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Preparation of Nitrogen-Doped Carbon-Supported Co-V Catalyst for Catalys-
tic Depolymerization of Lignin to Produce Monophenolic Compounds
MA Yugiao, LIU Xingwang, QIAN Yong", OUYANG Xinping"

(School of Chemistry & Chemical Engineering, South China University of Technology,
Guangzhou 510640, China)

Abstract: Lignin, a renewable biomass component, holds promise as a fossil fuel alternative through
its depolymerization into monophenolic compounds for liquid fuel production. However, its complex
chemical structure presents significant challenges to efficient degradation. This study addresses this
limitation by developing a nitrogen-doped carbon-supported Co-V catalyst, synthesized using cobalt
nitrate hexahydrate, ammonium metavanadate, and melamine as precursors. The synthesis capitalized
on vanadium-nitrogen coordination and the inherent stability of vanadium nitride, eliminating the need

for an external carbon source. By regulating the mass ratio of melamine to metal salts, the structural
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morphology and the types and contents of Co and N in the catalyst were precisely controlled. The
optimized Co,-V;/NC (30) catalyst exhibited abundant defect sites, a high specific surface area, large
pore volume, and hierarchical porous structure comprising micropores, mesopores, and macropores.
The catalyst also featured a high content of pyridinic nitrogen and metallic cobalt (Coo), along with a
relatively low content of Co-N, species. Synergistic interactions between the active components Co’ and
V¥, coupled with nitrogen-mediated anchoring, ensured uniform dispersion of active sites, thereby
enhancing catalytic activity and stability. Under optimized reaction conditions (180 °C, 0.5 MPa O,,
8 h), the catalyst achieved 86.3% bio-oil yield and 28.8% monophenolic compounds from organosolv
lignin. Notably, Co,-V4/NC (30) outperformed commercial catalysts (Co,-V;/AC and Co,-V,/ZSM-5),
demonstrating the critical role of nitrogen-doped carbon in anchoring and dispersing metal active
components. 2D-HSQC NMR analysis confirmed the catalyst’s exceptional activity in cleaving both
C—O and C—C bonds between lignin structural units, enabling efficient degradation into
monophenolic compounds. Mechanistic investigations using a f-1 lignin model compound
(diphenylethanone) revealed that the cleavage of C,—C; bonds proceeds via two pathways: (1) O, is
reduced on the catalyst surface to generate reactive oxygen species, which coordinates with the C;—H
bond to form a peroxide intermediate. This intermediate undergoes dimerization to benzil, followed by
C,—C; bond cleavage; (2) alternatively, homolytic cleavage of the peroxide O—O bond generates
oxygen-centered radicals, directly breaking the C,—C; bond. Structural characterization via X-ray
diffraction (XRD), Brunauer-Emmett-Teller (BET) analysis, and transmission electron microscopy
(TEM) confirmed that the catalyst retained its crystalline structure, high surface area, and hierarchical
porosity, even after five reuse cycles. Notably, active components (Coo and V3+) remained uniformly
dispersed without aggregation, contributing to sustained catalytic performance. This work provides a
scalable synthesis strategy for robust, low-cost catalysts and elucidates a reaction pathway for lignin-to-
aromatic conversion, thereby advancing biomass utilization in renewable energy. These findings
underscore the potential of Co-V-NC systems to replace fossil-derived catalysts for sustainable
chemical production.
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Fig. 1 Synthesis schematic processes of nitrogen-doped carbon supported Co-V catalyst
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Table1 Summary of the main element composition of

various catalysts
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Co,-V5/NC(6) 0.33 6026 526  6.13  18.20
Co,-V3/NC(12) 0.41 60.66 4.57 5.34 13.81

Co,-V,/NC(18) 0.46 64.88 432 4.45 12.06
Co,-V,/NC(24) 0.49 67.16 4.63 4.26 11.34
Co,-V,/NC(30) 0.51 68.58 5.08 3.96 10.74
Co,-V,/NC(45) 0.68 72.87 7.07 2.71 8.20
Co,-V,/NC(60) 0.89 73.97 8.55 231 5.95
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Fig.2 XRD patterns of catalysts prepared with different

mass ratios of melamine and metal salts
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distribution of catalysts prepared with different mass

ratios of melamine and metal salts
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Table 2 Texture properties of catalysts prepared with

different mass ratios of melamine and metal salts

AL HEHF/m> g ") FLA/(em’ g ")  FLH/nm

Co,-Vy/NC(6) 148.89 0.20 9.30
Co,-Vy/NC(12) 214.81 0.49 11.01
Co,-Vy/NC(18) 24935 0.93 15.84
Co,-Vy/NC(24) 275.77 1.29 18.97
Co,-Vy/NC(30) 291.63 1.33 18.70
Co,-Vy/NC(45) 289.59 111 19.35
Co,-Vy/NC(60) 275.34 112 21.05
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Fig. 6 XPS spectra of catalysts prepared with different mass ratios of melamine and metal salts
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Table 3 Comparison of degradation performance of
catalysts with different mass ratios of

melamine and metal salts

HEALH YRR % IR A ICR %
Co,-V3/NC(6) 84.0 19.5
Co,-V45/NC(12) 89.9 232
Co,-Vy/NC(18) 84.0 252
Co,-V,/NC(24) 81.2 264
Co,-V4/NC(30) 86.3 288
Co,-V,/NC(45) 82.5 22.8
Co,-V4/NC(60) 834 20.9

