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Appendix B

Temperature Controller Response

Controller Specification

Model : LFE 4842

Type : PID

Unit : °C

Time : hr, min

Cycle Time : 15 sec

Proportional Band : It or 6°C

Operating Range : 0 to 400°C

Input Thermocouple : type J

Readout Resolution : 1°C

Set Point Resolution : 1°C

Control Output 1 : 15 amp

Control Output 2 : 0.15 amp

Note : Output 1 drives the heater. Output 2 activates

solenoid valve for cooling loop.

Condition

Medium : 200 mL distilled water

Mixing Speed : 170 rpm

Pressure : 30 psi

Heater Setting : HIGH

Set Point Temperature (SP): 80, 100, 120 and 140°C

Reset set point time : after 10 min.
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Observation Data

Table B-1 Temperature controller calibration data

Time

(min)

Avg. Temp (°C)

SP=80°C SP=100°C SP=120°C SP=140°C

0 30.0 30.0 30.0 30.0

2 30.0 30.0 30.0 30.0

4 30.0 30.0 30.0 30.0

6 30.0 30.0 30.0 30.0

8 30.0 30.0 30.0 30.0

10 * 30.0 30.0 30.0 30.0

12 30.0 30.0 30.0 30.0

14 37.0 36.0 37.0 38.0

16 53.5 53.5 52.5 53.0

18 82.0 82.0 83.0 82.5

20 82.0 94.5 91.5 92.5

22 81.5 101.0 100.5 101.5

24 80.5 100.0 109.0 108.0

26 80.0 100.0 118.5 114.0

28 80.0 99.5 121.0 120.5

30 81.0 99.5 120.0 132.0

32 80.0 100.5 120.5 140.0

34 80.0 100.0 119.0 140.0

36 79.5 100.0 119.5 140.0

38 80.0 100.0 120.0 139.5

40 80.0 100.5 120.0 139.0

42 81.0 100.0 120.0 140.0

44 81.0 100.0 120.0 140.0

46 80.0 100.5 120.0 140.0

48 80.0 100.0 120.0 140.0

50 80.0 100.0 120.0 140.0
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Appendix C

HPLC Calibration

Sugar analysis

Column: BIO RAD HPX 87-P

Temperature: 85°C

Eluant: HPLC grade water

Eluant flowrate: 0.6 mL/min

RI detector range: 4x

Sample loop: 20 AL

Glucose

Table C-1 HPLC calibration data of D-glucose.

Concentration Mass in Chromatogram

(mg/mL) Sample loop Retention Time Peak Area

(Ag) (min) (AV.sec)

10.01 200.26 12.72 2428277.00

25.03 500.66 12.72 6253010.50

50.07 1001.32 12.78 13181573.00

75.10 1501.98 12.83 18368171.50

100.13 2002.64 12.88 23476238.50

Response Factor, RF (AV.sec/Ag): 12092.59

Standard error of RF: 242.75

r2: 0.99
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Fructose

Table C-2 HPLC calibration data of D-fructose.

Concentration Mass in Chromatogram

(mg/mL) Sample loop Retention Time Peak Area

(Ag) (min) (AV.sec)

10.01 200.12 16.94 2202486.50

25.02 500.30 16.91 5418955.50

50.04 1000.60 16.91 11262475.50

75.05 1500.90 16.94 15875779.50

100.06 2001.20 16.96 22491200.00

Response Factor, RF (AV.sec /µg): 11029.00

Standard error of RF: 151.91

r2: 0.99

myo-Inositol

Table C-3 HPLC calibration data of myo-inositol.

Concentration Mass in

(mg/mL) Sample loop

(Ag)

Chromatogram

Retention Time Peak Area

(min) (AV.sec)

10.50 200.16 21.10 2802859.00

25.02 500.42 20.81 7046869.00

50.04 1000.84 20.46 14615584.50

75.06 1501.26 20.30 20590050.50

100.08 2001.68 20.16 27961182.50

Response Factor, RF (AV.sec /µg): 13981.59

Standard error of RF: 134.97

r2: 0.99
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Oxygenated hydrocarbon analysis

Column: BIO RAD HPX 87-H

Temperature: 65°C

Eluant: 0.005 M H2SO4

Eluant flowrate: 0.6 mL/min

UV/VIS detector wavelength: 210 nm

Sample loop: 20 AL

Levulinic acid

Table C-4 HPLC calibration data of levulinic acid.

Concentration

(mg/mL)

Mass in

Sample loop

(Ag)

Chromatogram

Retention Time Peak Area

(min) (iV.sec)

5.01 100.15 15.46 3861458.50

5.08 101.67 15.49 2508583.50

5.01 100.15 15.53 2479639.50

5.08 101.67 15.54 2855127.50

10.02 200.30 15.48 4855697.00

10.02 200.30 15.52 5812912.00

10.17 203.34 15.52 4717899.00

10.17 203.34 15.50 5879250.00

15.02 300.45 15.49 7174888.00

15.25 305.01 15.50 6987487.00

15.02 300.45 15.52 7300928.00

15.25 305.01 15.48 7523587.00

20.03 400.60 15.47 9420472.00

20.33 400.68 15.46 9895582.00

20.33 400.68 15.46 11358495.50

20.03 400.60 15.50 13745538.50

Response Factor ,RF (AV.sec/Ag): 26322.91

Standard error of RF: 976.01

r2: 0.89
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Formic acid

Table C-5 HPLC calibration data of formic acid.

