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Abstract: A series of Ni—Cu bimetallic copper—containing catalysts was developed, with the loading controlled
using supports such as AlLO,—~MgO and MgO-ZSM-5. These were used for the selective hydrogenation and
deoxygenation of guaiacol to produce phenol. By adjusting the metal content of Ni and Cu, the influence of Cu on
the C = O bond cleavage pathway was investigated. The results indicate that the introduction of Cu significantly
suppressed the deep hydrogenation of the benzene ring, enhancing the selectivity towards phenol, whilst
simultaneously shifting the reaction pathway of the selective hydrogenation and deoxygenation of guaiacol from the
formation of cyclohexanol-type products to that of phenolic products. Electron transfer occurs between Ni and Cu,
with Cu* species predominating, thereby enhancing the affinity for the methoxy group; the addition of Ni, in turn,
enhances the catalyst’s activity and stability, whilst basic supports (CaO, MgO) are more conducive to promoting the
elimination of the methoxy group to yield phenol. Under aqueous conditions at 200 ‘C and 1 MPa H,, the Ni,,Cu/
A1,0,-MgO system achieved a guaiacol conversion of 30.69% and a phenol selectivity of 59.05%, confirming the

key role of Cu in suppressing the hydrogenation of the aromatic ring and promoting the elimination of the methoxy

group.
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Fig.2 SEM images of different catalysts
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Fig.4 Conversion and Product Distribution of Guaiacol on Ni Cu/Al,05—MgO Catalysts

(SR ST oy = N A [ i N L7 9B € 3 97 S
H ETE, RO EES I OO A BE R R FEAR . bk
SRR A ZRIEA G, OV AR i — 2 1) R 4
FEMERR T RS | TR RN S AR A B . i
FIAE AT IR 5 A ORAE T 55 = W 2R By e ik, (A 5%
LRI R
2.8 Cu5EBEMEES &HMEX -2 ERBIAREREL

MR

Sk B AIE G X6 2 A IS A 00 ) 550 7 A el 285
BRI, DL 4-2 3 @R B AR B 98 T
AR A4 22 1 o S0 A i

& 8 %t 1 T NiyyCuy/ALO,~MgO Ak 7 (1 115 3,
20 UL 4-C AR S ) AT R SE 5
[6] I, 3 o 4 ALO, B #8 i ZSM=5 43 1 B, 1
MgO-ZSM~5 52 & &A% , 1T 146 56 8 1 MgO 7 iR 14
AR T IR A R 55 AR AR .
WFFE T A [A] Ni-Cu/MgO-ZSM—5 4k 71 it M RE , L
W Cu T 50 B 72 5%, % A5 B Ni i i 4
B, BAR R MO 5 R4y T ZSM-S R &0 1E
200 °C.1 MPa H, JKAH S 2 h 2544 T Bl & Ni LA
ThiEg , EYIEE AL R 38.94% Tt 2 47.82% ,{H 4-2, %
2R B N 33.51% KM B 2 16.49% , 3 O\ i 5
=Yy e E RN, X — S @R HDO &
7 PP A L v R — R D NG R R R R
InEl. (AR ERE, 76N B ER(15%) if, &
EAFAE ZSM=5 [ TR PE AT 0, {H i T 8P MgO /Y 51
A MEAR AR B T 33.51% 1Y 4- 2 5L 28 Wy 1 P 1k
(A0 38.94% ) , W i AL T Sl i P w2 1 1)

ZE NI
2.9 KEHENHEE

BT F 3R W o3 A B TR AR A 2R 0 He
S5 9 HEM 1 AT 7E Ni Cu /ALO,-MgO fiEfk
L T REAFAE B DI 26 52 N A o Path 1 4N
0 J3E P 40 B AR < AR A T 2 R B T A A 3R
T, FPAECEE Y C-O SR ST im0 M 2 T ) S s ot
MR S I 395 T 408 30 ) <5 J 5 P 5 s P 85 1, B3t
VRS A, 3 U R HE C-0 B Y SR KT 2L,
i TP SRR 5 L AR O B o I AR ST R OR B R B
I3 A4, e o e BRI I 2 7 ) Y BRAR R AL 7
Ko FZAHXT, Path 2 I AR BRI K A2 - ARl
UN LRIy, 0P S 7 1= i R S G oy N e~ Sl ]
K, PR SIS 2 B0 O i st — B S IR 2
M o AR BN D7 B0 07 I, R T B B R R
I o IKBRARAE Ni & Bl Cu B = A9 Z64F R o s
S, PR NG OOE IR FR Y 5 % B RE ) AL S Ak C
=CHEMAE C-O 5. tLAh, KMy T RE I 4 3 C=C
AN, WY Path 2 75 [ e AL 3R 2 B 5 PR

