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Synthesis of Higher Alcohols from Syngas over Cu/Zn/Al
Hydrotalcite-Derived Oxides Modified by Triethanolamine
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Abstract: The Cu/Zn/Al hydrotalcite-like precursor was prepared by co-precipitation method and modified by
triethanolamine (TEA), and then the precursor was calcined to obtain TEA-modified Cu/Zn/Al catalysts. The cat-
alysts were characterized by XRD, FTIR, H,-TPR, CO-TPD and SEM techniques, and their catalytic activities for
isobutanol synthesis were evaluated. The results revealed that TEA can change morphology of the catalysts and
form flocculent structure on the surface of the catalysts. In addition, TEA can result in structural expansion of
hydrotalcite-like precursor and thus lead to structural changes in the Cu/Zn/Al catalysts, which facilitate hydro-
gen reduction of CuO components and CO chemisorption on the surface of the catalysts. These changes promote
isobutanol synthesis. The catalytic performance of the TEA-modified Cu/Zn/Al catalysts was optimal when addi-
tion ratio of TEA reached to nya/n,=0.5.
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Fig.1 XRD patterns of the Cu/Zn/Al hydrotalcite-like

precursors
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Table 1 Structural parameters of Cu/Zn/Al hydrotalcite-like precursors

Sample dys / nm di / nm a/ nm ¢/ nm D/ nm
CuZnAl-HTLCs 0.879 9 0.152 4 0.304 8 2.639 17 5.071 0
CuZnAl-HTLCs-0.1TEA 0.882 4 0.152 7 0.305 4 2.647 2 7.547 2
CuZnAl-HTLCs-0.5TEA 0.886 9 0.153 3 0.306 6 2.660 7 10.233 1
CuZnAl-HTLCs-0.8TEA 0.887 0 0.153 2 0.306 4 2.661 0 10.227 5

dy: distance between (110) lattice planes; dys: distance between (003) lattice planes; D: crystallite sizes in c-direction calculated

according to Scherrer equation
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Fig.2 Infrared spectra of Cu/Zn/Al hydrotalcite-like

precursors
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Fig.3 XRD patterns of Cu/Zn/Al catalysts
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Fig.4 HyTPR profiles of Cu/Zn/Al catalysts
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Table 2 Reduction temperatures and hydrogen

consumptions of Cu/Zn/Al catalysts

Reduction
Catalyst H, consumption / mol
temperature / °C
CuZnAl 210~343 2.03x10
CuZnAl-0.1TEA 215~450 2.14x107
CuZnAl-0.5TEA 220~445 2.44x107
CuZnAl-0.8TEA 220~440 2.47x107

2.3 CO Ky IR B 4514
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FEFUFEAE 2 RS H B B B 06 | BDAE T 100 CAE AT 1
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HEEMA RN, HE 5B E S R TEA 30 L
B0 F) e T, e @ ) T R T 38 R, BB TEA ] {2 iF
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Fig.5 CO-TPD profiles of Cu/Zn/Al catalysts
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Fig.6  SEM images of CuZnAl (a) and CuZnAl-0.5TEA (b) catalysts
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Fh 55 6% 20 CuZnAl-0.5TEA 1) IR Bk 52 356 45 M 1k 3
30%7E 47, MR UL TEA (955 8% 1 JF 3E 2l Cu/
Zn/AL A AL T 1 S5 T I 358 08 A R i R ) S g A
I TEA X Cu/Zn/AlL Ak 25 K6 (4 5% i 7 & 452 &
BAER, WHTETIA  TEA W] 1 5 2 16 diAs 1 il A
s A% SR B I 9 2% Dt R L T R A e B 2 B
Cu FEAHE AL TG P 14 SC B I R b Ah  TEA X 3
TET i 2 45 ) 17 0 A T AR 2 A AL R TP CuO 413 1 8
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Table 3 Catalytic performance for different Cu/Zn/Al catalysts
Catalyst Xeo ! % 5% CB Y/ % Ce, / (mmol - g™
ROH CH, DME CO,
CuZnAl 18.63 81.69 10.14 0.72 7.45 0.981 1.79 6.20
CuZnAl-0.1TEA 21.11 81.98 9.73 1.08 7.21 0.975 2.64 5.80
CuZnAl-0.5TEA 32.02 86.40 6.85 0.11 6.64 0.990 10.30 4.89
CuZnAl-0.8TEA 31.98 86.79 6.54 0.92 5.70 0.968 10.62 4.37

ROH: alcohols; CH,: alkanes; DME: dimethyl ether; CB: carbon balance; Y: total yield of higher alcohols; X¢p: CO conversion; Si:

selectivity for different products; Ce,: contents of Cu element in the catalysts

®4 RTEAEREFYHFENSTH

Table 4 Distributions of alcohols in products of isobutanol synthesis

Alcohol distribution / %

Catalyst
MeOH EtOH i-PrOH n-PrOH i-BuOH n-BuOH
CuZnAl 88.23 2.11 1.04 1.23 6.45 0.94
CuZnAl-0.1TEA 84.77 3.14 1.33 2.42 7.55 0.99
CuZnAl-0.5TEA 62.60 10.17 0.24 6.83 18.76 1.40
CuZnAl-0.8TEA 61.75 10.58 0.97 6.41 18.71 1.58

3 & it

i 2 T TE A5 B Cu/Zn/AL AT 250K T
ATHTIRAAR  IF F TEA X5 17 K 438 47 BT sl | 4% e
32 TEA SHER Cu/Zn/Al fEALT] 2T 25 58K ]
TEA %S /I F X e A6 700 235 44 F095 14 1 52 0], & 3 TEA
AT B A Cu/Zn/ Al AR 0 26 B 35, 5 1 SR 44
A0 0 2 T SR AR 5 A A HG 7 A A 22 1Y) i A Lt RN
AR R IE L TEA XA 7 235 #4130 A8 mT 41 9 4 £ 751

1 CuO 43 R IR FT CO #F Cu 6 157 32 11 4 fk 2%
WZ Bt bR TEA XF Cu/Zn/Al A A6 750 25 k8 FTREP4 1
S BAA R T 5 T B AR, S TEA TSI ks
0.5 B X 5 T B B AR R VR 38 B AR AR

SE k.
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