Concentration Mass in

(mg/mL) Sample loop

(Ag)

Chromatogram

Retention Time Peak Area

(min) (AV.sec)

0.85 16.94 13.53 1371541.50

1.02 20.32 13.50 1915729.00

1.27 25.40 13.50 2037373.00

1.69 33.86 13.53 2772040.00

Response Factor, RF (AV.sec /µg): 83391.51

Standard error of RF: 2828.78

r2: 0.94

a-Angelicalactone

Table C-6 HPLC calibration of a-angelicalactone.

Concentration Mass in Chromatogram

(mg/mL) Sample loop Retention Time Peak Area

(Ag) (min) (AV.sec)

0.50 9.98 17.47 418863.50

0.60 11.98 17.49 479636.00

0.75 14.98 17.50 625615.00

1.00 19.96 17.48 1016158.00

Response Factor, RF (AV.sec /µg): 45706.22

Standard error of RF: 2795.59

r2: 0.91
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HMF

Table C-7 HPLC calibration data of HMF.

Concentration

(mg/mL)

Mass in

Sample loop

(Ag)

Chromatogram

Retention Time Peak Area

(min) (AV.sec)

0.25 5.05 29.31 11362338.00

0.25 5.05 29.30 7500733.00

0.25 5.05 29.33 7424180.00

0.25 5.05 29.34 8577825.50

0.51 10.10 29.28 12969425.00

0.51 10.10 29.28 17243959.50

0.50 10.04 29.29 14067102.00

0.50 10.04 29.32 17545501.50

0.76 15.15 29.28 21210713.00

0.75 15.06 29.28 20770564.50

0.76 15.15 29.23 21672842.00

0.75 15.06 29.28 22428863.00

1.01 20.20 29.29 27766873.00

1.00 20.08 29.28 29323139.50

1.00 20.08 29.26 32026006.50

1.01 20.20 29.23 40435824.50

Response Factor, RF (AV.sec/Ag): 1547573.08

Standard error of RF: 56377.46

r2: 0.89
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Butyric aid

Table C-8 HPLC calibration data of butyric acid.

Concentration Mass in

(mg/mL) Sample loop

(Ag)

Chromatogram

Retention Time Peak Area

(min) (AV.sec)

0.60 12.09 21.04 747806.00

0.54 10.78 21.09 454288.00

0.60 12.09 20.99 481832.00

0.54 10.78 21.04 518809.50

1.21 24.18 21.02 936081.00

1.21 24.18 21.07 1143925.00

1.08 21.56 21.04 868374.00

1.08 21.56 21.02 1080649.00

1.81 36.27 21.02 1418645.50

1.62 32.34 21.07 1316061.00

1.81 36.27 20.96 1436822.00

1.62 32.34 21.02 1427084.50

2.42 48.36 21.02 1878545.50

2.16 43.12 21.04 1859955.00

2.16 43.12 21.02 2048393.50

2.42 48.36 21.02 2785723.00

Response Factor, RF (AV.sec/Ag): 44722.31

Standard error of RF: 1693.49

r2: 0.89
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Appendix D

Calculation Example

(1) Component Weight in Sample

Al RFs
NI1 = x x Ms

As RF1

(2) Weight and % Weight in Reactor

(D-1)

=
1

x 100 (D-2)
1000 x S

M1

Wt
1000 x S

(3) Conversion

MT (D-3)

If component 1 is glucose, conversion can be obtained by

(4) Yield

Wt1 Wt1
X = (D-4)

Wti

Mi x MW
x 100 (D-5)

1000 x S x MW1 M9

(5) Reaction Rate Constant

X = 1 exp(-ksw t) (D-6)

1

ln = kapp t (D-7)
1-X



Least square fit between In (1/1-X) and t to find

coefficient of t as kapp

(6) Activation Energy

k = 1(0 e- EAT
app

or In kapp = in ko E/RT

Least square fit between In kapp v.s. 1/T to find

coefficient of 1/T as -E/R and

intercept as In ko

(7) Acid Content

N=

N
R

=

NNaOH
X V

x
St

N x M . x M W

PS

1000 x ps x M9

(8) Insoluble Residue

115

(D-8)

(D-9)

(D-10)

(D-11)

CWta x TCWtb
CR = (D-12)

CWti, X CWt

SR = CR X CWt (D-13)

SR

Ps-SR = x 100 (D-14)
M9

(9) Selectivity

Y1

Si = (D-15)
YMF
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Reaction Analysis Data

Reaction Run # 11 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.58

(D)-glucose : 100.00 g

g glucose/g H-Y zeolite : 10.0

Reaction temperature : 100 °C

Total reaction time : 10 hr
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Total mass : 170.06 g

Water weight : 70.06 g

H-Y zeolite : 10.0122 g

Mixing speed : 300 rpm

Pressure : 30 psi

Internal Standard : butyric acid, 15.15 mg

myo-inositol, 40.012 mg

Table E-1 Reaction run# 11, conversion and product yield.

