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APPENDICES

Appendix A Gas Chromatography Calculation

Preparation of GC sample

The calculation is based on the calibration curve. Isopropanol is the solvent
for external standard. The volume of isopropanol is fixed at 0.5 ml. The assumption
of this calculation is the constant isopropanol volume. The reference area of
isopropanol is 500000. In addition, the injection of sample in gas chromatography is
1 pi. For the preparation of GC sample, the product sample was collected for 0.5 ml.
and then collected the product sample weight (grams) of 0.5 ml (sample product).
After that, isopropanol was added for external standard for 0.5 mI The combination
of produce sample and isopropanol made the GC sample for 1 ml (concentration
g/ml). Table A2 showed the product sample weights at different time.

Calculation of GC sample (Part I)

In this case, the 1:6 glycerol to acetone molar ratio sample at 4 hours was
selected for calculation. The area of isopropanol was 910381.8 and the area of
solketal was 161580 (Table A3). The area of solketal converted to the reference area

of isopropanol at 500000 by Equation L.

Solketal area af ref. — QI AE y o0 00anol area at ref, (1)

So the solketal area at ref. was 88742. Then, the solketal area was converted

to concentration by using the solketal calibration curve (Figure A1 and Equation 2).

*
€oncentration tmg—\) = e Solietal area at ref. AYXTO 6 (2)

The concentration was 0.0854 g/m . after that, the concentration was scaled
up to the total product mixture weight by Equation 3. In this case, total product
weight was 96.92 g (glycerol 20.75 g, acetone, 75.5 g and catalyst 0.67 g).

Solketal weight (g) = pCrBHﬁgrl .ﬁ{l%fﬁ x totalproduct weighting)  (3)

The last step calculated the conversion which based on limiting reactant

(glycerol) by Equation 4. The conversion of glycerol was 73.92%
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Conversion = goperal w, koD X GifkdoPudihirg) oty X 100 (4)
Table AL Solketal calibration curve
Solketal Concentration(pg/ml) Area
5% Vol. 67400 39895.16
10% Vol. 120800 104762.24
50% Vol. 545100 574981.74
Solketal Calibration curve
800000
y= 1.039X
600000 R2=0.99
‘ 400000
200000 ¢ Solketal Calicration curve
0<

0 100000200000300000400000500000600000
Concentration (ng/ml)

Figure AL Solketal Calibration curve.

Table A2 Sample weight of 1:6 glycerol to acetone molar ratio at different time
Expend drop weight(g) Drop + sample weight(g)  Sample weight(g)

2hr 1.0275 1.389 0.3615
4hr 0.973 1.3487 0.3757
6hr 0.979 1.342 0.363
8hr 1.0027 1.3635 0.3608
|Ohr 0.9927 1.3603 0.3676

12hr 0.9637 1.3394 0.3757
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Table A3 Area solketal of 1:6 glycerol to acetone molar ratio at different time

Isopropanol area Solketal area % Conversion
2hr 1201743 195150 70.29
4hr 910381.8 161580 73.92
6hr 1112272.7 225207.1 76.81
ghr 1166015 .4 216628 80.57
|Ohr 1218259 4 226200.7 79.04
12hr 959250.9 189475 82.27

Calculation of GC sample (Part 1)

In this part, there are two main assumptions. This calculation is based on
benzyl alcohol conversion only. For this assumption, the selectivity of products that
concerned in this calculation are benzyl solketal ether, benzyl glycerol ether and
dibenzyl ether. For the second assumption, the mass ratio of benzyl solketal ether to
benzyl glycerol ether equals to area ratio of benzyl solketal ether to benzyl glycerol

because of without compared standards as shown in Equation 5.

. y . Theweights of benzyl solketa] ether
Area ratio = mass ratio = ‘I‘Hé'W‘ei%hIdf benzy}iglycefoiﬁther ()

In this case, the 1:1 is the model for calculation the selectivity of the
products mixture. The benzyl alcohol calculation is following Part I (Equations 1 to
4) by changing solketal to benzyl alcohol as shown in Table A7. Dibenzyl ether is
also calculated by Equation 1to 3 by changing solketal to dibenzyl ether. The result
of dibenzyl ether is shown in Table As. Equation (6) shows the overall mole balance
based on benzyl alcohol conversion. In this case, the initial mole of benzyl alcohol is
fixed at 0.152 moles. There are two variable parameters which are Moles and Molbg-
The combination of Equation 6 and 7 can solve these parameters. The results are
reported in Table A9.

Molba, ~ M°Ibayr = M0IBS+ 2MolBG+ MolDB

M olba, Moles of starting benzyl alcohol

M olba,r Moles of remaining benzyl alcohol
Moles Moles of benzyl solketal ether

M o lbg Moles of benzyl glycerol ether

M oldb Moles of dibenzyl ether



. Benzvl olvcerol ether MY,
Molar ratio = area ratio x Benzyl%olketal gthirM (7)

After solved all parameters, the selecitivity of products are calculated by
Equation 8A to 8C. In addition, the results of the selectivity of products from benzyl

alcohol are represented in Table A 10.

