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Table 1 Results of uniform design and experiments
- 0 3 olv 0 et Stirri ~ 5 S electivi
No. T/K P/MPa w(Cat.)/ % o (Solvent )/4 Reaction Stirring B (Junverslf)n of Selectivity/
(Based on rosin)  (Based on solution)  time/ min rate/ (r°min_ ") abietic acid/ %4 %
1 413 2.5 4.0 60 90 660 94.0 98.2
2 423 3.5 5.5 60 50 620 97.2 97. 4
3 433 4.5 7.0 55 120 580 99.7 96.7
4 443 5.5 3.0 55 80 540 97.6 96. 3
5 453 6.5 4.5 50 40 500 96.9 95.7
6 413 2.0 6.0 50 110 460 95.1 98.3
7 423 3.0 7.5 45 70 420 97. 4 97.6
8 433 4.0 3.5 45 30 380 90. 2 96.5
9 443 5.0 5.0 40 100 340 97. 4 96. 2
10 453 6.0 6.5 40 60 300 99.3 95.1
2.2
- ’ ’
9
b b b
2 3,
2
Table 2 Concentration change of abietic acid with reaction time, temperature and pressure
¢(A)/ (mol°L™H
Time/min P=5MPa T=423K
T\ =423 K T,=433 K T3=443 K T,=453K P =4 MPa Pi=5MPa P, =6MPa P=7MPa
0 0.999 6 0.999 5 0.999 4 0.991 2 1.091 1 1.091 1 1.091 1 1.091 1
5 0.996 3 0.991 9 0.927 5 0.8513 1. 068 6 1.036 8 1.011 2 0.978 8
10 0.944 6 0.889 8 0.806 9 0. 667 0.98 1 0.944 6 0.949 2 0.8727
20 0.858 1 0.773 9 0. 605 0.3653 0.900 7 0.858 1 0.826 3 0.7252
30 0.767 1 0. 654 7 0.460 5 0.229 0. 81 8 0.767 1 0.730 8 0.6187
40 0. 698 2 0.545 3 0.352 1 0. 156 0.758 5 0. 698 2 0.634 5 0. 449
60 0.5542 0.397 4 0.224 3 0.0845 0. 656 2 0.554 2 0.479 7 0.3419
80 0.4344 0.278 5 0.157 8 0.0569 0.535 1 0.434 4 0.360 6 0.2342
100 0. 336 0.202 1 0.108 5 0.0473 0.47 6 0. 336 0.284 7 0.1522
3
Table 3 Reaction velocity of abietic acid at different reaction time, temperature and pressure
7/ (mol°L™"*min" ")
Time/min P=5MPa T=423K
T=#3K T,=43K T,=443K T,=453K P=4MPa P=5MPa P =6MPa P =7MPa
0 0. 009 0.014 0.020 5 0.026 6 0. 009 2 0.011 0.012 8 0.016 8
5 0.008 8 0.013 4 0.019 5 0.024 6 0. 008 9 0.010 6 0.012 3 0.016
10 0. 008 6 0.012 8 0.018 5 0.022 6 0.008 6 0.010 2 0.011 8 0.0152
20 0. 008 2 0.011 6 0.016 5 0.018 6 0. 008 0.009 4 0.010 8 0.0136
30 0.007 8 0.010 4 0.014 5 0.014 6 0.007 4 0.008 6 0.009 8 0.012
40 0.007 4 0. 009 2 0.012 5 0.0106 0. 006 8 0.007 8 0. 008 8 0.0104
60 0. 006 6 0. 006 8 0.008 5 0.002 6 0.005 6 0. 006 2 0. 006 8 0.007 2
80 0.005 8 0.004 4 0.004 5 0.001 0 0.004 4 0.004 6 0.004 8 0.005 1
100 0. 005 0. 002 0. 000 5 0. 000 4 0.003 2 0.003 4 0.003 8 0.004 3
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Table 4 Standard error and R value in two kinetics models at different temperature
K Standard error R square
Model 9 Model 12 Model 9 Model 12
423 0.393 6 21.4040 0.969 2 0.849 1
433 0.769 1 33.7990 0.958 8 0.670 4
443 0.554 5 23.6763 0.946 2 0.687 6
453 0.732 4 29.273 3 0.954 0 0.562 2
2.4
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Table 5 Results of hydrogenation reaction carried out by melting method and solvent process
Reaction system Reaction time/ min Conversion of abietic acid/ % Seletivity/ %4
Melt rosin(melting method) 100 74.7 95.5
50%rosin solution(solvent process) 100 99. 8 96. 4
500 99.7 96.2
1 000 99. 4 95.6

Catalyst: Rancy-Ni. As stated by GB/ 14020-92, the conversion of abietic acid must be™> 96. 38%.
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Mechanism of Hydrogenation Reaction of Rosin
over Raney Nickel Catalyst

CHEN Xiao-Peng® ", LI Li*Mingb, WANG Lin-Lin“s YANG Cheng-Li°, DUAN Wen-Gui
(“College of Chemistry and Chem ical-Engineering; "Business College, Guangxi Universitys Nanning 530004;

“Institute of Process Engineering, Chinese Academy of Sciences, Beijing)

Abstract The mechanism of catalytic hy drogenation of rosin over Raney-nickel catalyst has been studied
using 2007 gasoline as a solvent. The optimal processing conditions for hydrogenation of rosin have been
attained by the uniform design experiments as follows, temperature 443 K, pressure 5.0 MPa, catalyst
content 5. 0% (based on r1osin), solvent content 50% (based on solution), reaction time 100 min, stirring
rate 600 1/ min, and the conditions for kinetics experiment were then obtained. The relation between reac-
tant concentration and reaction time was traced on line, and the parameters have been regressed by using E-
VIEWS. Based on the experiment results, a suitable reaction model has been deduced from Hougen-Warson
17 reaction mechanism models. It appeared that a reaction occurrs between abietic acid molecules and hy -
drogen atom adsorbed on the catalyst surface, and the dissociation adsorption of hydrogen could be the con-
trolling step, and the reaction rate is proportional to the pressure of hydrogen and inversely proportional to
the square of product concentration. Comparisons undertaken between melting method and solvent process
showed that the hydrogenation reaction rate of the solvent process is greater than that of the melting
method.

Keywords rosin, catalytic hy drogenation, reaction mechanism, hydrogenated rosin