3 %%

ASCUL AR R AR TR B Y, S8k
R HDO il £ 13 28 7= B9 40 B AR IR 98 T Cu 3t
AR TR Y 4548 5 hm 00 S RE DG IR, BF5E T Ni/Cu
LU 3] 2 Bt 52 i) 1 8 42V FH o 3 R 4 Ni/Cu B
IR Eb 1 B8 A [ 1% A 4 2 44 (A1,0,-MgO . ZrO, , CaO
&), BB



XX E

V) Cyclohexanol

[ Phenol

[y
o
o

X Cyclohexanone
I Other

e}
o
1

Selectivity(%0)
B (2]

N
o
1

Conversion(%o)

Ny Ve C

(a) A Tol AR AR G4 NiCu HEA R A 050 580 W Al e fe %

Phenol
100+

Selectivity(%o)
s 8 8

N
o
1

04

 eudC®©
Nig?e Nigo

Y] Cyclohexanol

X Cyclohexanone
- Other

Conversion(%b)

o
CudZ' Q2 cudhe cudM

Nigg

(b) AR A 6 28 Ni g, Cu ARG 0B A B3 2058 S B N 1 E ) 2 )
PS5 A [ A 57 48 NG Cu PRI 590 9 A B AR i o S50 S RE X L

Fig.5 Comparison of hydrodeoxygenation performance of guaiacol over Ni—Cu catalysts supported on different carriers

(1)7E Ni-Cu W4 JEB AR R, Cu Y51 A2
TS 3 BE A R 2 P M OCHE . Ca el
X R RN A S B M BE S A BT IR OB LR
T 46 0 D 7 ) 1 A AR 2 AR e AL B B HDO
SN FR R T R B, DT SIS I 866 A DA R B
A T R A A RO A

(2)Ni/Cu BE IR PU 2 I 458 S I AR 1 OB . 3
JE 2 85 Ni 5 i (NiyCu/ALO,~MgO) 1] 7E Cu 47 2531
il 24 I o A [ B T A0S L 7E 200 °C L2 h 1
MPa H, 454 T SEL A A A 3 % 4k % 30.69% K I 15
FEME59.05% . HHE— 088 & Ni & it B R B 1 e 4
PEREAIG .

(3) B R4 (CaO MO ) AHHE T RR /b i 244
A R T H AR bR A 2, U5 R TP 3 A
T T B AR R R A S e AR R AP S TR AR
R AR HEAE FH 32 Ni/Cu HL ) 35 45 o 24 Ni/Cu Fb
913 4 B, B 2 AR A BE IR ) Cu A5 280 o2 26
A, SIS BB AR A NT LR A
AT S B AR AT A BR

fFStEe
€\ ~OH — 5 R IE

C,~OCH,
HDO

LY =

J7 PR




V77 Cyclohexanol N Cyclohexanone
- Phenol I Other
100 -
80 1
S 60- 9
5 2
S =)
iy %
£ / g
& 5
20 / NWE

i n

N2 g 'Z‘O N ZYO? g2
(a) AN[F] Ni /2O, HEATA B 5 AL 3 A0 7 1 20 A1 1]

7///) Cyclohexanol XY Cyclohexanone
[ Phenol I Other

o

100 -

80
560- g
P c
S S
g 40- 3
(5] c
o
@ @)

N
o
1

0-

(b) AN [ 5 o £ 8L 7O, A A X 380 B A By i 5058 4 1 P R 4 52
FI6  ARfRME: ZrO, AR 0 Ni L Cu JEAHE AL 50 B 5B B A T 5% R ™4 o34

Fig.6  Conversion rate and product distribution of gualacol over Ni— and Cu—based catalysts supported on non-basic ZrO, carriers



- 10 -

fb T % 4k 9 XX B

v//) Cyclohexanol N Cyclohexanone

[ Phenol I Other

100+

80 -
< 60 S
>, =
)
= 3
B 40- o
(3] >
3 :

201 P O

0-_% ./ %

Runl Run2 Run3 Run4 Runb5

B7  Ni,Cuy/ALO,~MgO AL B E I AR 2 1
Fig.7 Cycling stability of the Ni, Cu/Al,0,-MgO catalyst

v/ Cyclohexanol X 4-Ethylcyclohexanol
I 4-Ethylcyclohexanonelll 4-Ethylphenol

1001
80 1
S 60- >
> c
e}
— o
> - —
S 40 el
(&) (D)
= =
[«b]
wn o
20 1 O
O T I 6
SW-O o- SO oD -
oML Zum\g 2 MO \\I\QOZS
N2 N Nigs d RUg 005

