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Table 1 Catalytic activity and selectivity of various copper catalysts under

the optimum hydration reaction conditions *

Hydration reaction conditions Conversion of acrylonitrile Selectivity of
Catalyst Poly-degree of PVP .
t/h Temperature/ °C per mole Cu( mol) acrylamide( % )

Raney coppcr[ﬁ] Common cooled Rapidly 70 £0.5 0.410 <99.95
quenched Spray 2 0. 456
0. 464

Colloidal copper 6 340 2 80 12.48 100. 00
prepared by 3240 15.24
Hirai ! 1 440 16.38
360 14.58
90 4.50

Colloidal copper 270 2 40 9.06 100. 00
prepared by the 50 11.82
method in this 60 14. 88
paper * 70 17.76
80 20.52
90 23.94

# Reaction conditions: ¢(Cu®*) =4 x 10 > mol/L, ¢(NaOH) =8 x 10 ~* mol/L, ¢(N,H,) =4 x 10~ mol/L, n(PVP monomer)/
n(Cu) =40.
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Table 2 The influence of E, on c, of several metals™’

Metal 108 Ey/] c,

Cu 0.17 2.0x107"
Au 0.15 3.6x10°1
Pt 0.24 7.8 x10 71
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Table 3 Crystal structure and physical properties of copper

Crystal type Solid density(293 K)/(kg + dm ™) Melting point/K  Boiling point/K Mohs hardness( hardness of diamond is 10)

Face-centered cubic 8.93 1357 2 868 3
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Table 4 Feature length of nanometal crystal particles with slip grain boundary!”’

Parameter GV /GPa b/nm 10 o,/GPa I/nm( Sphere) I/nm( Cylinder)
Cu 33 0.256 1.67 38 24
Al 28 0. 286 6.56 18 11
Ni 95 0.249 8.7 16 10
a-Fe 85 0.248 45.5 3 2
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High Selectivity and Structure of Active Centre of Copper Colloidal
Catalyst in Selective Hydration of Acrylonitrile to Acrylamide

SUN Dao-Xing'?, XIA Shu-Wei', XIA Shao-Wu®*
(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266003, China;
2. College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract The relationship between the high selectivity of catalysis and the structure of active centre of copper
colloidal catalyst in selective hydration of acrylonitrile to acrylamide was studied. Colloidal copper particles
were prepared by reducing copper( II ) chloride solution with the mixed solution of hydrazine hydrate and sodi-
um hydroxide in the presence of stabilizer polyvinyl pyrrolidone( PVP). The copper colloids stabilized by PVP
were used as the catalyst in selective hydration of acrylonitrile to acrylamide with a selectivity of 100% . There-
fore, the character of colloidal copper catalyst is its high selectivity. According to the properties of defects on
the surface of colloidal copper particles, the reasons of the high selectivity are analyzed: (1) The type of the
active centre is singled. According to the theories of defect and experimental results, it is shown that the active
centre of metal copper is not point defect, but the end point of dislocation. (2) The structure of the active
centre is stable. The experimental results show that the colloidal copper particle have mechanical properties of
high hardness and high strength, which keep the structure of active centre stability. Meanwhile, the size of the
colloidal particles is 45 nm longer than that of particles, dislocation of which can exist stably. So the disloca-
tion can exist stably on the colloidal copper particles. This further ensures the stability of the structure active
centre. We also propose the view point that a proper size space is needed for active centre existing stably on
the surface of the catalyst. This explains the reason that colloidal catalyst particles under a certain size will
lose its catalytic activity.
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