Time % glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 4.30 1.89 0.01 0.01 0.00 0.00

2 5.53 4.46 0.02 0.00 0.00 0.00

3 4.31 5.58 0.04 0.00 0.00 0.00

4 10.70 6.89 0.06 0.14 0.00 0.01

5 11.83 8.25 0.08 0.08 0.00 0.00

6 17.75 9.63 0.10 0.19 0.00 0.01

7 11.95 10.89 0.12 0.24 0.00 0.01

8 16.16 11.44 0.15 0.32 0.01 0.01

9 16.21 13.17 0.17 0.40 0.01 0.02

10 16.47 14.15 0.19 0.49 0.01 0.02



Reaction Run # 13 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.58

(D)-glucose weight : 100.00 g

g glucose/g H-Y zeolite : 10.0

Reaction temperature : 130°C

Total reaction time : 10 hr
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Total mass : 170.06 g

Water weight : 70.06 g

H-Y zeolite : 10.0123 g

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 13.614 mg

myo-inositol, 80.032 mg

Table E-2 Reaction run# 13, conversion and product yield.

Time % glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 45.37 10.39 0.26 0.70 0.00 0.05

2 34.28 16.19 0.68 2.16 0.05 0.22

3 42.73 18.12 0.40 4.70 1.83 0.90

4 52.66 19.54 0.81 9.01 3.64 2.65

5 59.47 18.49 1.36 16.61 6.49 4.21

6 64.67 17.83 0.97 12.83 6.26 3.98

7 69.49 17.75 0.69 9.05 6.21 2.94

8 74.37 15.32 2.30 27.96 13.36 6.89

9 81.00 11.10 3.19 11.34 3.82 1.73

10 86.34 6.32 2.93 11.50 2.78 3.81
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Reaction Run # 14 Analysis

Reaction Parameters

Total mass : 170.08 gg (D)-glucose/g solution : 0.58

(D)-glucose weight : 100.00 g Water weight : 70.08 g

g glucose/g H-Y zeolite : 10.0 H-Y zeolite : 10.0103 g

Reaction temperature : 110°C

Total reaction time : 10 hr

Mixing speed : 300 rpm

Pressure : 30-50 psi

Internal Standard : butyric acid, 13.614 mg

myo-inositol, 80.032 mg

Table E-3 Reaction run# 14, conversion and product yield.

Time t glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 13.08 3.62 0.03 0.05 0.00 0.00

2 12.78 7.27 0.07 0.08 0.01 0.00

3 12.83 10.51 0.14 0.22 0.01 0.02

4 15.41 11.93 0.18 0.32 0.01 0.02

5 16.82 13.69 0.24 1.46 0.27 0.14

6 20.10 15.06 0.30 1.88 0.34 0.20

7 23.76 16.03 0.38 2.47 0.42 0.24

8 26.45 17.04 0.46 3.30 0.55 0.35

9 26.69 17.64 0.35 2.89 0.00 0.40

10 28.74 17.96 0.30 2.62 0.00 0.38



Reaction Run # 16 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.58

(D)-glucose weight : 100.00 g

g glucose/g H-Y zeolite : 10.0

Reaction temperature : 130°C
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Total mass : 170.06 g

Water weight : 70.06 g

H-Y zeolite : 10.0019 g

Mixing speed : 1200 rpm

Total reaction time : 10 hr Pressure : 30-60 psi

Internal Standard : butyric acid, 13.614 mg

myo-inositol, 80.016 mg

Table E-4 Reaction run# 16, conversion and product yield.

Time % glucose

(hr) Conver. Fructose

mol/mol glucose x 100

HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 39.48 12.43 0.30 2.78 0.00 0.52

2 28.92 15.62 0.52 1.48 0.00 0.14

3 41.59 17.07 0.47 5.45 0.00 1.03

4 55.47 14.68 0.45 5.38 0.00 2.18

5 59.07 14.97 1.16 14.85 0.00 4.41

6 71.00 13.74 0.51 7.32 0.00 3.21

7 76.70 13.24 3.08 10.13 0.00 1.79

8 77.96 11.73 3.13 10.96 0.00 1.73

9 81.82 10.37 2.02 26.34 0.00 6.01

10 85.38 7.51 1.54 21.05 0.00 5.47



Reaction Run # 17 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.58

(D)-glucose weight : 100.00 g

g glucose/g H-Y zeolite : 10.0

Reaction temperature : 130°C

Total reaction time : 10 hr
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Total mass : 170.43 g

Water weight : 70.43 g

H-Y zeolite : 10.0077 g

Mixing speed : 150 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 13.614 mg

myo-inositol, 80.016 mg

Table E-5 Reaction run# 17, conversion and product yield.

Time t glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 28.57 8.68 0.26 2.87 0.00 0.00

2 36.91 17.90 0.82 0.27 0.00 0.01

3 38.34 18.94 0.58 0.49 0.00 0.12

4 44.13 18.93 0.85 0.83 0.00 0.19

5 51.90 21.38 0.59 0.68 0.00 0.18

6 55.50 16.62 1.00 1.23 0.00 0.34

7 62.71 14.40 1.39 1.63 0.00 0.45

8 72.59 13.93 3.68 1.11 0.00 0.15

9 69.15 11.62 4.30 1.32 0.00 0.15

10 78.37 12.02 4.46 1.48 0.00 0.14



Reaction Run # 19 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.58

(D)-glucose weight : 100.00 g

g glucose/g H-Y zeolite : 0.0

Reaction temperature : 130°C

Total reaction time : 10 hr
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Total mass : 170.00 g

Water weight : 70.00 g

H-Y zeolite : 0.00 g

Mixing speed : 150 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 13.614 mg

myo-inositol, 80.016 mg

Table E-6 Reaction run# 19, conversion and product yield.