8 NIl 971 4 MgO~ZSM =5 fiEAL R0 4~ 2 R B A iy o U3t 8Pk RE A 52 i
Fig.8 The Effect of MgO-ZSM~5 Catalysts Supported on Different Metals on the Hydrogenation and Deoxygenation of 4—
Ethylguaiacol



5 XX

www.hgxb.com.cn

« ] -

N Cu_ Al Mg H

Heating
Path 1

H,

e

S
S

Hydrogenolysis

+H,

o>
o
‘0‘70/,00

(\)

-—————p

B9 A B B B 1Y SOV A

Fig.9 Reaction path diagram of guaiacol to phenol

S 3k

(1]

RS, AW, PRI . YL PeNIZSM-5 3 AT AT A )
ISP REMFIEL]. AL T 2540, 2021, 72(5): 2626-2637.

Li X X, Niu X P, Wang Q F. Study on hydrodeoxygenation
performance of hierarchical Pt=Ni/ZSM~5 for lignin derivatives[J].
CIESC Journal, 2021, 72(5): 2626-2637.

S, AT, FHT . AW AL T C—0/C—C I AL KT
201 B AN, 2022, 38(10): 2203016.

Zhou H, Jing Y X, Wang Y Q. Activation/cleavage of C—0/C—C
bonds during biomass conversion[J].
Sinica. 2022, 38(10), 2203016.[ 1 [ 41
Zhao L, Zhang J Y, Zhao D Y, et al. Biological degradation of
lignin: a critical review on progress and perspectives|J]. Industrial
Crops and Products, 2022, 188: 115715.

Kirkds M D. Lignin hydrogenolysis: improving lignin disassembly
through formaldehyde stabilization[J]. ChemSusChem, 2017, 10
(10): 2111-2115.

Zhao M X, Hu J, Wu S L, et al. Hydrodeoxygenation of lignin—
derived phenolics over facile prepared bimetallic RuCoN /NC[J].
Fuel, 2022, 308: 121979.

Diao X Y, Ji N, Li X X, et al. Fabricating high temperature stable

Acta  Physico—Chimica

Mo—Co9S8/AL0, catalyst for selective hydrodeoxygenation of
lignin to arenes[J]. Applied Catalysis B: Environmental, 2022,
305: 121067.

Chen M J, Li Y, Liu H M, et al. Lignin hydrogenolysis: Tuning the
reaction by lignin chemistry[J]. International Journal of Biological
Macromolecules, 2024, 279: 135169.

JEI4E, S22 AE, FRMS, 4% . Ni-VO_FH i s AL A 5 R AT AL 1
BT fE A% R, 2025, 76(12): 6366-6375.

Zhou W, Wu Z Q, Qiao Y P, et al. Efficient catalytic
hydrodeoxygenation of lignin derived phenolics on Ni-VO_
interface[J]. CIESC Journal, 2025, 76(12): 6366—6375.

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Ren X H, Qiang Q, Sun Z H, et al. Water splitting integrated with
self—transfer hydrogenolysis for efficient demethoxylation of
guaiacols to phenols over the Ni/MgO catalyst[J]. ACS Catalysis,
2024, 14(7): 5247-5259.

Liu G H, Zong Z M, Liu Z Q, et al. Solvent—controlled selective
hydrodeoxygenation of bio—derived guaiacol to arenes or phenols
over a biochar supported Co-doped MoO, catalyst[J]. Fuel
Processing Technology, 2018, 179: 114-123.

Li C C, Nakagawa Y, Tamura M, et al. Hydrodeoxygenation of
guaiacol to phenol over ceria—supported iron catalysts[J]. ACS
Catalysis, 2020, 10(24): 14624-14639.

Zhu Z D, Lian X, Han X, et al. Ruthenium—loaded heteroatomic
zeolite for selective hydrodeoxygenation reaction in aqueous
medium[J]. Journal of the American Chemical Society, 2026, 148
(4): 4515-4528.

Valizadeh S, Khani Y, Kang B S, et al. Catalytic conversion of
guaiacol to phenol and alkylphenols over Mo—promoted Ni/CeO,
catalyst in ethanol[J]. Applied Catalysis B:
Environment and Energy, 2024, 348: 123823.

Wang X C, Wang Z Q, Zhou L L, et al. Efficient
hydrodeoxygenation of guaiacol to phenol over Ru/Ti - SiO,

supercritical

catalysts: the significance of defect-rich TiO_ species[J]. Green
Chemistry, 2022, 24(15): 5822-5834.

