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Table 1 Synthesis condition of different Co/Al,O3 catalysts

Sample Plating bath/ Reducing agent/ Co loading/
No. mL mL g
Co/AL,05-1 5 2 0.012
Co/AL,03-2 10 4 0.023
Co/ALL,O5-3 15 6 0.035
Co/ALO;—4 20 8 0.046
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Fig. 1 Surface SEM images of fresh support material and prepared catalysts: (a), (b) ALO;; (¢) Co/Al,05—1; (d) Co/AL,05-2; (e)

Co/AL,0;-3; (f) Co/ALL,O;—4

w2 Pl Co/ALO; EALTIR TR 53

Table 2 Surface element analysis of prepared Co/Al,O;
catalysts
Catalyst Mole fraction/%
Al o Co
Co/Al,05-1 52.72 45.77 1.51
Co/AL,O;-2 51.63 44.58 3.79
Co/ALL,O;-3 50.73 42.95 6.32
Co/Al,0;—4 50.94 41.52 7.54

AT S, 2 AI7E 89 52 41, 37 min A F K
PR . WA, 30 mL &RV NaBH, 554
K= EE AN 3.67 L, 1MiX 4 AL AR AE S

NaBHy (1564 7Kfilt. Bl 3(b) Froas, Ao Ak A
Co/ALOy—2 I}, NaBH, /Kfil## 5, 15 96.5%. %
PR IHT 90% K AT RS, HGR 454 WL IE
3(b). o, AT Co/ALO-2 I, AR
Ay 3.26 Li(ming), Bl Co/ALOy—2 ffEALIT M
e BEERECE RGN, AR Co/ALOs—3 F
Co/ALOs—4 IHEALIE I B A% T Co/ALOs—2, BiHIL
38 0B P 28 0 AT M TC PR FHE T o 25 BTk nT
AL, MESIIHHEEN 0.46%I, BT AL I TE
etk
2.2.2 NaBH, i B A0 A P IR 5
AR T N AN NaBHy W (1%
2.5%- 5% 7.5%- 10%)%} Co/Al,05—2 HEALFIPEREN
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Fig.3 Curves of hydrogen generation volume as a function of
reaction time(a) and NaBH, conversion rate and HGR of

reaction solution using different catalysts(b)
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Fig. 4 Effect of NaBH, concentration on catalyst activity
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Fig. 6 Arrhenius plots for the hydrolysis of NaBH,

F 3 NaBH, KA AR PEREXT EE

3, B NEMIEWEER 64.4 kI/mol.
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FEIAE P e 2 fh A AR A FH o A o 1 — T g
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Table 3 Comparison of catalytic performance of different catalysts for NaBH, hydrolysis

Reaction condition

Catalyst Preparation method Mass fraction of  Mass fraction of HGE/ 4 Ed - Ref.
t°C (L'min -g ') (kJ'mol™)
NaBH,/% NaOH/%

Co-P/Cu Electroplating 30 10 1 0.95 n.d. [20]

Co/Cu Electroplating 30 10 1 0.05 n.d. [20]

Co-B/Silicon  Pulsed laser deposition 25 0.1 4 5.02 30 [21]

Co-Ni-P/Cu Electroplating 30 10 10 2.48 n.d. [22]

Co-W-P/Al,04 Electroless plating 45 4 10 11.82 49.6 [10]

Co-B/C Electroless plating 20 1 5 2.50 n.d. [15]

Co-P/Cu Electroless plating 30 5 1 1.65 47 [23]

Co-P/Cu Electroless plating 30 10 1 3.30 56 [24]
Co/AL)0O4 Electroless plating 20 2.5 5 4.93 n.d. This work
Co/AlL,04 Electroless plating 20 5 5 3.26 63.4 This work
Co/Al,04 Electroless plating 30 5 5 7.80 63.4 This work
Co/AL 04 Electroless plating 40 5 5 17.21 63.4 This work

n.d.: Not mentioned.
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Fig. 7 Recycling results for Co/Al,O;—2 catalyst
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Hydrogen production from hydrolysis of sodium borohydride using
electroless-deposited Co/Al,O; catalysts

WEI Lei, MA Mai-xia, JING Xue-min, LU Yan-hong, ZHANG Su-ling, LIANG Hong-lian, WANG Wen-qian

(College of Chemistry & Material Science, Langfang Teachers University, Langfang 065000, China)

Abstract: Commercial alumina balls were employed as support material, and metal cobalt was deposited on their surface
via electroless plating, resulting in a series of Co/Al,O; catalysts with different Co loadings. The prepared catalysts were
used for hydrogen production from the catalytic hydrolysis of alkaline sodium borohydride solution. In the present work,
effects of Co loading, NaBH,; concentration, reaction temperature and recycling times on the catalyst activity were
investigated. The surface morphology, element composition and phase structure of catalysts were analyzed by scanning
electron microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction (XRD), respectively. The results
show that the optimal Co loading is 0.46% (mass fraction); meanwhile, the 5%NaBH,+5%NaOH solution presents the
highest hydrogen generation rate up to 3.26 L/(min-g). The apparent activation energy is 64.4 kJ/mol. Compared with the
initial performance, the catalyst activity decreases to 72% after recycling for four times.

Key words: hydrogen production; Co catalyst; sodium borohydride; hydrolysis; electroless plating
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