Time glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.000 0.00 0.00 0.00 0.00

2 1.91 0.001 0.00 0.00 0.00 0.00

4 6.15 0.002 0.00 0.00 0.00 0.00

6 10.04 0.003 0.00 0.00 0.00 0.00

8 14.43 0.004 0.00 0.00 0.00 0.00

10 20.29 0.004 0.00 0.00 0.00 0.00
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Reaction Run # 20 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.12 Total mass : 170.05 g

(D)-glucose weight : 20.00 g Water weight : 150.05 g

g glucose/g H-Y zeolite : 2.0 H-Y zeolite : 10.0021 g

Reaction temperature : 130°C Mixing speed : 300 rpm

Total reaction time : 24 Pressure : 30-60 psi

Internal Standard : butyric acid, 18.15 mg

myo-inositol, 90.072 mg

Table E-7 Reaction run# 20, conversion and product yield.

Time

(hr)

glucose

Conver. Fructose HMF

mol/mol glucose x 100

Formic Levulinic

acid acid

Angelica

lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 18.19 12.35 0.38 0.00 0.00 0.00

2 15.21 14.54 0.42 0.09 0.00 0.09

3 22.69 18.82 0.77 2.10 1.79 0.65

4 30.90 22.58 1.32 3.19 2.10 1.07

5 39.84 24.73 1.96 4.93 2.69 1.40

6 46.70 25.63 2.34 6.36 3.51 1.98

7 53.27 25.57 2.82 8.61 4.82 2.76

8 58.31 24.93 3.78 12.47 8.32 4.21

9 64.33 22.35 3.90 13.90 8.89 4.85

10 66.57 22.50 4.68 16.76 8.73 5.03

12 69.65 20.74 4.87 19.91 11.65 7.18

14 74.65 18.33 5.28 23.27 13.22 8.76

16 78.87 15.61 5.45 24.81 13.09 8.23

24 83.17 12.51 6.15 29.16 14.17 8.90
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Reaction Run # 21 Analysis

Reaction Parameters

Total mass : 170.00 gg (D)-glucose/g solution : 0.158

(D)-glucose weight : 100.00 g Water weight : 70.00 g

g glucose/g H-Y zeolite : 10.0 H-Y zeolite : 10.0039 g

Reaction temperature : 120°C Mixing speed : 300 rpm

Total reaction time : 10 hr Pressure : 30-60 psi

Internal Standard : butyric acid, 18.150 mg

myo-inositol, 90.072 mg

Table E-8 Reaction run# 21, conversion and product yield.

Time 96 glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 20.06 12.65 0.16 0.30 0.00 0.00

2 18.18 13.34 0.22 1.01 0.00 0.01

3 22.66 14.75 0.33 0.79 0.00 0.10

4 25.67 16.62 0.46 1.31 0.00 0.08

5 29.60 17.68 0.43 3.40 0.00 0.10

6 31.16 18.59 0.74 5.82 0.00 1.35

7 37.35 19.21 0.57 5.83 0.00 0.88

8 39.23 19.13 0.82 8.37 0.00 2.62

9 42.72 18.90 0.59 8.26 0.00 1.33

10 46.08 18.44 0.57 7.41 0.00 2.45



Reaction Run # 24 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.12

(D)-glucose weight: 20.00 g

g glucose/g H-Y zeolite : 2.0

Reaction temperature : 120°C

Total reaction time : 24 hr
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Total mass : 170.23 g

Water weight: 150.23 g

H-Y zeolite : 10.0115 g

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.15 mg

myo-inositol, 90.072 mg

Table E-9 Reaction run# 24,conversion and product yield.

Time

(hr)

Ps glucose

Conver. Fructose HMF

mol/mol glucose x 100

Formic Levulinic

acid acid

Angelica

lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 6.51 5.13 0.14 0.12 0.00 0.00

2 8.30 7.32 0.15 0.17 0.00 0.00

3 12.27 10.62 0.24 0.21 0.05 0.00

4 16.46 13.91 0.41 0.87 0.72 0.00

5 22.33 17.46 0.67 0.54 0.26 0.00

6 27.67 20.36 0.97 1.78 0.66 0.00

7 31.33 21.94 1.25 2.97 1.71 0.00

8 35.14 23.30 1.50 4.25 2.02 0.00

9 39.48 24.28 1.90 4.49 3.78 0.00

10 42.63 24.84 1.87 5.17 2.92 0.00

12 48.54 23.57 2.33 7.42 4.47 0.00

14 48.81 23.81 2.40 7.47 4.79 0.00

16 50.72 24.44 2.73 9.22 4.85 0.00

24 62.31 21.73 4.26 17.74 9.41 0.00
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Reaction Run # 25 Analysis

Reaction Parameters

Total mass : 170.27 gg (D)-glucose/g solution : 0.12

(D)-glucose weight : 20.00 g Water weight : 150.27 g

g glucose/g H-Y zeolite : 2.0 H-Y zeolite : 10.0085 g

Reaction temperature : 110°C

Total reaction time : 24 hr

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.15 mg

myo-inositol, 90.072 mg

Table E-10 Reaction run# 25, conversion and product yield.

