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ABSTRACT

A Study on the Depolymerization and Preparation of
Methanol from Water Soluble Cellulose by Liquid Phase
Catalytic Radical Oxidation

Kim, Ju Il
Advisor : Prof. Lee, In Hwa Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

Depolymerization and liquid phase radical oxidation were conducted with
water soluble cellulose such as methyl cellulose(MC), carboxymethyl cellu-
lose(CMC), hydroxypropyl methyl cellulose(HPMC), hydroxyethyl cellu-
lose(HEC) and hydroxypropyl cellulose(HPC). Hydrogen peroxide and iron
were added in the rotary evaporator by controlling the pressure and
temperature. Many volatile carbons such as methanol, carbon dioxide, form-
aldehyde, acetaldehyde, formic acid, acetone, acetic acid and water were formed
after radical oxidation it was found that major product is methanol through the
GC-MS analysis. Among the water soluble cellulose, MC showed the highest
yield of methanol analysed by internal standard quantitative method.

The reactions of MC were performed under the conditions of 1 wt% to 15
wt% concentration dissolved in water added hydrogen peroxide 3 wt% and

iron(Ill) sulfate 2 wt% reaction temperature from 90 to 140C step by increased

- Vil -



10C, reaction pressure of 300 to 500 mbar, and reaction time of 1 to 4 hour. The
highest methanol yield was obtained in the concentration of 350 mg/L at 90C
while the portion of methanol was increased with up to 140C compound to the
other volatile compounds. The concentration dependency for methanol forming
increased from 1 wt% - 6 wt %. To find best reaction time we carried sampling
and analysed the condensed liquid in every each 1 hour, the methanol yield was

decreased during reaction time 1 to 4 hours.
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Table 1. Domestic forest conserved amount.

Total forest tree

The per(ha) unit area

Year 3 3
accumulated amount (km”) accumulated amount (m”)

2000 407,576 63.5

2001 428,347 66.8

2002 448,456 69.9

2003 468,168 73.1

2004 489,061 76.4

2005 506,377 79.2
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Table 2. Biofuel productivity for major country.(million liter)

Country(2007) Bioethanol Biodiesel Total
USA 26,500 1,688 28,188
Canada 1,000 97 1,097

E U 2,253 6,109 8,361
Brazil 19,000 227 19,227
China 1,840 114 1,954
Total 50,593 8,235 58,827
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Figure 5. Volatile alcohol production by the disintegration of the cellulose.
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A3 s 2 A

A1A A5

AN AR Ame AR AldA A xR SFEEANEAER QA
(Carboxy Methyl cellulose, CMC)2} Shin Etsu 38Aloll A A z3 wdAEZ o~
(Methyl cellulose, MC) 15 centi poiseE AF&3FTh T8k sigmailol Al -9 gt 3}o]
EEAZZE AEZ Q2 (Hydroxypropyl cellulose, HPC) 80,000, 100,000, 1,000,000
molecular weight(mass)2} 80-125 centi poise(2% in Ho0s, 207C)2] slo|=EA] o€
A&7 @ ~(Hydroxyethyl cellulose, HEC), 40-120 centi poise(2% in H>0s, 207TC)2]
stol=2AZ 2 WY AdER QA (Hydroxypropyl methyl cellulose, HPMC)E A}-&
stk AMAAZA AEAEE Al7]EdE AFEE 32E3ES=4(Hydrogen  peroxide,
H:02)= s st ol A Az 30% == 25 Al glo] Abgetdlon, &sbs)shs
T2 S| AL A A =g EAkA o] H(Iron(ITD) sulfate, Fea(SO4)3) 2 th A 8ol Al Al ¢
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| Water soluble Cellulose+ D-W — 1L |
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| Add to 30% H.0, 111.1mL(0.387M) |

‘v Stirring for 2hr at 100°C

| Cool down to room temperature | -

‘, 270mL sampling

Rotary evaporator
Reaction Temperature : 90-140 °C,
Reaction Pressure : 300-500mbar
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GC-MS, GC-FID, HPLC |

Figure 6. Experimental procedure for preparation of alcohol from water soluble

cellulose.
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Table 3. Experiment condition radical degradation of water soluble cellulose

derivatives.
Conc. of Conc. of Conc. of . .
Cellulose Temp.(C) Time(hrs.)
Cellulose(wt%) HoOo(wt%) KoS20s(wt%)
1
2
3
MC 3 - 90 4
4
5
6
90
100
110
MC 5 3 - 4
120
130
140
MC 15 3 5 90 5
70 4
80 4
CMC 3 3 -
100 2
120 2
2
HPMC 3 3 - 100 .
HEC 3 3 - 100 4
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Figure 7. Schematic diagram of Rotary Evaporator.

