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APPENDICES

Appendix A The glycerol conversion, diglycerol selectivity and diglycerol yield
of the studied catalysts

In this study, the catalytic activities of some heterogeneous catalysts were
compared with homogeneous catalyst in terms of total glycerol conversion, diglycerol
selectivity, and diglycerol yield. The representative of homogeneous catalysts was
Na2C 03 while the heterogeneous catalysts were MgO, Ca0, BaO SrO and Zr02 The
reaction temperature was fixed at 240°c and 2.0 wt% of catalyst.

Table AL The glycerol conversion, diglycerol selectivity and diglycerol .yield when
studied the effect of catalyst types

Time (h No Catalyst |
me 1) g, Glycerol Conversion % Diglycerol Selectiviy D) Ile)rgerol
1.0 0.08 0.00 . 0.00
2.0 0.1/ 0.00 0.00
3.0 1.62 0.00 0.00
40 241 0.00 0.00
50 3.12 0.00 0.00
Time (1 Na2C0s3
s . . ) '
me (s 9% Glycerol Conversion % Diglycerol Selectivity D\lﬁé)(gerol
1.0 42,14 36.20 15.26
2.0 55.59 35.16 1955
3.0 84.77 21.88 18.55
40 85.08 2013 1713

5.0 89.83 20.29 18.22
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0.66
421
6.57
1041
1339

% Glycerol Conversion % Diglycerol Selectivity & D%Yge“"

1.36
1346
38.07
4781
4337
4191
38.37

% Glycerol Conversion % Diglycerol Selectivity " D\i(?Ingerol

32.07
33.96
31.94
20.98

| MgO .
Time (hrs) Glycerol Conversion % Diglycerol Selectivity DHIngerol
L 217 2,68
s 31.49 1336
30 3,73 18.39
10 4724 2,04
50 61.12 2191
| Ca0
Time (hrs)
03 1072 1272
05 3,73 36,64
1 5490 0334
o 6797 7034
30 6447 b1.27
40 66.13 6337
50 7197 2331
| 30
Time (hrs)
Lo 4545 7057
o 5753 2902
30 67.63 413
40 8081 2597
50 8293 25,04

20.76
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Ba0
Time 1 - y |
me () Glycerol Conversion % Diglycerol Selectivity @ Dﬁlngerol
03 7144 64.47 4.80
05 1355 88.90 12.06
1.0 30.59 94.27 28.84
2.0 45.95 81.18 37.30
3.0 5281 13.06 38.58
40 54,94 56.63 3111
50 81.87 21.95 1797
Tie (1 Zr02
me (hrs . . N -
me (s 9% Glycerol Conversion % Diglycerol Selectivity % D%Yé:erol
6.0 9.72 48.32 4.70
8.0 28.24 58.93 16.64
10.0 4483 55.43 24.85
12.0 62.25 41.30 2571

Table A2 The glycerol conversion, diglycerol selectivity and diglycerol yield when
studied the effect of catalyst concentration

Amount of catalyst Ca0
% Glycerol % Diglycerol % Di
(wt %) CoonGv%/?selgn Sele(‘cl:t)(\?iety0 " D\I(%Yg o
05 32.59 02,73 17.18
1.0 55.13 64.57 35.60
2.0 6153 55.62 34.22
40 64.10 4327 21.74

6.0 64.79 41.05 26.60
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Amount of catalyst Ba0 |
(wt %) % Glycerol Conversion % Diglycerol Selectivity D\l(%)(gerol
05 23.35 71,03 17.99
1.0 30.59 94,21 28.84
2.0 3532 78.93 21.88
4.0 40.45 61.09 24.71
6.0 44,54 52.32 2331

Table A3 The glycerol conversion, diglycerol selectivity and diglycerol yield when
studied the effect of reaction temperature

Reaction Temperature Ca0
(°C) 9% Glycerol Conversion % Diglycerol Selectivity D\'ﬁlngem'
220.0 25.67 3174 8.15
230.0 34.34 45.23 1553
240.0 55.06 05.25 3592
250.0 62.03 hL1l 3L.70
260.0 67.79 31.53 2137

Reaction Temperature Ba0
(C) 9% Glycerol Conversion % Diglycerol Selectivity D\l(glleg(gerol
220.0 16.19 35.85 581
230.0 2311 51,71 13.33
240.0 32.98 81.31 26.81
250.0 43.46 58.17 25.28

260.0 61.42 29.71 1825



Appendix B The BET surface area of the studied catalysts

Table BL The BET surface area of MgO
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Table B2 The BET surface area of Ca0
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Table B3 The BET surface area of SrO
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Table B4 The BET surface area of BaO
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Table BS The BET surface area of Zr02
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Appendix C The XRD of the studied catalysts

: RINI

: 01-Apr-0B 09.22 operator

Date

Qualitative analysis (Verification)

: Oekdee.1708

File
Neap

: CaORl
: 01/4/08

Sanpie
Coaaent

Figure CI The X-Ray Diffraction spectrum of Ca0
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Figure C2 The X-Ray Diffraction spectrum of SrO
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Figure C3 The X-Ray Diffraction spectrum of BaO
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Appendix D The number of basic sites of the studied catalysts obtained from
TPD

Catalysts number of basic sites

(pmol/g)
MgO 26.70
Ca0 18.70
Sr0 11.00
BaO 5.39

Zr02 6.20
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