the main products are phenolic and aromatic
aldehydes, and the product distribution is concentrated. The results of this paper show that
phosphotungstic acid has good catalytic activity and selectivity in the process of lignin conversion
and refined process, and also has good studying and using values.
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RFEERME—AT KR BERN S ELEDEE, MAREFTERELEIER, TUHSEREFR
LAY, HTEER TS0 FRRIMLES, BENAMERSERATHEERENEARRERBREFR.
BESER F R 2 EAL AR Y, HAEAHLIEH P S AR B KA S AL B8 E AT IER WA EiRE . A3C
B ER LTSS, e TSR AR ZELS F A TR, BT HERNE. &3
RP\BMAENFEE: AK(mL:mL) = 50:50, KFEE100C, ESES1.5 MPa, KR [AI3/ME, #
HERIEF| T 91.3%. EESFHHC-OBNC-CEBYP MM . EixFMFT, BiZBURRAHFESEA
BREAEUEMRET, BRNEEF=YANBMRNFTEEZR, AU BN E+ . 2 3CET LR RA,
BRESER NI AR R AL SR B RIGHIE AR B, ERRENELSHEFERES ES RGN
FAFIHME.
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AR ER A 5 SRR 0 A 7 RS A BROR S A BEUR . T A RS S AN (R s Tk
K AEEAWIRAD, IG5 R R H 2™ 58, AT T F R R IR AR, LY
RERS BRI AL AT RRL 1]

AW RENS R AR E ROIRBUR B NURR,  FIAE N EURH A P RS AL 22, AN AR B B R
[2]. ARFEHEREVFURHER b B £ 5 AR, R A, BRARKARE 3]

A EEEH AR FAHERNARB R4 Hrd, ARBERE B AT B ME— ] {4 197 &1L
SV, Hr BB K. BRI, ETHAARB RS REL N 1500 14ME[5]. RRFELGEA Tk R
PERJFER 7000 . T RBURII Y TRER, SRS, H AT RH D MR R R A B
R RA . SELATW B, X 2% AR A RGREME T, B 95% AT 2R UL “ B 1)
TEABHE,  BEURIR S FIFR 8T G ] ™ 6]

ARBTER A — M 7 AR R G TR R R = TS, L RS R i 1 s . xR
JREHATREAE R R R G, TSR O3 B e 8, BRI 7T (R FE oA T IEER I — A 7]

ARFURIE MR R E LB S Al . Bss. b, AR BURIITELL O,
VEREALT), AMEF & 5T Hy, HEEHE Iy rb e st . FBRIEGw R, B0 5Tt ™ Mt nfE, R
B TIRARIBETT[8].

DOI: 10.12677/jocr.2018.61003 20 H WA


https://doi.org/10.12677/jocr.2018.61003
http://creativecommons.org/licenses/by/4.0/

P

OMe

Dibenzodioxocin > E

SE AL E R BATR RSB 2T, HACAIRENEHERE. SREMYw. B, . Al
EAFISE9]. Hr, J ZER(HPAS) MG A A IR A A A, B AL, BB, SiFies
R FasE VRIS 1 1T 52 B EAL[10]

A M ARIE S, A HPAs 467 3 2 2 Nas[PMoyV2040] [11]+ Hs[PV2Mo030040] [12] -
Nas2)[SiVi1(0.1)MOWig0.1)Ou0] [13155, X L&A 4071 3 2 FH T 40K 1 L &R A R, AR R AR Ak A
CO, fll H,0. {H7Z Voitl [14]7 2010 4E 15 IHRIE 1 HaPM01,Ogo IS AT, FIREA BT S RRR £h HE AL AL
NEFEE, MAFIEREIER 6 EMHKARRFFE & EME. 2013 4, Yan Zhao [15]£Ml§%ﬁ?ﬁﬂ%
HsPMo1oV O AL AR R A R, KIMEZ VRS ENENIE SR _HEE, R E ™%
A% 65.21%.