Time glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 3.06 2.86 0.09 0.07 0.00 0.00

2 3.84 2.69 0.08 0.69 0.00 0.00

3 6.25 5.80 0.08 0.41 0.00 0.00

4 8.51 7.62 0.11 0.28 0.00 0.00

5 10.89 9.32 0.15 0.30 0.17 0.00

6 13.42 11.19 0.21 0.46 0.22 0.00

7 15.17 13.01 0.28 0.45 0.25 0.00

8 18.72 14.43 0.38 1.56 0.41 0.00

9 20.80 15.68 0.47 1.63 0.45 0.00

10 23.11 16.85 0.56 1.42 0.50 0.00

12 25.51 18.89 0.70 2.04 1.34 0.00

14 29.22 20.17 0.84 2.84 1.52 0.00

16 31.09 21.23 1.02 2.03 0.80 0.00

24 33.86 22.63 1.24 3.55 2.34 0.00



Reaction Run # 26 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.12

(D)-glucose weight : 20.00 g

g glucose/g H-Y zeolite : 10.0

Reaction temperature : 130°C

Total reaction time : 24 hr
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Total mass : 170.37 g

Water weight : 150.37 g

H-Y zeolite : 2.01 g

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.15 mg

myo-inositol, 90.072 mg

Table E-11 Reaction run# 26, conversion and product yield.

Time % glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 3.37 3.84 0.14 0.11 0.12 0.06

2 3.80 4.45 0.17 0.08 0.09 0.05

3 7.51 7.35 0.35 0.32 0.12 0.05

4 12.73 10.50 0.64 0.79 0.24 0.08

5 16.80 12.93 0.96 1.53 1.16 0.49

6 21.66 15.16 1.34 3.34 1.47 0.70

7 26.97 17.20 1.81 3.56 2.05 1.01

8 30.11 18.84 2.14 4.54 3.69 1.43

9 35.12 19.92 2.58 6.19 3.41 2.00

10 38.53 21.21 2.98 7.22 4.18 2.43

12 44.88 22.08 3.52 9.59 5.35 3.52

14 49.87 22.73 3.92 11.49 6.42 4.29

16 56.29 22.39 4.35 14.52 7.31 5.49

24 66.58 19.85 6.74 22.63 11.38 7.11
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Reaction Run # 28 Analysis

Reaction Parameters

Total mass : 170.43 gg (D)-glucose/g solution : 0.12

(D)-glucose weight : 20.00 g Water weight : 150.43 g

g glucose/g H-Y zeolite : 5.0 H-Y zeolite : 4.0008 g

Reaction temperature : 130°C

Total reaction time : 24 hr

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.075 mg

myo-inositol, 90.072 mg

Table E-12 Reaction run# 28, conversion and product yield.

Time t glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 9.27 6.46 0.17 0.08 0.00 0.00

2 9.09 7.23 0.21 0.21 0.00 0.00

3 14.25 12.35 0.54 0.46 0.19 0.00

4 20.29 15.45 0.89 1.75 1.41 0.00

5 25.19 18.43 1.35 2.64 1.91 0.00

6 31.14 20.37 1.84 2.29 2.89 0.54

7 37.10 21.90 2.29 5.40 2.98 1.84

8 41.33 23.33 2.73 7.46 3.58 2.45

9 45.30 24.15 3.05 8.46 4.70 3.03

10 50.21 24.01 3.53 10.52 5.90 3.76

12 55.82 22.74 3.55 11.93 0.00 4.63

14 61.06 21.97 3.75 13.43 7.70 5.36

16 64.87 21.42 4.28 17.52 0.00 6.74

24 72.64 17.22 6.03 26.03 11.34 16.07



Reaction Run # 32 Analysis

Reaction Parameters

g (D)-glucose/g solution : 0.12

(D)-glucose weight : 20.00

g glucose/g H-Y zeolite : 0.0

Reaction temperature : 130°C

Total reaction time : 24 hr
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Total mass : 170.13 g

Water weight : 150.13 g

H-Y zeolite : 0.00 g

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.075 mg

myo-inositol, 90.072 mg

Table E-13 Reaction run# 32, conversion and product yield.

Time glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

2 2.01 0.26 0.00 0.00 0.00 0.00

4 2.18 1.02 0.00 0.00 0.00 0.00

6 4.31 1.32 0.00 0.00 0.00 0.00

8 6.10 1.65 0.00 0.00 0.00 0.00

10 7.74 2.87 0.00 0.00 0.00 0.00

20 13.06 4.09 0.00 0.00 0.00 0.00

24 15.26 4.04 0.00 0.00 0.00 0.00
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Reaction Run # 33 Analysis

Reaction Parameters

Total mass : 170.04 gg (D)-glucose/g solution : 0.12

(D)-glucose weight : 20.00 g Water weight : 150.04 g

g glucose/g H-Y zeolite : 1.0 H-Y zeolite : 20.0116 g

Reaction temperature : 130°C

Total reaction time : 24 hr

Mixing speed : 300 rpm

Pressure : 30-60 psi

Internal Standard : butyric acid, 18.075 mg

myo-inositol, 90.072 mg

Table E-14 Reaction run# 33, conversion and product yield.

