Electronic Supplementary Material

Enhanced synergy between Cu® and Cu® on nickel
doped copper catalyst for gaseous acetic acid

hydrogenation

Jingwei Zhang, Lingxin Kong, Yao Chen, Huijiang Huang, Huanhuan Zhang, Yagi Yao, Yuxi Xu,
Yan Xu, Shengping Wang, Xinbin Ma, Yujun Zhao ()

Key Laboratory for Green Chemical Technology of Ministry of Education, Collaborative
Innovation Center of Chemical Science and Engineering, School of Chemical Engineering and
Technology, Tianjin University, Tianjin 300072, China

E-mail: yujunzhao@tju.edu.cn (Zhao Y).

The conversion of acetic acid and selectivity were calculated by equation 1 and 2,
respectively.
The STY (space time yield) of ethanol was calculated as hourly produced ethanol on

per gram catalyst (equation 3) at the conditions of T = 300°C, P = 2.7 MPa and H2/AA

=20 (mol / mol) .

. mol of HAC put into reactor—mol of HAC remaian in product .

conversion = - equation 1
mol of HAC put into reactor

.. mol of HAC consumed to ethanol or ethyl acetate .

selectivity = : — equation 2
mol of HAC put into reactor—mol of HAC remaian in product

F X MW xConv.xSel XMW .

STY = HAC XPHAC HAC EtOH ETOH equation 3

Mcat

Fuac : flow rate of HAC (mL/h)

pHac : density of HAC (g/mL)

MWhHhac : the relative mass of HAC (g/mol)
Conv. : the conversion of HAC (%)

Sel eton : the selectivity of ETOH (%)
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MWeEToH : the relative mass of ETOH (g/mol)

Mecat : the mass of catalyst filled in the reactor (g)

Table S1 Integral quantity of hydrogen consumption of various catalysts

Peak 1 Peak 2
Catalysts e Area H> consumption T2 Area H> consumption
1% /mL'gcat_l /'C 1% /mL'gcat-l

Cu/SiO2 - AE 182 40.58 22.9 221 5941 335

Cu/SiO2- 0.3Ni 183 33.48 19.9 239  66.51 39.7

Cu/SiO2- 0.5Ni 180 27.11 17.3 225 72.88 26.6

Cu/SiO-1Ni 193  24.56 15.7 234 7542 48.2

Cu/SiO2- 1.5Ni 196 20.12 12.8 230 79.85 51.0

Table S2 Catalytic performance of the various catalysts
WHSV =1.5h1 WHSV =2 h't
Catalysts

Conv.  SktoH SAcOEt Sether Salde Conv. SEtoH SAcoEt Salde
1% 1% 1% 1% 1% 1% 1% 1% 1%
Cu/SiOz- AE 99.49 91.05 491 0.25 1.89 88.9 57.1 41.7 1.2
Cu/SiO2-0.3Ni  99.65 89.98 4.03 5.32 0.43 95.9 65.6 32.5 1.6
Cu/SiO2-0.5Ni  99.90 90.67 2.97 6.22 0.21 97.9 70.1 26.7 2.1
Cu/SiO2-1.5Ni  99.42 90.17 471 4.05 0.31 96.8 66.6 30.5 1.8
Cu/SiO;- 3Ni 96.79  84.89 11.82 3.71 1.02 79.4 55.4 42.5 1.3

Reaction conditions: T=573 K, P=2.7 MPa, H,/AA=20



Table S3 Metal dispersion and surface area of different copper species on various
reduced catalysts

D? Scuo® Scu+ Xeur
Catalysts

1% Im?2egt /m?egl /%

Cu/SiO; - AE 39 50.6 29.4 38.9
Cu/SiOz - 0.3Ni 35 46.2 328 415
Cu/SiO2 - 0.5Ni 26 34.3 333 48.5
Cu/SiOz - 1.5Ni 22 31.2 23.6 43.1
Cu/SiO; - 3Ni 20 29.9 19.6 374

a Dispersion and surface area of metallic copper on reduced catalysts calculated from N2O

titration results
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Fig. S1. N2 adsorption-desorption curves of reduced catalysts (a) and used catalysts (c)

and pore size distribution of reduced catalysts (b) and used catalysts (d)
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Fig. S2 Regional XRD patterns of calcined (a) and reduced (b) catalysts.



Fig. S3 HRTEM images of catalysts treated by different treatment methods
(@) H20 + N2-Cu/SiO2-AE, (b) H20 + N2-Cu/SiO2-0.5Ni,
(c) HAC + N2-Cu/SiO2-AE, (d) HAC + N2-Cu/SiO2-0.5Ni,
(e) HAC + H20 + N»-Cu/SiO2-AE, (f) HAC + H20 + N2-Cu/SiO2-0.5Ni,
(g) H2 + H20-Cu/SiO2-AE, (h) Hz + H20-Cu/SiO2-0.5Ni,
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