
Short communication

Chain growth mechanism on bimetallic surfaces for higher alcohol
synthesis from syngas

Jingbo Wang a,b, Xiurong Zhang c, Qiang Sun a,d,⁎, Siewhwa Chan a,e,⁎⁎, Haibin Su a,b,⁎⁎⁎
a Singapore-Peking University Research Centre, Campus for Research Excellence & Technological Enterprise (CREATE), Singapore 138602, Singapore
b School of Materials Science and Engineering, Nanyang Technological University, Singapore 639798, Singapore
c School of Material Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China
d College of Engineering, Peking University, Beijing 100871, China
e School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore 639798, Singapore

a b s t r a c ta r t i c l e i n f o

Article history:
Received 14 August 2014
Received in revised form 7 December 2014
Accepted 11 December 2014
Available online 12 December 2014

Keywords:
Bimetallic surface
Chain growth
Higher alcohol synthesis
Catalytic design

Density function theory calculations are performed to investigate the chain growthmechanism on bimetallic sur-
faces during the syngas conversion. The weighted d-band center correlates well with the adsorption energy of
two reactants on bimetallic surface. The boundary betweenCu and Co domains facilitates the association reaction
of chain growth. Particularly, the reduction of barrier for CO insertion step accelerates the formation of acyl inter-
mediate and thus provides paths to higher alcohol synthesis. The present work demonstrates the synergistic ef-
fect in the bimetallic surface from the microscopic view.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The catalytic conversion of syngas (mixture of CO and H2) to higher
alcohols is important with the increasing energy demand. Among the
catalysts for higher alcohol synthesis (HAS) [1–8], Cu-modified Fi-
scher-Tropsch (FT) catalyst, Cu-Fe, Cu-Co and Cu-Ni, is considered as
one of the most promising catalyst due to its high selectivity and low
cost [2,5]. HAS needs the collaborative function between Cu and FT ele-
ments, as suggested by the dual-sitemodel in Cu-Co experimentswhere
Co ensemble generates hydrocarbon precursors and Cu ensemble
chemisorbs CO species [6]. The vicinity of two phases facilitates the re-
action between alkyl groups and carbonyls, finally leading to higher al-
cohols [1,4,6]. Hence the identification of active site, the boundary
between Co and Cu phases, is important to HAS from a theoretical
aspect.

Generally the alcohol formationmechanism involves the formations
of long chain alkyl and acyl intermediate [1,5]. Intensive efforts have
been made to the formation of long chain alkyl in FT catalysts [9–13].

There are mainly two mechanisms to account for the chain growth.
The first is the carbide mechanism in which chain growth is achieved
by polymerization of C1 monomer (C, CH, CH2 and CH3) on the surface
[9]. Theoretical studies of the carbide mechanism suggest that
Co(0001) surface catalyzes effectively the RC + CH (R = H or alkyl)
coupling whereas RC + C might be a major channel for chain growth
on Ru surface [9,10]. The second, as an alternative to carbide mecha-
nism, CO insertion mechanism is proposed in which the chain growth
occurs by inserting CO into alkyl intermediates as supported by the re-
cent transient kinetic experiment on Co catalyst [12,13]. A propagation
cycle starting with CO insertion into CH2 and subsequent intermediates
is proposed on Co catalyst [11]. The coupling of COwith alkyl is connect-
ed with HAS, the formed acyl species is hereafter hydrogenated to
higher alcohols [5,14–16]. Recent study illustrates the fundamental dif-
ficulty in using pure transition metal to produce higher alcohol [15].
Nanoscale Cu6Co7 cluster boosts the selectivity towards higher alcohol.
The microkinetic study shows that reactions involving CH3 and CH3CO
control the selectivity [16]. Accelerating the rate of CO insertion reac-
tions on bimetallic catalyst is a possible solution to solve the difficulty
encountered by HAS.

In the present work, we aim to study the chain growth mechanism
on several bimetallic surfaces using density function theory (DFT) calcu-
lation. We select CH3 + CO as the target reaction owing to its highest
barrier among CO insertion reactions on Co(0001) [11]. Our study sug-
gests that the boundary between Cu and Co phases exhibits a higher ac-
tivity for chain growth and hence gains insight into the active site to
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HAS. The understanding of bimetallic interaction on catalytic activity is
useful for the design of new catalytic materials.

2. Computational methods

Fig. 1 depicts several metal surfaces in which the adsorption can be
tuned by the composition and microstructure [17,18]. Co(0001) and
Co(111) are described by 3 × 3 supercell with 4 layers of atoms.
Cu(111) is modeled with 3 layers of atoms. In Cu(111)/Co surface, the

Co sublayer is initially placed at the idealized position corresponding
to the substrate. The segregated metal prefers to stay at the second
layer as explained by the theoretical study [19]. The optimized lattice
constants for Cu (fcc), Co (fcc) and Co (hcp) are 3.635 Å, 3.522 Å and
2.490 Å [11]. The microstructures of bimetallic catalyst are constructed
in the bottom panel of Fig. 1 with 3 × 6 supercell, which are supported
by the quantitative structure of Co deposited on Cu(111) as reported by
Prieto et al. based on the fitting of the results from STM and LEED [20].
The quantitative structure contains the Co bilayer islands with fcc

Fig. 2. Top view and side view (insets) of the ISs and TSs for CH3 + CO↔ CH3CO on different surfaces. Two consecutive graphs represent a reaction path on a surface, the former is the
structure of IS and the latter shows the geometry of TS. (a,b) Cu/Ni-III; (c,d) Co(111); (e,f) Cu(111); (g,h) Co(0001); (i,j) Cu/Co-II; (k,l) Cu/Co-III; and (m,n) Cu(111)/Co. Colors: Cu (dark
pink), Co (blue), Ni (cyan), C (brown), O (red), and H (white).
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Fig. 1. The structures of metal surfaces. Colors: Cu (dark pink), Co (blue), and Ni (cyan).

58 J. Wang et al. / Catalysis Communications 61 (2015) 57–61



Download English Version:

https://daneshyari.com/en/article/50541

Download Persian Version:

https://daneshyari.com/article/50541

Daneshyari.com

https://daneshyari.com/en/article/50541
https://daneshyari.com/article/50541
https://daneshyari.com