Time % glucose mol/mol glucose x 100

(hr) Conver. Fructose HMF Formic Levulinic Angelica

acid acid lactone

0 0.00 0.00 0.00 0.00 0.00 0.00

1 25.99 18.76 0.56 1.18 0.00 0.00

2 26.50 19.77 0.65 0.70 0.13 0.00

3 42.24 25.16 1.47 3.39 1.86 0.00

4 51.35 27.60 2.21 6.84 3.03 0.00

5 57.80 27.05 2.75 8.52 4.59 0.00

6 64.63 25.11 2.71 10.87 5.21 0.00

7 70.35 22.56 3.00 13.35 6.22 0.00

8 74.67 20.12 3.37 16.22 6.78 0.00

9 77.53 17.22 4.18 20.30 9.77 0.00

10 79.93 16.37 3.35 18.19 8.08 0.00

12 82.65 14.19 3.59 20.94 0.00 0.00

14 84.90 11.79 4.34 27.78 10.38 0.00

16 88.04 9.24 4.16 25.69 10.44 0.00

24 91.88 6.70 4.15 28.01 13.39 0.00
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Appendix F

Reaction Product Summary

0.58 g glucose/g solution reaction

Table F-1 High (D)-glucose concentration reaction product.

Run# #11 #13 #14 #16 #17 #21

temperature (°C) 100 130 110 130 130 120

mixing speed (rpm) 300 300 300 1200 150 300

glucose (g) 100.00 100.00 100.00 100.00 100.00 100.00

H-Y zeolite (g) 10.012 10.012 10.010 10.002 10.008 10.004

Cat. loading 10:1 10:1 10:1 10:1 10:1 10:1

Reaction time (hr) 10 10 10 10 10 10

density (g/mL) 1.266 1.208 1.243 1.046 1.129 1.064

avg. acid (N) 0.069 0.464 0.128 0.400 0.405 0.399

mol Er/mol glucose 0.017 0.118 0.032 0.117 0.110 0.115

pH 3.97 2.85 3.93 2.85 2.68 3.31

solid residue (g) 1.25 26.50 1.24 18.27 17.10 0.48

solid residue 0.83 26.50 1.24 18.27 17.10 0.48
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0.12 g glucose/g solution reaction

Table F-2 Low (D)-glucose concentration reaction product.

Run#

temperature (°C)

mixing speed (rpm)

glucose (g)

zeolite (g)

Cat. loading

Reaction time (hr)

density (g/mL)

avg. acid (N)

mol Fr/mol glucose

pH

solid residue (g)

solid residue

#20 #24 #25 #26

130 120 110 130

300 300 300 300

20.00 20.00 20.00 20.00

10.002 10.014 10.009 2.010

2:1 2:1 2:1 10:1

24 24 24 24

1.015 1.036 1.041 1.027

0.232 0.155 0.056 0.199

0.349 0.229 0.082 0.297

2.78 2.98 3.60 3.23

2.20 0.23 0.05 0.79

11.02 1.134 0.25 3.99

Table F-2 (continued) Low (D)-glucose concentration

reaction product.

Run# #28 #29 #33

temperature (°C) 130 100 130

mixing speed (rpm) 300 300 300

glucose (g) 20.00 20.00 20.00

zeolite (g) 4.001 10.011 20.012

Cat. loading 5:1 2:1 1:1

Reaction time (hr) 24 24 24

density (g/mL) 1.027 1.037 1.011

avg. acid (N) 0.208 0.016 0.257

mol Fr/mol glucose 0.312 0.024 0.390

pH 3.06 3.87 2.78

solid residue (g) 1.51 0.04 2.59

Ps solid residue 7.543 0.20 12.98
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Appendix G

Material Balance

Material Balance

Reaction Run # 11

Reaction Conditions
H-Y-zeolite Powder : 10.0122 g
Temperature 100 C Mixing Speed 300 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-1. Reaction run# 11,

Reactant:

material balance.

Glucose fed into reactor (g) 100.0000

TOTAL REACTANT 100.0000

Distilled water (g) 70.06

Total Mass Input (g) 170.06

Products:

Unreacted glucose : Wt (g) 78.7197

D-fructose : Wt (g) 16.0480

HMF : Wt (g) 0.1380

Formic acid : Wt (g) 0.4469

Levulinic acid : Wt (g) 0.1475

Angelicalactone : Wt (g) 0.0941

Insoluble Residue (g) 1.2510

TOTAL PRODUCTS: 96.8452
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Material Balance

Reaction Run # 13

Reaction Conditions
H-Y-zeolite Powder : 10.0123 g
Temperature 130 C Mixing Speed 300 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-2. Reaction run# 13, material balance.

Reactant:

Glucose fed into reactor (g) 100.0000

TOTAL REACTANT 100.0000

Distilled water (g) 70.06

Total Mass Input (g) 170.06

Products:

Unreacted glucose : Wt (g) 13.6641

D-fructose : Wt (g) 6.3240

HMF : Wt (g) 2.0502

Formic acid : Wt (g) 2.9413

Levulinic acid : Wt (g) 1.8003

Angelicalactone : Wt (g) 2.0730

Insoluble Residue (g) 26.4960

TOTAL PRODUCTS: 55.3489
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Material Balance

Reaction Run # 14

Reaction Conditions
H-Y-zeolite Powder : 10.0103 g
Temperature 110 C Mixing Speed 300 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-3. Reaction run# 14,

Reactant:

material balance.

