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Effect of Precipitation Method on the Performance of CuZnAl Catalyst for Catalytic
Dehydrogenation of 1, 4-Butanediol to y-Butyrolactone

ZHANG Siqi, MENG Lingchen, WU Huiling, LI Haodong, LIU Bofan, WANG Dechen, YUAN Shenghua
(SINOPEC (Dalian) Research Institute of Petroleum and Petrochemicals Co., Ltd., Dalian 116041, Liaoning, China)

Abstract: Addressing the key scientific issues in the dehydrogenation of 1,4-butanediol (BDO) to y-butyrolactone (GBL) over copper-
based catalysts, including the lack of systematic comparison among catalysts prepared by different methods, unclear structure-activity
relationships, and the incomplete reaction network, this study employed a stepwise precipitation method to prepare a series of CuZnAl
catalysts (denoted as CZ -ZA). Their performance was compared with a CZA catalyst synthesized by the conventional coprecipitation
method. The influence of reaction parameters on catalytic performance for BDO dehydrogenation to GBL was systematically
investigated. The optimal CZ -ZA catalyst exhibited excellent performance under the optimized conditions (220°C, space velocity of 1.0
h™', gas/alcohol molar ratio of 5.0, N, atmosphere), achieving a BDO conversion of 99.94% and a GBL yield of 99.00%, along with
outstanding stability during a 240 h long-term test. Multiple characterization techniques, including XRD, TEM, N, physisorption, N,0O
titration, XPS, H,-TPR, and NH,-TPD, were employed to systematically investigate the structure-activity relationship between the
structure of catalysts, textural properties, electronic states, reducibility, surface acidity and its catalytic performance. The experimental
results demonstrate that the stepwise precipitation method effectively optimizes the textural properties and electronic structure of the
catalyst. The resulting CZ,-ZA catalyst possesses a moderate specific surface area, the smallest average pore diameter, and the highest

copper dispersion, which enhances Cu-ZnO interaction and the reducibility of copper species. Furthermore, stepwise precipitation
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enables precise regulation of the acid strength distribution, concentrating acid sites in the weak and medium-strong acid regions, thereby

effectively avoiding dehydration side reactions caused by excessive strong acid sites. A comprehensive reaction network for BDO

dehydrogenation was constructed, elucidating the competitive pathways between the main reaction and side reactions. This study

provides a theoretical basis for the rational design and development of high-performance catalysts for the dehydrogenation of BDO to

GBL.
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Fig. 4 TEM images of (a) CZA.(b) CZ,,-ZA.(c) CZ,-ZA and (d) CZ,-ZA (The inset shows the particle size distribution)
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Table 1 Textural properties and copper dispersion of the catalysts

HEALFT LR A (cm?g™) FLEE (emg™) L& (nm) CudrfiE (%)
CZA 112.8 0.7 227 37.3
CZ70.25-ZA 83.8 0.3 17.1 40.1
CZ0.5-ZA 89.2 04 17.0 46.3
CZ1-ZA 99.0 03 14.9 544
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Fig. 7 XPS spectra of (a) Cu 2p,, and (b) Zn 2p of the catalysts



FREH S IR *T CuZnAMEALAIEAL 1, 4-T ZBE L EH] - T MBS RE I B om 9

224 H,-TPRIEJFR AL HT

270.0
CZA
%246,4

_ CZO.ZE_ZA
3
e
i
ﬂ ﬁ\zm.g CZO.S'ZA
2211 ur1
A\ Cz,-ZA

100 200 300 400 500 600 700 800
iRfE I°C
K H H,-TPR B B S A 38 JFAT Sy K & -8R A EARE . a8
IR, FEUTVE i % (1) CZA AL FNLAE 270°C Ak B JLA —IE Jid i, w]
J& T i CuO IL . MALL R, 20 B UTIEVE I % 11 CZ-ZA RFUMHEAL
5 RISy (R RRAE L (IR TRL X (220-230 °OO) MFEAUE SV H mi ¥ 4
AL CuO [ SR, i X (240-250 °C) BIAF 5 U i AAAH R ORBTRL CuO 138
BETEIEY, 5 CZARL, CZ,-ZA FHIEAGTR) 1340 R A A e (IR X
RE WS, RIS GUEER ZERTE T AR m] L R4 .
B8 fLFIH H,-TPRIEE
Fig. 8 H,-TPR profiles of the catalysts

2.2.5 NH,-TPD BV 5 0 #r

K F NH,-TPD-MS X ff 44, 77 (1) 2 171 R & % 1R
5 E A3 AT AT B AT (9 fT R 2) . MR A NH,-
TPD-MS & & 73 45 B, A [F) ) 2% 77 95 I 1544 4 57
R R & MR R E M EREER. CZ-ZA
f) sk R A 0.32 mmol/g, e A I iR i BT 1% (50 -
400°C) X |87 1) 55 L A1 H 5 R TR &4 0.28 mmol/g , /51
15 6 B U (400 ~ 600°C) X o 1) 56 iR iR £ {4 0.03
mmol/g; Ml CZA 1] 5 &9 0.40 mmol/g, 55 R Al rh
SRR R F Y 0.31 mmol/g, 5 2 R 74 0.09 mmol/g.
gt YRR VEIN &5 B, CZ-ZA 1E BDO Jit & il
GBL B A 3L B A (0 AL s PR S e e,
GBLINEKEEm T CZA. XEW, LEFCZA BH
B S R, F ok v 1 AR R A B R T R ]
SONECh B 7K A2 B THED (1 2 A2, AT B#AR H 4574
R MR, CZ,-ZA B O R EAE T 55 A
HH SR R X 3, 1 R SRR 7 AU B T BDO di SR 5L 1)
L) QU P AR 8513 N = s~ A 1 b ol ] 9 S
i 3ok v S B I OBE IR R, AT 2 2 4T T BDO
Jit 01 GBL )R AL S A 518
23 RMNEEESH

SEE A SCHR R SIS s, 0T 1,47
it S N R 48 HEAT fR AT . P10 434 T BDO AR
J GBL [ E B ER AT : B 5, 1,4- T ZBEL i —2

B8R/ (a.u)

100 200 300 400 500 600
B/ °C
9 fEWFIHINH,-TPD & E
Fig. 9 NH,-TPD profiles of the catalysts

F2 EAFIRREREROE

Table 2 Amount of surface acid sites of the catalysts

g 8/ mmol-g!

) —
50~400°C 400~600°C SR
CZA 0.31 0.09 0.40
CZ,-ZA 0.28 0.03 0.31
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