O YZE(Glass Assembly)
@ H:0; +45-

@ Distillation Chiller

@ Receiving Flask

® Vacuum Pump

® Vacuum Controller System
(D W54 %(Heating Bath)

k342 % &% Controller

3. GC-MS(Gas Chromatograph - Mass Spectrometer) 2

3] ARES 7] EH S| E AN T A vk & EEE o] AlEE Gas
Chromatograph (Shimadzu GC-2010) - Mass Spectrometer(Shimadzu GCMS -
QP2010 Plus)E& AFg3te] #4183t MSD(Mass Spectrometer Detector) S A&
SEA A &4 272 Oven temp. 50 T 52 = Injector temp. 220 C, Detector
temp. 200 C, Split Ratio(&#< Hl &)= 100 : 1, AFE 100mA=Z AP oY &

W7k~ 2= 30 mL/min He(99.999%) 7} ~& AR&etditt. A& ZodEddae =
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(Poly ethylene glycol) X4 oz I®E DB-WAX capillary column(Lenth 30 m
x Diam. 0250 mm x Film 0.25 m)< ©]83Fo] 7] &% 50 CeolA &9 20 C
A 240 C 7bA &3 A wpA] et %X] AIZHE 5EE Fo] F 24 A 1656 £2

51953

Table 4. Analytical conditions of Gas Chromatograph—-Mass Spectrometer.

Instruments Parameters
Chromatographic system Shimadzu GC-2010, QP2010 Plus
Detector MSD(Mass Spectrometer Detector)
Column DB-WAX(30 m * 0.25 mm * 0.25 ym)
Inlet temperature 220 C
Injection temperature 1wl

Initial 50 C, 1min
Oven temperature 20 C/min to 240 C

Final 240 C
Detector temperature 250 C
Carrier gas Helium

4. GC-FID(Gas Chromatograph — Flame Ionization Detector) &4

Ao A7) B SR & ATl Wb 5 FefHol AlE= Gas
Chromatograph - Flame Ionization Detector(HEWLETT PACKARD - HP 6890
Series GC System)& AF&3te] #4383t 4 2712 oven temp. 50 T =2
2 Injector temp. 220 C, Detector temp. 250 C, Split Ratio(:¥< ¥v]&)= 45 : 1
+H7F~2 5 30 mL/min He(99.999%) 7+2~& AF&stgew, 45 ml/min
H(99.999%)¢} 350 mL/min Airg AF&3stdth ZHL2 Zg o dal=g 2 (Poly
ethylene glycol) AXAo =z F®WH DB-WAX capillary column(Lenth 30 m X
Diam. 0.250 mm x Film 0.25 )< o]&3ste] 7] 2% 50 CelA 9 20 T 4
240 C 7HA SR A kA §A4] AIZES S-S Fo] & EA AIREe GC-MS$F vt

AR 155 Foz o
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Table 5. Analytical conditions of Gas Chromatograph-FID.

Instruments Parameters
Chromatographic system HP 6890 Series GC System
Detector FID(Flame Ionization Detector)
Column DB-WAX(@B0 m * 0.25 mm * 0.25 um)
Inlet temperature 220 C
Injection temperature 1wl

Initial 50 C, 1 min
Oven temperature 20 C/min to 240 C

Final 240 C
Detector temperature 250 C
Carrier gas Helium

Air 350 mL/min
Detector gas Hydrogen 45 mL/min

Helium make-up gas 30 mL/min

5. HPLC(High perfomance liquid chromatography) &4

HI S A e 4402 st 548 A #elstr] st AHSE
& dA AZvtEaHy +A AH]l= SHIMADZUARS] HPLCE AMS-3tdith. A
AFAREIYEZ(GPO)E ARt AERQ 2 Ao FAdEads S4s3
o AHL Asahipak ZH(GF-7Tm HQ, 7.5mm x 300mm)¥} Asahipak 7F=Z#
(GF-1G 7B, 75mm x 50mm)(Showa Denko America)S Z23ste] AF&3H4
Pump mode= Isocratic flow, Pump flow+= 0.5 mL/min, Oven Temperature= 35
T (maximum Temperature : 85 C)E 3to] & A A|7+e B[R o7 314
AER2 F8A5 05 %(w/v)E 3Aste] 20uL A A& FY7l= A F+
dstRow, o]y AEZ A FEA &AL 045um o] 27| (v =, Milipore
Inc.)E ol&3dte] oA#g & ARttt HHFd 24 A EFEE 2 Pullulans At

Qor Haiwu 342-805000714 % 10719 BEBAL 2489

=

it
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Figure 8. A chromatogram of

cellulose.
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1.050
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5992
6.358