Li Z R, Guo L, Ren W C, et al. Hydrogen production from
Ru/Co - AI-LDOs
prepared by a one-step synthesis method of co—precipitation[J].
International Journal of Hydrogen Energy, 2024, 93: 1000-1010.
Breunig M, Gebhart P, Hornung U, et al. Direct liquefaction of

ammonia decomposition over catalysts

lignin and lignin rich biomasses by heterogenic catalytic
hydrogenolysis[J]. Biomass and Bioenergy, 2018, 111: 352-360.

Guo X J, Ma Y, Li Z Z, et al. Multi-scale utilization of lignin: a

catalytic hydrogenation strategy based on catechyl lignin
nanoparticles[J]. Chemical Engineering Journal, 2023, 478:
147362.



12 - fe T % il $ XXt
[18] Sun Y, Liang K L, Tu R, et al. Selective hydrodeoxygenation of Technology, 2023, 322: 124295.
lignin—derived vanillin via hetero—structured high—entropy alloy/ [26] Zhang H L, Wang Y Z, Liu Q, et al. Preparation of Ca/Mg-based
oxide catalysts[J]. Energy & Environmental Materials, 2024, 7(3): mineral-modified biochar materials and their phosphorus
e12638. adsorption performance|J]. Journal of Environmental Management,
[19] Wang Y J, Wang H, Han J Y, et al. Enhancing direct 2026, 404: 129347.
deoxygenation of m—cresol to toluene through inhibiting C-C [27] Yuan P, Liao X Q, Cui H S, et al. Decarboxylation—induced
hydrogenolysis via alloying Ni with Cu[J]. Chemical Engineering defects in  MOF-derived Ni@C catalysts for efficient
Research and Design, 2023, 199: 49-60. chemoselective  hydrogenation ~ of  nitrocyclohexane  to
[20] Wang C H, Wang M Y, Chen L, et al. Construction of dendritic cyclohexanone oximel[J]. ACS Catalysis, 2023, 13(5): 3224-3241.
mesoporous Si0, supported Cu catalyst for hydrodeoxidation of [28] Chen S M, Zhang Q, Zhou Y C, et al. Solvent—free upcycling of
lignin derivatives[J]. Bioresource Technology, 2024, 413: 131503. polystyrene to mono—aromatics over a selective Ni/NbO,
[21] Chen L, Wang C H, Shang N Z, et al. Highly dispersed Cu bifunctional catalyst[J]. Applied Catalysis B: Environment and
supported on urchin-like TiO, for efficient hydrodeoxygenation of Energy, 2026, 387: 126504.
lignin derivatives[J]. Journal of Catalysis, 2025, 448: 116216. [29] Zhuo M, Liu J X, Ye H L, et al. Hierarchical hollow flower—like
[22] Wang X F, Zhou W, Wang Y, et al. Synergistic effect for selective Cu—Co-S_ enhancing catalytic CO, hydrogenation to ethanol[J].
hydrodeoxygenation of anisole over Cu-ReO /SiO,[J]. Catalysis Chemical Engineering Journal, 2026, 529: 172685.
Today, 2021, 365: 223-234. [30] Kang Y M, Kong C, Hao B X, et al. The selective separation of
[23] Guo DY, Wang S, Dong S L, et al. Hydrodeoxygenation of vanillin dual active sites ilmenite by bifunctional collectors: Mechanism
to 2—methoxy—4-methylphenol over in—situ reduced CuO/AlO, and performance[J]. Separation and Purification Technology,
catalysts under mild conditions[J]. Chemical Engineering Journal, 2026, 388: 136697.
2024, 487: 150428. [31] Ghasemi N, Heshmatpour F. Improved photocatalytic activity of
[24] Dutta S, Nair S A G, Aubrecht J, et al. Hydrodeoxygenation of ternary n-CoFe,0, /n-ZnFe,0,/n-Mgke,0, nanocomposite
guaiacol and anisole over alumina supported monometallic Ni and through a double=Z-mechanism for the degradation of an organic
Cu catalysts: Studies on the effect of metal sites[]J]. Catalysis dye[J]. Journal of Alloys and Compounds, 2026, 1055: 186310.
Today, 2025, 459: 115404. [32] Raza A, Igbal N, Mehek R, et al. Synergistic ZnS@Co304/MXene
[25] Wang X B, Hu D, Hao Y D, et al. Continuous CO, abatement via hybrid derived from ZIF-67 for high—performance supercapacitors

integrated carbon capture and conversion over Ni-MgO-ALO,

dual-functional ~ materials[J]. ~Separation and  Purification

[J]. Journal of Energy Storage, 2026, 151: 120420.