Glucose fed into reactor (g) 100.0000

TOTAL REACTANT 100.0000

Distilled water (g) 70.08

Total Mass Input (g) 170.08

Products:

Unreacted glucose : Wt (g) 71.2570

D-Fructose : Wt (g) 17.9690

HMF : Wt (g) 0.2105

Formic acid : Wt (g) 0.6689

Levulinic acid : Wt (g) 0.3551

Angelicalactone : Wt (g) 0.2069

Insoluble Residue (g) 1.2390

TOTAL PRODUCTS: 91.9064
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Material Balance

Reaction Run # 16

Reaction Conditions
H-Y-zeolite Powder : 10.0019 g
Temperature 130 C Mixing Speed 1200 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-4. Reaction run# 16,

Reactant:

Glucose fed into reactor (g)

TOTAL REACTANT

Distilled water (g)

material balance.

100.0000

100.0000

70.06

Total Mass Input (g) 170.06

Products:

Unreacted glucose : Wt (g) 14.6203

D-fructose : Wt (g) 7.5140

HMF : Wt (g) 1.0816

Formic acid : Wt (g) 5.3810

Levulinic acid : Wt (g) 0.0000

Angelicalactone : Wt (g) 2.9810

Insoluble Residue (g) 18.2740

TOTAL PRODUCTS: 49.8519
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Material Balance

Reaction Run # 17

Reaction Conditions
H-Y-zeolite Powder : 10.0077 g
Temperature 130 C Mixing Speed 150 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-5. Reaction run# 17,

Reactant:

Glucose fed into reactor (g)

TOTAL REACTANT

Distilled water (g)

material balance.

100.0000

100.0000

70.13

Total Mass Input (g) 170.43

Products:

Unreacted glucose : Wt (g) 21.6263

D-fructose : Wt (g) 12.0190

HMF : Wt (g) 3.1275

Formic acid : Wt (g) 0.3782

Levulinic acid : Wt (g) 0.0000

Angelicalactone : Wt (g) 0.0801

Insoluble Residue (g) 17.0980

TOTAL PRODUCTS: 54.3291



Material Balance

Reaction Run # 20

Reaction Conditions
H-Y-zeolite Powder : 10.0021 g
Temperature 130 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-6. Reaction run# 20, material balance.

Reactant:

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.05

Total Mass input (g) 170.05

Products:

Unreacted glucose : Wt (g)

D-fructose : Wt (g)

HMF : Wt (g)

Formic acid : Wt (g)

Levulinic acid : Wt (g)

Angelicalactone : Wt (g)

Insoluble Residue (g)

TOTAL PRODUCTS:

3.3937

2.5000

0.8622

1.4900

1.8297

0.9694

2.2040

13.2488

137



138

Material Balance

Reaction Run # 21

Reaction Conditions
H-Y-zeolite Powder : 10.0039 g
Temperature 120 C Mixing Speed 300 rpm
Pressure 30 psi Sampling Perieod 1 hr.
Reaction Time: 10 hr

Table G-7. Reaction run# 21,

Reactant:

material balance.

Glucose fed into reactor (g) 100.00

TOTAL REACTANT 100.00

Distilled water (g) 70.00

Total Mass Input (g) 170.00

Products:

Unreacted glucose : Wt (g) 53.4594

D-fructose : Wt (g) 18.9040

HMF : Wt (g) 0.3970

Formic acid : Wt (g) 1.8932

Levulinic acid : Wt (g) 0.0000

Angelicalactone : Wt (g) 1.2253

Insoluble Residue (g) 0.4850

TOTAL PRODUCTS: 76.3639
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Material Balance

Reaction Run # 24

Reaction Conditions
H-Y-zeolite Powder : 10.0115 g
Temperature 120 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-8 Reaction run# 24,

Reactant:

material balance.

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.23

Total Mass Input (g) 170.23

Products:

Unreacted glucose : Wt (g) 7.6077

D-fructose : Wt (g) 4.3500

HMF : Wt (g) 0.5971

Formic acid : Wt (g) 0.9067

Levulinic acid : Wt (g) 1.2152

Angelicalactone : Wt (g) 0.0000

Insoluble Residue (g) 0.2270

TOTAL PRODUCTS: 14.9037
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Material Balance

Reaction Run # 25

Reaction Conditions
H-Y-zeolite Powder : 10.0085 g
Temperature 110 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-9. Reaction run# 25, material balance.

Reactant:

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.27

Total Mass Input (g) 170.27

Products:

Unreacted glucose : Wt (g) 13.3871

D-fructose : Wt (g) 4.5220

HMF : Wt (g) 0.1743

Formic acid : Wt (g) 0.1815

Levulinic acid : Wt (g) 0.3026

Angelicalactone : Wt (g) 0.0000

Insoluble Residue (g) 0.0470

TOTAL PRODUCTS: 18.6146
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Material Balance

Reaction Run # 26

Reaction Conditions
H-Y-zeolite Powder : 2.01 g
Temperature 130 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-10. reaction run# 26,

Reactant:

material balance.

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.37

Total Mass Input (g) 170.37

Products:

Unreacted glucose : Wt (g) 6.7763

D-fructose : Wt (g) 3.9800

HMF : Wt (g) 0.9456

Formic acid : Wt (g) 1.1591

Levulinic acid : Wt (g) 1.4721

Angelicalactone : Wt (g) 0.7761

Insoluble Residue (g) 0.7980

TOTAL PRODUCTS: 15.9071
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Material Balance

Reaction Run # 28

Reaction Conditions
H-Y-zeolite Powder : 4.0008 g
Temperature 130 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-11. Reaction run# 28,

Reactant:

material balance.