ITAESR, BRESRRTEAEYI R MM B A 78R . 2013 4, Fan, G.IRFIT R SRS FRVE i ft
I, TTLUK AR L 4 R A AT 42K O BE[16]. 2016 4F, Guan, Q.25 NiRid T iSRRI Pd/Ce-AlO,
AL TR T B 1 1k B M N S S B A R HEE[17] . Victor 28 N RIBIFFE 2 B B4 R 22 Tl Bh () 4%
£, 100°C FXH 5 7 B RER 4P 4E R i Ui 58, B EIHE I P 215 5] 11.2 wt% [18]. 325 NI 1A
7 P2 4 %o ) 2 0 R s R R R G I s, R IAE A R AR AL AR FH T, A I e s S R v A 7
VIR ERES, B FE2E. ERIS. M. BESRS. BRRSE, WA & B REE A A E[19].
U], Demesa %5 AJUHRIE T HaPWio040 A1 HsPM01,Ouo 1E AMEALT, XA R R HHTIEE G, 28T
HIR. OB T ZIREEE™Y)20].
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HRIFIPERE, TR LS T re oA B vee e o SR, I A DA TR A3 R (AL L AR
PO S5 2 1) 2% 75 A B PR VRGO o ARG SEIER], DL HaPWq,Ou0 NELLF, 7EHREEEFIF, Ll O,
NEACH], TEAXHRFIR AT, T AR s A AR TR R AR B 5 RS A . H AR WA SCikiRkiE Lk
PN R
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Figure 1. The basic structure units and the connection of lignin
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2.2. XWHE
AT 3R S FARY 53 F 2-(2,6- — AR RS ) - 1- 2R 6k 2 (1175 2 dp-oll) AT 8 R AIE 7 v 2 WL SCHiR[21]

2.2.1. SRS

SR (R S6 T i : HERRFREX 0.1370 g ¥ dp-ol A1 0.1440 g FIBESER T 100 mL R VUGS, I
25 mL HEE, FEMT, M 0.5 MPa EAIMATHEZ 70°C (Jo/x%% 500 r/m), FEERFEMENR 1 h,
TR VA BN A SR, B SON JE VREE R 2 25 mL B OV R, FH B IRVE S 284 1.5 mL B AR
28 0.45 pm A PELIEYE S, VEAN 2 mL @B RS R, WIRARAE, IR SR

222 WFEE

SR SUBTIR HH IR 79200 AR I 3R R R A S A0 P Pk AT 7 1 1€ 23 #T - GC-MIS JiC % DB-5HT M1 E 4
EHE(E0m x 0.250 mm x 0.10 um), RSMERNES, HFEEN Lul, AW, REGEEN 60°C, 10°C/min
TFHEZE 340°C, ¥AFIZEIRSY 3 min. HE 7N ElL, HEREN 70 eV, BT RAZRE N 230C, FHiE
47 Bl v 40~1000 amu.

SR e OR8] A 5T 2 AR R 43 (R R AL AL P B A . Sl i SO SR D A A B A JS
()3 B, I R O i o 1) 3 B R B S e T AR bR o e AN S B A TR ARL, T
S NG R TR I 2HL 73 R T o v RIGHURH (i 4 FH B C18 il 4d, 4.6 x 250 mm, 5.0 um. JialAH
NFEE: KB TK =7:3(V:V), {REEAR 40°C, KSR 10 min, KKy 254 nm.

223, BIEHHEGZ®
dp-ol/dp-one (AL AR FAIBCR TS AR PR T A R st a = 2.1, 2.2,

2.3 iR
Eﬂ%%%:%um% @.1)
0
F%W$:%um% 2.2)
0
P = 0 x100% 2.3)
N

A, n BRI R & n, Fon FRLEIGR PR R 0y ZoRm= 0 YR E: Yo
FORE PRI I R A
3. &ER5vHe
RIA R R e 45 M 2 A = 4ERPIRE 20 7, AL AL I P20 A ARLER S N B 2%, X DL ELRERE Fe AL
RN PR, T ELEA AR BT TSR, S RIDCEERIME R . D PUERERG A SR 2 N R R R
MR A, AR T A S iR AT T S R A 4 R .
3.1 BisSEREAEUHERSF
3.11. EERXEEFITEER
FRAE SCHR AN PR S, SRR SL 06 1 B T AT RUKE, #E47 L(9),° IERS ¥eit, 45 —in 1 s,
P8 ER AT AT IE RS 528, DLEEAL RN H bR, B34 R4 2 Fis.
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Table 1. The head of orthogonal test

