5539 %55 3 1 E IR O B R P Vol.39 No.3
2025 4F 6 H Energy EnVlronmental Protection Jun., 2025

REEES, R, HOKAE, . BT AREE T 5 2 L Cu/a-FeOOH A £ 771 K HC AR A 12 FR 1 o L 1k g
fikge (0], GEURIRBE ORI, 2025, 39(3): 176-185.
YU Panjie, ZHANG Hongwei, MA Yongde, et al. Fabrication of Highly Dispersed Cu/a-FeOOH via Green

Rust and Its Application in Hydrogenation of Methyl Palmitate[J]. Energy Environmental Protection, 2025,
39(3): 176-185.

@dﬁﬂﬂlﬂ@é

LT 55145 55 4 B Cu/o-FeOOH 4L 351 Je H:
%h‘aﬂﬁﬁfﬁﬁamiﬂﬁznumﬁ

KBS, KEFE, AL, ERE, FZTY, 'm0 R, LAAY

(1. AN K F T F R IR ER B R TR T, 47E 481 350002;
2. HRAIFEIE, A RN 362801)
FE: BB EAANRT L P EZG T R4, 2 AT £k, B0, REGFAFmic Ti7kd, 41
AAHTWAzk, CMNEZRRTshHHb, M dREATEY, Bd 5 EMERBHF, Rm, Tk
L A8 Cu-Cr BARACH] FE 48 A A2 P A 457 K 00 PV, RALA S BRI A & 78, B 238 IR
Yig g, Bk, BRI E A E'J%ﬁ%iiabf VEIE 34 AR T 44 BS An SARALF) 093 & AAT AL
K A% 0-FeOOH i #2 0 /= % 44 4545 (W Fe'', Fe' A= CO> 20 M. 49 LA K% B s Moy S AL
B, KR RARLIEE Cu it fi B4 0-FeOOH L, 4 & —Fp & i b | %k 589 0d B5 m S AE AL
%, @it XRD, XPS A= TEM 4 X xR AL 7 64 & 25 #) Fo FEAL M T 3047 R AE, 3R Cu #» Fe 2
8] 4 Y B AR Bk A ) S AR AR BR B Ae SR IS B BRI AL AR 69 e, AR R A, ERALIE R A
T, Fe ##r # 0-FeOOH #:4% 4 Fe,0,, Cu ##F & Cu,(OH),CO, 364L %4 Cu’, 23T 4-4E4k, £ 5
J 38 JE A 300 °C, B_E & H A 10 MPa H,, B B 9] 24 2 h B, 10Cu-G 41:4& | AR AR BR T B 0 410
FIXF)T 99% VAL, 3t X B e B HAELE 100%, %6 RIEL ] 3K 45 R AR KL it AR o
BN R AR ) A L, 3 e R AU AL F %u&: M{w@ Cu’ ##F 4= Fe,0, % @
B 89 Lewis B4 SR Al T H, EALAE & A AR 088 F 85 49 76 1L 5 4540 R 5, H, & Cu’ L5
P EE He, AZHBR W BS 69 C=O0 4 /& Fe,0, & @ %9 Lewis BRAZ 57 E 40, 2 M 69 H- sk £ EHLE 8
C=0 %, Fl B ALt AZ AR BR F B5 09 A4 35 £ i T o5 85, A O R T & 4 69 Lewis Bz 55 H, L £ R
&, 230 Lewis BRAL 509 B4 . KB AL Cr B EAEH] 693+ FF R T #7189 %
KEEIA: AAAMEALA]; Fe,O,; MEMFEE; iFMH A, AZABR F B
FESES: X505 XERARIRED: A XEHS: 2097-4183(2025)03-0176—-10

V

Fabrication of Highly Dispersed Cu/a-FeOOH via Green Rust and Its
Application in Hydrogenation of Methyl Palmitate
YU Panjie', ZHANG Hongwei"?, MA Yongde', CAI Zhenping',
CAO Yanning"*, HUANG Kuan">*, JIANG Lilong"*
(1. National Engineering Research Center of Chemical Fertilizer Catalyst, College of Chemical Engineering,

Fuzhou University, Fuzhou 350002, China; 2. Qingyuan Innovation Laboratory, Quanzhou 362801, China)
Abstract: Fatty alcohols are important chemical raw materials in modern industry and are widely used
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in cosmetics, household chemicals, pesticides, and fine chemicals. They are considered highly valuable
in industry. They are primarily derived from animal and vegetable oils or their derivatives and are
produced via high-pressure hydrogenation reactions. However, Cu-Cr-based catalysts commonly used
in industry face the problem of Cr loss during use, leading to catalyst deactivation and environmental
issues. Therefore, the current research focus has shifted to the design and preparation of highly
selective, heterogeneous, chromium-free ester hydrogenation catalysts. This study utilized green rust, a
layered hydroxide with a hydrotalcite-like structure (Fez+, Fe'', and COY"), produced during o-FeOOH
synthesis. Cu species were then loaded onto a-FeOOH via deposition by precipitation, yielding a highly
active, calcination-free catalyst for oil ester hydrogenation. The surface structure and physicochemical
properties of the catalyst were characterized by XRD, XPS, and TEM to explore the synergistic effects
of Cu and Fe species in the catalytic hydrogenation of methyl palmitate to hexadecanol. The results
showed that under in-situ reduction conditions, Fe species were converted from a-FeOOH to Fe,0,, and
Cu species from Cu,(OH),CO; to cu’, respectively. Following optimization, the 10Cu-G catalyst
achieved >99% methyl palmitate conversion and near-100% hexadecanol selectivity under the
following conditions: 300 “C, 10 MPa H,, 2 h. Combining the characterization results, activity test
results, and the temperature and pressure changes in the reactor during the reaction, the following
reaction mechanism was proposed: the highly dispersed Cu’ species on the catalyst surface and the
abundant Lewis acid sites on the Fe;O, surface synergistically participate in the activation and
dissociation of H, and the activation and conversion reaction of methyl palmitate; H, dissociates into
active H- on Cu’, and the C=0 bond of methyl palmitate is adsorbed and activated on the Lewis acid
sites on the Fe;O, surface; the generated H- attack the activated C—O bonds and promote the
dissociation of methyl palmitate to generate hexadecanol; the Lewis acid sites occupied by O atoms
react with H, to achieve the regeneration of Lewis acid sites. This study provides valuable insights for
the design and development of Cr-free ester hydrogenation catalysts.

Keywords: Copper-based catalyst; Fe;O,; Fatty alcohol; Selective hydrogenation; Methyl

palmitate
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Table 1 Specific surface area and pore structure
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