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APPENDICES
Appendix A The Catalytic Activity, 1,3-Butadiene Selectivity and 1-Butene Selectivity of Pd Catalysts
Table A1 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of 0.1% Pd catalyst

Reaction time (h) 0.5 1 15 2 2.5 3 35 4 45

Reaction time>wt of catalystwt oo 014 021 028 035 042 049 056 063
of fed vinylacetylene (h)

Vinylacetylene conversion (%) 980 1999 30.66 43.94 5588 6707 7824 87.94 100
1,3-Butadiene selectivity (%) 4161 4885 49.10 5011 4623 4314 3443 2438 887
1-Butene selectivity (%) 3291 2820 2984 3146 3317 3412 3818 4206 48.09

Table A2 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of 0.3% Pd catalyst

Reaction time (h) 0.5 1 5 2 25 3 35 4 45

Reaction timeowt of cateystt o6 015 017 023 029 0% 04 047 052
of fed vinylacetylene (h)

Vinylacetylene conversion (%) 746 1864 2928 4341 5675 68.20 8035 89.39 100
1,3-Butadiene selectivity (%) 8593 67.18 7397 67.00 5915 60.79 4530 3494 1573
1-Butene selectivity (%) 2191 2531 2387 2712 3021 3019 3712 4182 4951



Table A3 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of 0.5% Pd catalyst

Reaction time (h) 0.5 1 15 2 2.5 3 3 4

Reaction times t of catalyst/wt
of fed vinylacetylene (h) 006 012 018 024 030 036 041 047

Vinylacetylene conversion (%)  11.03 2539 3621 50.10 63.86 76.77 88.03 100
1,3-Butadiene selectivity (%) 56.78 4990 56.19 51.98 4590 4257 2595 1462
1-Butene selectivity (%) 26.68 2797 2991 3135 3556 37.30 4699 47.32

Table A4 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of 0.7% Pd catalyst

Reaction time (h) 0.5 115 2 25 33 4

Reaction times  t of catalyst/wt
of fed vinylacetylene (h) 006 012 018 023 029 03 041 047

Vinylacetylene conversion (%) 1157 2582 4038 5551 71.18 8431 9368 100

1,3-Butadiene selectivity (%) 63.94 5863 5433 5124 4482 3460 2045 -3.56
1-Butene selectivity (%) 21322690 2983 3209 3552 4100 4787 52.89



Table A5 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of 1.0% Pd catalyst

Reaction time () 0.5 115 2 25 3
Reaction time»wt of catalyst/wt 007 014 021 029 036 043
of fed vinylacetylene (h)

Vinylacetylene conversion (%) 1826 3772 57.73 7793 9219 100
1,3-Butadiene selectivity (%) 4753 4719 4294 3198 1144 -19.96
1-Butene selectivity (%) 3047 3372 3659 4223 5303 49.75

3



Appendix B The Catalytic Activity, 1,3-Butadiene Selectivity and 1-Butene Selectivity of Pd-Cu Catalysts
Table BL The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio 0f 0.25

Reaction time (h) 05 1 15 2 25 3 3.5 4 45 5 55 6 6.5 7
Reaction time-wt of
Pd/Wt Of fEd Oml 0.0003 0.0005 0.00061 0.00077 0.00092 0.00107 0.00123 0.00138 0.00153 0.00169 0.00184 0.00199 0,00215
vinylacetylene (h)
élollqgle?,glegw%% 452 10.27 16.35 23.01 29.75 37.30 44.88 52.56 60.14 67.56 74.72 81.40 87.51 93.19
gé?égﬁ?\}?t?lle(g/g) 52.44 47.64 52.77 51.91 50.40 49.23 47.84 46.18 44.61 42.49 39.55 36.48 32.22 26.23
1-Butene selectivity

29.24 27.77 30.11 30.35 31.62 31.78 32.30 33.08 33.71 34.81 36.36 38.02 40.14 43.05

(%

)

Table B2 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 0.50

Reaction time (h) 0.5 1 1.5 2 25 3 3.5 4 4.5

React_ion timewt of Pd/wt of 0.00021 0.00043  0.00064  0.00086 0.00107 0.00128 0.0015 0.00171 0.00193
fed vinylacetylene (h)

Vinylacetylene conversion (%) 6.95 18.53 31.11 43.31 56.05 68.30 79.64 89.47 96.14
1,3-Butadiene selectivity (%) 76.18 53.01 52.26 50.89 47.03 43.40 39.07 29.94 17.60
1-Butene selectivity (%) 21.92 28.09 28.63 29.54 31.91 34.06 36.47 41.52 47.78

39

7.5 8

0.0023 0.00245

96.84 ].(D

17.63 8.52

47.41 50.35

5

0.00214

100
-8.86
54.79



Table B3 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 1.0

Reaction time (h)

Reaction time*wt of Pd/wt of

fed vinylacetylene (h)

0.0002

Vinylacetylene conversion (%)

1,3-Butadiene selectivity (%)

1-Butene selectivity (%)

43.67
30.37

0.0004 0.0005 0.0007 0.0009
27.42 41.27 56.06 70.86
41.38 45.15 42.96 36.47
30.24 31.80 33.52 37.77

83.56
30.28
41.50

0.0011

0.0013

4

0.0015

100
-6.78
55.77

Table B4 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 15

Reaction time (h)

Reaction time»wt of Pd/wt of
fed vinylacetylene (h)

Vinylacetylene conversion (%)
1,3-Butadiene selectivity (%)
1-Butene selectivity (%)