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.43

Total Mass Input (g) 170.43

Products:

Unreacted glucose : Wt (g) 5.6004

D-fructose : Wt (g) 3.4500

HMF : Wt (g) 0.8464

Formic acid : Wt (g) 1.3333

Levulinic acid : Wt (g) 1.4681

Angelicalactone : Wt (g) 1.7546

Insoluble Residue (g) 1.5090

TOTAL PRODUCTS: 15.9618
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Material Balance

Reaction Run # 33

Reaction Conditions
H-Y-zeolite Powder : 20.0116 g
Temperature 130 C Mixing Speed 300 rpm
Pressure 30-60 psi Sampling Perieod 1 hr.
Reaction Time: 24 hr

Table G-12. Reaction run# 33,

Reactant:

material balance.

Glucose fed into reactor (g) 20.0000

TOTAL REACTANT 20.0000

Distilled water (g) 150.04

Total Mass Input (g) 170.04

Products:

Unreacted glucose : Wt (g) 1.6332

D-fructose : Wt (g) 1.3400

HMF : Wt (g) 0.5814

Formic acid : Wt (g) 1.4314

Levulinic acid : Wt (g) 1.7289

Angelicalactone : Wt (g) 0.0000

Insoluble Residue (g) 2.5970

TOTAL PRODUCTS: 9.3119
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Appendix H

HPLC Peak Isolation

A representative chromatogram of the reaction products

is shown in Figure 3.10 that contain complicated isolation.

The product distribution was complicated, and not all peaks

were fully isolated. The identified an unidentified

compound retention times are given in Table H-3. At the

standard analysis conditions, some peaks from the reaction

samples matched with the standard compounds and were easily

identified and determined but some were not. Therefore, the

peak area results from the integrator need to be confirmed

and major peak identification is priority.

HPLC Evaluation

The interested components, formic acid and levulinic

acid, gave small response with these analysis parameters. As

a result, it was difficult to determine the composition of

these components accurately. To investigate this problem, a

standard solution of levulinic acid and formic acid were

added to the reaction sample to confirm the calibration of

those peaks. From Table H-1 and H-2, they show that the

retention times of both components from the original

reaction sample and modified samples are almost the same.

The peak areas, which account for the composition of both

acids, had an error of about 5% from the actual amount of

the standard solutions added.
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Chromatogram peak isolation

To identify some of the peaks in product distribution

profile, the same standard-adding technique was introduced

to point out the known components. The known peaks which

were identified are levulinic acid, formic acid, HMF, and

butyric acid as the internal standard. The other identified

peaks are D-fructose with retention time (RT), 9.6 min,

acetic acid with RT of 14.7 min, and a-angelicalactone with

RT of 17.4 min. Although D-fructose shows a significant

peak, it is preferred to beseparated accurately with

carbohydrate column, HPX 87-P, and refractive index

detector. Acetic acid and a-angelicalactone have the

problem: retention time is not repeatable for all samples.

In some samples, the retention time exceeds ± 0.25 min of

standard retention time. Therefore, these two compounds are

not estimated compositions.

Some compounds were also checked and gave negative

results. Acetone, succinic acid, and anhydrous-P-D-glucose

have retention time of 21.4, 11.3 and 11.9 min respectively.

After the UV/VIS detector was changed to 270 nm, the

chromatogram presented a new profile which boosted some

peaks. Figure 3.10 shows a new profile at this wavelength,

levulinic acid and formic acid peaks were clearer. Actually,

the response ratio of levulinic acid relative to HMF at 270

nm is lower than at 210 nm and butyric acid peak can not be

detected. Therefore at 270 nm, The composition of those

compounds could not be estimated by the internal standard

method.
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HPLC Evaluation data

Column : HPX-87-H Temperature : 65°C

Eluant : 0.005 M H2SO4 Flowrate : 0.6 mL/min

Detector : UV/VIS with wavelength 210 nm

Sample weight : 0.0554 g

Internal standard : butyric acid, 2.0649 mg

Formic acid

formic acid standard solution : 1.524 mg in 0.3 mL

Table H-1 HPLC evaluation of formic acid.

Sample Peak area (gV.sec) Formic acid

Status butyric acid formic acid wt. in sample RT

original 1640038.0 264875.5 0.178 13.58

added 1668836.5 2444717.0 1.622 13.52

Formic acid adding : from HPLC, 1.444 mg

: from actual adding, 1.524 mg

error of evaluation : 5.285 9,5

Levulinic acid

levulinic acid standard solution : 3.013 mg in 0.3 mL

Table H-2 HPLC evaluation of levulinic acid.

Sample Peak area (gV.sec) Levulinic acid

Status butyric acid levulinic acid wt. in sample RT

original 1640038.0 118014.5 0.252 15.41

added 1731493.5 1659469.5 3.362 15.39

Levulinic acid adding : from HPLC, 3.110 mg

: from actual adding, 3.013 mg

error of evaluation : 3.209 %
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Table H-3 Standard Compound Retention time.

Compound Retention Time, RT

(min)

D-fructose 9.6

succinic acid 11.3

anhydrous-Z-D-glucose 11.9

formic acid 13.5

acetic acid 14.7

levulinic acid 15.3

u-angelicalactone 17.4

butyric acid 21.0

acetone 21.4

HMF 29.3