1 WBERELIE RS ARSK

AF T~ WA (mL:mL) SRR E(C) EAUESI(MPa) SR A (h)
1 60 05 1
2 70 1 2
3 80 15 3
Table 2. The result of orthogonal test
< 2. BASEAMELIERT SN
EH& B sK(mL:mL) BE(C) ESES(MPa) wiE (h) AL EE (%)
%1 50:50 60 0.5 1 60.7
SEHG 2 50:50 70 1 2 63.1
4G 3 50:50 80 15 3 67.2
S 4 70:30 60 1 3 12.5
A5 70:30 70 15 1 52.7
G 6 70:30 80 0.5 2 59.0
S 7 90:10 60 15 2 18.1
4 8 90:10 70 0.5 3 36.9
A 9 90:10 80 1 1 40.7
¥ 1 63.7 30.4 52.2 51.4
¥IfH 2 41.4 50.9 38.8 46.7
¥IfE 3 31.9 55.6 46.0 38.9
W= 31.8 25.2 13.4 125

MW 2, ISR
1) #ATEMR MR, IEAZSER A,

1.5 MPa. JREFTEA 3 h, Xf N i s i A %N 67.2%.
2) MRABRZE S ATEE A, AN D R AL I s MK IR g WERIEE > RBLREE > AR >
SRS [a], G A 790 LG A S M e R R, SRR R s R B T (R s I AR /N o RSB S5 SRR B,
S P A R R IR LA, RS ZR AR A A (R ANV 1K), AT RS A3EAT
MR DL EArdr, X SEES S AR dAT AL . B SR EDEIE AL, AN E R PR, SRR A R, Y
N SRR R 100°C )R, FALRBE T afE. Bk, BREMRAMNHEE: K(mL:mL) = 50:50, &
i B2 100°C, KT 1.5 MPa,  JSIIFA] 3 /Nef, AL ERIAF] T 91.3%.

312 EWLERSHH

B S VA L . /K (50:50) S SiTRJE 80°C. AL S

K GC-MS X} _EiR e N F= Wit A7 430, RILEZEFZYN 2-(2,6- - FESREREIL)-1- K AT (H 5N
dp-one). KM, 2,6- HEFKE . KR, B, HENBEEREAAKRTR RS TSR m R
EF IR R ME A S AL L FVERT R, dp-ol 20 T a B LR RERIZF 25, TR o B IR, &
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Figure 2. The mechanism scheme of the catalytic oxidation of dp-ol carried by phos-

photungstic acid
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Figure 3. The GC-MS spectra of lignin catalytic oxidized by phosphotungstic acid
[ 3. #SERENENRRESRIELE
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Table 3. The GC-MS result of lignin catalytic oxidized by phosphotungstic acid
7= 3. WiSEA LS ARREN S FEMER

FFe LREE IR 1] (min) WEDZTE g

HaCO OCHg
1 7.384 2,6-— FA AR
2 7.951 3- A H-4- PR B
OCH,4

CHO
3 10.983 3,5- AR k-4 HEOR F R
H3CO OCH3
OH

COOCH,CH(CHa),

4 13.14 AROR W 5 Tl @* COOCH,CH(CHj3),

4, g5ig

I IEAE SRR BRI AT, SR BB AS RO A B R AR O B R A S A P RE . LB 3
T B A BRI E A, B8P I dp-ol 707 a B L RIFRIE SR T, MBIBRIEAL S BREEHITE K
BE—DEA T p-O-4 5, GRTIRIRY 1 C-O BT, ARl 2,6- — A BRI M K B, (7 I8 7) C-C
SR ACEWTR, BRI . AU T X SR BUR AT TAINISES, X AT 0, g5 R
RYI B RR ML E AR TR I 0 A AR SR, X B SAN 5 A IS P WU Ve iy, R S AL
SRR 7y A R R A
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