05
0.0001

9.29
53.85
27.93

1

0.0003

21.03
53.88
28.19

1.5

0.0004

34.88
50.11
30.07

2

0.0006

49.99
45.36
32.52

2.5

0.0007

64.10
43.58
33.68

3

0.0008

77.81
37.84
37.03

3.5
0.001

89.51
28.45
42.12

4
0.0011

97.04
11.19
50.48

4.5
0.0012

100
-25.98
53.62

40
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Table B5 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 2.0

Reaction time (h) 05 1 1.5 2 2.5 3 3.5 4 4.5 5
Reaction time*wt of Pd/wtoffed 4 005 0004 00005 00007 00009 00011 00012 0.0014 0.0016 0.00i8
vinylacetylene (h)

Vinylacetylene conversion (%) 9.35 21.08 33.12 4565 5780 70.0l 80.98 90.23  96.43 100
1,3-Butadiene selectivity (%) 5752 50.35 4785 4597 44.00 39.29 34.24 24385 10.08 -11.81
1-Butene selectivity (%) 2545 29.03 30.67 3196 33.10 3582 38.67 4358 50.39 52.26
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Appendix ¢ The Catalytic Activity, 1,3-Butadiene Selectivity and 1-Butene Selectivity of Pd-Cu Catalysts with Pd/Cu Ratio of
1.5 at Various Reaction Temperature

Table Cl The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 1.5 at 27 °c and
4.5 har Hz

Reaction time (h) 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Reaction timeswt of Pdiwt of o 0100 1004 00006 00008 0.001 00012 0004 00016 00018 0002 00022
fed vinylacetylene (h)

Vinylacetylene conversion (%) 9.25 20.03 32.77 4291 5402 64.43 74.12 82.66 89.79 954! 100
1,3-Butadiene selectivity (%) 43.16  48.17 51.27  49.10 47.34 4274 38.87 31.31 21.70 6.69 -15.16
1-Butene selectivity (%) 28.63 29.85 28.88 30.84 3224 3554 3792 4253 4725 5471 56.64

Tabt!e C2 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 1.5 at 35 °C and
4.5 bar H2

Reaction time (h) 0.5 1 15 2 2.5 3 3.5 4 4.5 5
React_ion time»wt of Pd/wt of 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0013 0.0015 0.0017 0.0019
fed vinylacetylene (h)

Vinylacetylene conversion (%) 11.51 24.42 37.70 50.85 6358 75.26 8528 93.00 98.04 100
1,3-Butadiene selectivity (%) 5246  50.68 49.99 47.29 4283 37.32 27.88 13.70 -7.68 -43.72
1-Butene selectivity (%) 28.08 29.50 30.23 32.10 34.70 38.03 43.04 50.25 55.95 55.07



Tabt!e C3 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 1.5 at 43 °c and
45 har 2
Reaction time (h) 0.5 1 1.5 2 2.5 3 3.5 4

Reaction time»wt of Pd/wt of

. 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0013 0.0015
fed vinylacetylene (h)

Vinylacetylene conversion (%) 14.17 2968 46.2L 6157 75.11 87.78 96.12 100
1,3-Butadiene selectivity (%) 53.51 51.45 47.17 43.31 36.69 26.01 7.12 -23.95
1-Butene selectivity (%) 28.15 29.52 31.29 33.50 37.86 43.14 52.13 54.54
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Appendix D The Catalytic Activity, 1,3-Butadiene Selectivity and 1-Butene Selectivity of Pd-Cu Catalysts with Pd/Cu Ratio of
15 under Various - Pressure

g%bge D1 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 15 at 35 °C and
Shar 2

Reaction time () 05 1+ 15 2 25 3 35 4 45 5 55 6 65

Reaction time*wt of PAWEOT g 0000 00004 0.0005 00007 00009 ooors 00012 00014 00016 00018 0002 00021 00023

fed vinylacetylene (h)
Vinylacetylene conversion (%) 8014 167  26.08 3572 4514 5471 6373 7258 8047 8755 9322 9723 100

1,3-Butadiene selectivity (%) 56.82  55.97 53.77 5231 5032 4814 456 4265 3823 3175 2265 9497 -0.94
1-Butene selectivity (%) 2124 2749 28 2909 2081 3103 3246 3443 3677 404 4519 5L74 5627

Tabge D2 The catalytic activity, 1,3-butadiene selectivity and 1-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 15 at 35 °c and
4.5 bar H2

Reaction time (h)

Reaction time»wt of Pd/wt of
eaction time»wt o ° 0.0002 0.0004 00006 00008 0001 00012 0.00i13 0.00i5 0.0017 0.0019
fed vinylacetylene (h)

05 1 1.5 2 2.5 3 3.5 4 4.5 5

Vinylacetylene conversion (%) 11.51 2442 377 50.85 63.58 75.26  85.28 93 98.04 100
1,3-Butadiene selectivity (%) 52.46 50.68 49.99 4729 4283 37.32 27.88 13.7 -7.68 -43.7
1-Butene selectivity (%) 28.08 29.5 30.23 32.1 34.7 38.03 43.04 50.25 55.95 55.07
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Table D3 The catalytic activity, 1,3-butadiene selectivity and I-butene selectivity of Pd-Cu catalyst with Pd/Cu ratio of 15 at 35 °c and

5.5 bar H

Reaction time () 05 1 15 2 25 3 35 4
Reaction time*wt of Pd/wtof 00002 0004 0.000s 00007 00009 00011 00012 o0.0014
fed vinylacetylene (h)

Vinylacetylene conversion (%) 1507 3223 4893 6485 7878 89.87 9719 100
1,3-Butadiene selectivity (%) 53.22 4849 4536 3927 2789 112 145 827
1-Butene selectivity (%) 2901 3354 34.83 382 444 524 565 425
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