%Selectivity of benzyl solketal ether =( I 1 - —) X 100 (8A)

%Selectivity of benzyl glycerol ether = WMOIES?WI%%?MOIDBQ x 100 (8B)
%Selectivity of dibenzyl ether = femctmes¥Bmrenibmpy X 100 (8¢}

Table A4 Benzyl alcohol calibration curve

Benzyl alcohol Concentration(pg/ml) Area
0% Vol. ¢ 0 5
10% Vol. 115400 187558.3841
30% Vol 321500 616686.8329

Benzyl alcohol calibration curve

800000
600000
400000
200000

0

y = 1.8847x
R?=0.99

Area

@ benzyl alcohol calibration
curve

0 100000 200000 300000 400000

Concentration (pg/ml)

Figure A2 Benzyl alcohol calibration curve.

Table A5 Dibenzyl ether calibration curve
Dibenzyl ether (% wt) Concentration(pg/ml) Area
54.63239 272614.37 759070.2345
76.7007 379432.247 982482.6254
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88.3845
94.43643

435817.3911
466280.5153

996660.0063
961815.5346

Dibenzyl ether calibration curve

1200000
1000000
800000

| 600000
< 400000
200000

0

y =2.4179x
R2=098 €

"+ 9Dibenzyl ether calibration
. curve

0 100000200000 300000400000 500000
Concentration (ng/ml)

Figure A3 Dibenzyl ether calibration curve,

Table A6 Sample weight of 1:1 solketal to benzyl alcohol at different time

Expend drop weight(g)  Drop + sample weight(g)  Sample weight(g)

2hr 0.95 1.4878 0.5378
4hr 0.9484 1.5018 0.5534
6hr 0.9933 1.5487 0.5554
8hr 0.9632 1.4726 0.5094
IOhr 1.0183 1.589 0.5707
12hr 1.0037 1.592 0.5883
12hr 0.9787 1.5276 0.5489

Table A7 Benzyl alcohol conversion

Isopropanol area Benzyl alcohol area Benzyl alcohol (mal) % Conversion

2hr 820428.5 312597.85 0.064640635 57.53534911
4hr 769935.45 167155.65 0.035822323 76.46708722
6hr 127210.05 1018513 0.023032579 84.86910884
ghr 911229.05 75735.6 0.014888003 90.21956009
IOhr 725277.15 59586.8 0.013149608 9136157109
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12 846859.6 58693.2 0.010856297 92.86812598

Table A8 Dibenzyl ether calculation

Isopropanol area  Dibenzyl ether area Dibenzyl ether (mol)

2 820428.5 269075.5 0.026028572
4 769935.45 274619.45 0.0275131

6 727210.05 2771345 0.029281022
8 911229.05 278253.35 0.025544552
10 725277.15 279121.5 0.028734741
12 846859.6 287350.5 0.025069063

Table A9 Benzyl solketal ether and benzyl glycerol ether calculation

M olbs and Mass Molar ratio  Benzyl glycerol  Benzyl solketal
M olbg ratio(BS/BG) (BS/BG) ether (mol) ether (mol)
2 0.0355 1.1390 0.9338 0.0184 0.0172
4 0.0614 0.7111 0.5830 0.0388 0.0226
6 0.0706 05189 0.4254 0.0496 0:0211
8 0.0862 0.4159 0.3410 0.0643 0.0219
10 0.0816 0.2992 0.2453 0.0655 0.0161
12 0.0912 0.4002 0.3281 0.0687 0.0225

Table A10 The selectivity of benzyl solketal ether, benzyl glycerol ether and
dibenzyl ether
% Selectivity BS % Selectivity BG % Selectivity DB

2 19.5863 20.9753 59.4385
4 19.4175 33.3091 47.2734
b 16.3149 38.3548 45.3303
8 15.9675 46.8319 37.2006
10 11.5588 47.1179 41.3234

12 15.9435 48.5896 35.4669
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Figure B1 FT-IR spectra of glycerol.
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Figure B2 FT-IR spectra of acetone.
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Figure B3 FT-IR spectra of benzyl alcohol.



67

CURRICULUM VITAE

Name: Mr. Narinthom Suriyaprapadilok
Date of Birth: December 10, 1986
Nationality: Thai

University Education:

2005-2009 Bachelor Degree of Chemical Engineering, Faculty of

Engineering, Chulalongkom University, Bangkok, Thailand

Work Experience:

2008 Position: Trainee (2 months)
Company name: Unilever Thai Holding Ltd.

Proceedings:

1. Suriyaprapadilok, N. and Kitiyanan, B. (2011, April 26) Production of solketal
from glycerol: Effect of water removal and its use in preparation of benzyl
solketal ether. Proceeding of the 2nd Research Symposium on Petroleum,
Petrochemical, and Advanced Materials and 17thPPC Symposium on Petroleum,
Petrochemical, and Polymers. Bangkok, Thailand.

Presentations:

1. Suriyaprapadilok, N. and Kitiyanan, B. (2011, March 31) Production of solketal
from glycerol: Effect of water removal and its use in preparation of benzyl
solketal ether. Paper presented at the TRF-MASTER Research Congress V,
Chonburi, Thailand.



	REFERENCES
	APPENDICES
	Appendix A Gas Chromatography Calculation
	Appendix B FT-IR Spectra for Characteriazation of Reactants

	CURRICULUM VITAE

