Clean Technol., Vol. 29, No. 3, September 2023, pp.163-171

r=XSIV S PSH

Ot
nx

S MME QI3 HI0IR0 £57| T BISOIM2l LA S0 A5

O[CtsH, MHE, S=ot, OIxHE*

R Avsk sfat g okl
48513 EABLFAA] HE 84 45

(20231 8¢ 89 x4 20239 89 229 472 14 2023 8¢ 22 A=)

Research Trends of Ni-based Catalysts on Steam Reforming of Bio-oils for
H, Production: A Review

Da Hae Lee, Hyeon Myeong Seo, Yun Ha Song, and Jackyoung Lee*

Department of Chemical Engineering, Pukyong National University,
45 Yongso-ro, Nam-gu, Busan 48513, Korea

(Received for review August 8, 2023; Revision received August 22, 2023; Accepted August 22, 2023)

Q o
A2 FAFYL T BANUAR FEUT Qi St 7|20 S AR £57] A WSS Bo ko] oz,
SHAJg, ol 4ksheao] & QIS A7 glo] o] or A B9 Hho] 2 ©.Q10] 5:57] 7} uho] Theko.z A|ekelw 9let
Ho] 9. Qo] 2 Bt choyat 41§71 44l Tokg Aol Ao} Qi BAAOR Q1) NIALO, A Sulo] vl a4 st
£ 2AZL e a4 £o9] o] W astel £ SHoIAE Hho] 0.0 40| $57] A4 8RS oS3 UAA S
e B SR 9 25w 0] TgolA] FelHch B TEAY el A0 C-C, C-H 23S Fof Bl U Hatkst
3, 9154 @ dolFEo] B8 5 At T L RETNE ALAALE o 8SAL ARIS A S0 WA ste Fa.9
919 Bk P AL OAASH WA 02 Z0)S AHT % k. vho] 2.0 Aol 7]uHe F P4k Akl o] 58 459 AL
Zu) e Fa s %L T Aol

FHOf :Blol 22, i, 2F57] A RHS, YA A

)

I

o, gk

o]

Abstract : Hydrogen has been gaining a lot of attention as a possible clean energy source that can aid in reaching carbon
neutrality. Currently, hydrogen production has relied on the steam reforming of fossil fuels. However, due to the carbon dioxide
emissions caused by this process, hydrogen production based on the steam reforming of bio-oil derived from biomass has been
proposed as an alternative approach. In order to use this alternative approach efficiently, one of the key issues that must be
overcome is that the complexity of bio-oil, which has a large molecular weight and diverse functional groups of hydrocarbons,
promotes the catalytic deactivation of nickel-based catalysts. In this review, research efforts to improve nickel-based catalysts for
the steam reforming of bio-oil have been discussed in terms of the active phase, support, and promoters. The active phases are
involved in activating C-C and C-H bonds of high-molecular-weight hydrocarbons, and noble and transition metals can be
utilized. In terms of the support and promoters, the catalytic deactivation of Ni-based catalysts can be inhibited by utilizing
reactive lattice oxygen for support or by suppressing the acidity. The development of active and stable Ni-based reforming
catalysts plays a critical role in clean hydrogen production based on bio-oils.
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Figure 1. Scheme for hydrogen production via steam reforming of biomass-derived bio-oils.
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Figure 2. Deactivation origins during steam reforming of Ni-based catalysts: (a) metal sintering and (b) coke deposition.
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Figure 3. Scheme for Ni-based catalysts.
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Table 1. Summary of the effect of active phases on Ni-based catalysts in the steam reforming of bio-oils