Co,-V,/AC 83.7 11.4
Co,-V4/ZSM-5 88.7 19.1

TE: SR %4903 g POSL, 0.06 ghfL5], 25 mLH i, 180 C,
0.5 MPa O,, [ B8 h,

il 15 Co,-Vy/NC(6) FH T A 51 Z= A Ak R fige 45 3] g 2.
My A A W) ORI, AU 19.5%. FliE — %
e 4 A 0 A L A3 i, PR A A Y
WCRZET FTF, i3] Co,-Vy/NC(30) I 16
25 TAHEAL T 2 Bl 48 IS PR 2 Co” Al VTHY
SR AR, Co” Rl VIREIL R HE O, 15 i Tk
R A FHBECOy), Oyt — £ 5
C,—H i 57 M 2 1 C,—C, 58 g W7 24, [ Bisf
VIR B TS 2 R R I PR e R R S 2
)T 3 A8 AL I JEAB 3R, Co” A1 V™22 ] By b IR A Ak
ROV KM T AL s i B
P2 T BAAE AL Co,-Vy/NC(30) ELA T K L%
T FURIFLZS . =E i FLIE 254, Mk ) b 4 s 16k
W RPN, i s) . 0 = REhk s
4 )@ 1) BT e, A R R Co,-Vy/NC(45)F Co-
V,/NC(60) L% fit POSL 15 3 1t BA I 25 b & Wy
WAy B R B 22.8% F1 20.9%, 1] fig & = B
s in it o, B L R UL TR, FL
TH 25 A8 22 BIREIR, TS T 4 & I P4 4 5K
W22 1) B4 ik, 30 T S SO A 5 1 FRAIG

A3 MLARDIALE) AC LUK ZSM-5 1E R 384k £
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Table 4 Effect of mass ratio of two metals on the

performance of catalysts

fALH FEYIMCR % SRR A IR %
Co,-V//NC(30) 89.5 20.2
Co,-V4/NC(30) 86.6 28.8
Co,-V5/NC(30) 88.8 23.0
Coy5-V4/NC(30) 84.7 19.9
Co, 5-V/NC(30) 83.8 24.0
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Fig. 9 Effect of reaction temperature on oxidative

degradation of lignin
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Fig. 12 Molecular weight distribution curves of the POSL

and the depolymerized products
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Table 5 Molecular weight distribution of the POSL and
the depolymerized products

FE M,/Da  M/Da  MJM,
POSL 4116 1912 2.15
TCHEALT B R A T 1170 410 2.85

Co,-Vy/NCR0)V AL FEfE =) 680 320 2.13

Wl 12 fr s, POSL 1 7 1 & £ ZAE P AE
1 000~14 000 Da, HH ¥/ 71 (M,,) N 4 116 Da,
TETCEH 2 5 R, POSL MM r= ¥ il 50 10 A
M2 il W AR AR oy i M s, oM, TR
1 170 Da, 4> FH 4L F 4 000~11 000 Da [ 7= 41475
SR %, Fe W] POSL PRl I AL M EZIE L T
HRIREEH LRI, Co-Vy/NC30) i 1L B i
POSL 15 2 R 7= (1) o - ik i — 2D BEAIR, 0 F
KT 4 000 Da (/I 3R W #8 A& A B i, H: M, AR
k1 680 Da, 45 & WAk = K 2 25 K AEBRAL R N, A
S B0 Wy 0 43 —F =R 3G K, 30 U0 W i = ) vh
TAKENRHBIEA G R, X R
# Co,-V5/NC(30) fig A ZHs POSL B g S ik 43+
IR EY) .
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products after oxidative degradation over Co,-V;/NC(30)
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Table 6 Quantificational results of the POSL and the
depolymerized products by 2D-HSQC spectra

p—O0—4  p—5/  p—p/

e 100 Ar 100 Ar 100 Ar
POSL 432 7.4 8.6
TEAEARTR 1 ek gt 7= 40 8.3 15.3 6.9
Co,-Vy/NCROYfiE AL Y &A™ 4 2.9 2.1 0

FEG R SRR AR T, POSL 2544 BT[]
Bk 5 & AR W . TR RS, B AR P2 R /Ny T Y
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Table 7 Catalytic oxidation of lignin model compounds over different catalysts %
LEIN &S
HEALFH] JsUiES
o R HH R H g % HE — PP AT HH R AN

X 3.6 1.3 1.0 1.3 N.D. 12.9
V/NC(30) 52.0 43 14.4 25.6 7.7 413
Co,-V;/NC(30) 96.4 3.1 65.5 27.8 N.D. N.D.
Ni;-V4y/NC(30) 66.2 2.4 32.8 303 0.7 30.8
Cu,-V,/NC(30) 63.5 2.0 39.9 20.6 0.6 11.3
Fe,-V,/NC(30) 63.1 4.0 40.0 18.6 0.9 8.8
Co,-V,/AC 64.7 1.1 39.9 23.7 N.D. 29.4
Co,-V5/ZSM-5 66.2 2.1 332 30.2 0.7 21.6
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