Reaction conditions
Feed Component Catalyst : - Ref.
T*(°C) S/C Space velocity
Ni/ C602-Alzo3
i Pd-Ni/Ce0,-ALO
Pine sawdust Acetic acid, acetone, efc. - 700-800 5 WHSV =21 ! [33]
(BTG comp) Pt-Ni/Ce0,-ALO;
Rh-Ni/t C602-Alzo3
i - Ni/Ce0,-ALO
N.Iode.l n-butanol, m-xylene, fu_rfural, : 2-AlUs3 700-800 5 WHSV =21.15 h! (34]
bio-oil m-cresol, glycerol, syringol Ru-Ni/CeO,-ALO;
; Ni/ALO
Commercial - 2 750-950 5 WHSV=131h" | [35]
bio-oil Ru-Ni/ALOs
Sawdust D-Allose, Acetic acid, Co-Ni/Ce-Z1-O 850 - WHSV=2.62h" | [36]
1-Hydroxy-2-propanone, etc.
Sgcchapna Ketone, N compound, etc. leculeMgl'SAh‘o 750 10 LHSV=1h" [37]
japonica x=0-1.5)

*Reaction temperature
°Steam to carbon ratio
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Table 2. Summary of the effect of support and promoters on Ni-based catalysts in the steam reforming of bio-oils

Reaction conditions
Feed Component Catalyst ; - Ref.
T (°C) S/C Space velocity
Pine sawdust Ni/Ce0,-AlL05 800 5 WHSV =21h" [33]
Pine sawdust Ni/ALOs WHSV = 20
pyrolysis Phenols, Ketones Ni/Ce0,-Al,0; 600 min T [39]
Volatiles N Zeat: -Evolatiles
Ni/ MgO-A1203
Commercial catalyst
7417
Ni/ CEOZ-Zr02
Rice hull LaFeO; 400 75 LHSV=5.1h" [40]
SrTiOs
BaTiO;
Lap 4Bag Coo.2Fe0 5055




Table 2. Continued
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Reaction conditions
Feed Component Catalyst : - Ref.
T (°C) S/C Space velocity
Model Acetic acid, Phenol, LaNiCo;40; WHSV =7.14-18.36
bio-oil Benzaldehyde (x=0-1) 600-800 1.6-3.26 Kgearh kmolyio-ir™ [43]
Saccharina Ketone Ni/MTi,Oy PR
Jjaponica N compound (M=K, Ca, Sr, Ba) 800 158 LHSV=Th [44]
Pine sawdust Ni/MgO-ALO; 650 7.64 GHSV =5,400, 12,000h™ | [45]
i Ni/ALO
Commercial Bk 850 5 WHSV = 131 h"! 35]
bio-oils Ni/MgO-ALOs3
Levoglucosane, Ni/a-AlLOs
. Acetic acid, Phenols, B
Pine sawdust 600-800 12 GHSV=8§,100—-40,300 h [46]
1-hydroxy-2-propanone, Ni/La,035-0-ALO;
etc.
Hydroxyaldehydes, Ni/CNTs
Sawdust Hydroxyketones, Sugars, . 350-550 6.1 GHSV = 12,000 b [47]
Carboxylic acids, Phenolics, Ni/-AlLOs
etc.
ICI1 46-1
ICI 46-4
CI11-NK
Acetic acid, Formic acid, Ni/MgO-ALO; 825 492
Poplar wood Hydroxyacetaldehyde, Ni/MgO-La,05-Al,04 or or GHSV = 126,000 h™! [48]
Acetol, Levoglucosan, etc. | nji_cq /MgO-La,03-ALO; 875 ~11
Ni-Cr/MgO-LazOg-Aleg
MgO—A1203
MgO-La203-A1203
Ni/ALO;
Mg-Nl/Ale3
Ni/Mg/ALLO;
Mg-Ni/Mg/ALO; 6,
. ; 12(phenol),
Acetic acid, Mg-Ni/Ce/Al,0; 9 (simulated
Model Ethanol ; . aq
L ’ Mg-Ni/Co/ALLO;s 700 bio-oil, LHSV=_850h [49]
bio-oil Acetone, 4
Phenol Ce-Ni/ALLO;
- compounds
Ni/Ce/ A1203 mixed)
Ce-Nl/Mg/A1203
Ce-Ni/Ce/ALLO;
Ce-Ni/Co/ALOs

*Reaction temperature
®Steam to carbon ratio
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