F.Time

1.050
1.167
1.233
1.333
1.825
2.708
2.900
3.092
3225
4.792
6.183
6.625

Area
105852
227890
825201
761306

17286074
13350684
12541574
1722966
2023286
122430
1263544
6220640
56451447

10.0

Peak Report TIC
Arca% Height Height%
0.19 74716 0.21
0.40 92452 0.26
146 624275 173
135 610328 1.69
30.62 11514918 31.88
23.65 8836657 2447
22.22 11974383 3315
3.05 590027 1.63
3.58 556714 1.54
0.22 83478 023
224 275000 0.76
11.02 886344 245
100.00 36119292 100.00

GC-MS typical
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TIC*1.00

A/MH Mark Name

Carbon dioxide (CAS) Dry ice $3 R 74
Formaldehyde (CAS) BFV $3 Fyde $3
Acetaldehyde (CAS) Ethanal $$ Acetal
Formic acid, methyl ester (CAS) Methy
Methanol (CAS) Carbinol $5 Methylol
Water (CAS) Ice $§ Water vapor $$ Dy
Water (CAS) Ice $§ Water vapor $8 Di
‘Water (CAS) Ice $§ Water vapor $8 D1
2-Propanone, |-methoxy- (CAS) CH3(
2-Propanone, 1-hydroxy- (CAS) Aceto
Acetic acid (CAS) Ethylic acid $§ Vinc
Formic acid (CAS) Bilorin $3 Myrmicy

condensed liquid from

the



Table 6. Qualitative analysis from the disintegration of the cellulose.

Reaction Reaction Area(%) -

) ) ~ Formic
Cellulose ~ Temperature  Time MeOH  CO, Form Acet Formic acid Acetone Acetic acid O

(C) (hour) aldehyde aldehyde methylester acid o

Bilorin
70 1 52 0.9 - 1.3 - - 1.0 - 89.2
80 1 1.1 1.7 - 4.1 - 0.7 0.6 - 91.2
CMC 3wt 100 05 50 1.0 - 44 - 10 15 ~ 39
120 0.5 1.7 29 - 8.3 - 1.7 1.3 - 80.8
MC 1wt% 90 1 16.4 2.1 - - 8.2 - - - 73.3
MC 2wt% 90 1 38.1 0.5 - 0.9 2.2 - - - 54.6
MC 3wt% 90 1 41.2 0.4 - 3.0 1.2 0.5 - - 50.4
MC 4wt% 90 1 32.2 - 05 34 39 0.8 - - 59.2
90 4 27.55 - - 1.32 1.21 - - 992  44.03
100 4 32.24 - - 2.99 1.68 - - - 57.99
110 4 32.69 - 0.49 3 2.27 - - - 57.15
MC 5wt 120 4 3493 - 0.25 231 0.76 0.06 - G
130 4 36.35 - 0.41 4.48 0.88 0.62 - - 57.26
140 4 37.95 - 0.2 4.56 0.93 0.48 - - 55.89
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Area(%)

Reaction Reaction

- Acet P ) . Aceti Formic
; orm ormic act cetic
Cellulose  Temperature Time MeOH COq2 aldehyd Acetone ) acid H>O
(C) (hour) aldehyde methylester acid o
e Bilorin
MC 6wt% 90 1 32.68 - 0.2 3.46 15 0.25 - - 60.69
MC 15wt% 90 4 49.94 - - 0.81 0.56 - - 3.86 54.17
HPMC
(40-60cP) 100 1 20.1 4.2 - 3.1 1.2 - 3.0 - 67.2
3wt%
HPMC
(80-120cP) 100 1 224 0.9 0.3 3.6 - 0.5 2.7 - 63.0
3wt%
HPC 3wt% 100 1 0.8 - - 25.1 - 2.3 12.4 - 53.2
HEC 3wt% 100 1 4.3 1.3 - 3.2 - 4.2 4.4 - 725
Pure
90 1 4.1 - - - - - - - 90.0
Cellulose
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ket 3821 wkg-7]Abo 5] MC(methyl cellulose)®] FXkof] w& A3 & MC 1, 2,
3,4, 5 6, Twt% &N 270 mLe} HAikstra 3% 30 mLel 0.387 Mole/Le] &4t
Aold 63 mLE H7lste] REE& 7)o ¥ Hhg2% 90T A % 40rpmS
2 RESAIZIHA kS 300 mbar7hAl ZFskdvh. oA 71A, hElS wskAl A

H H
AW e g7l U= golo] BoWMA W7 £ARE AR WRel ol
J‘

A d w7A] HHdE] ¢=HS 300 mbar7bA] WlE b stE o] % wbEEo] oF
156 A% dék&s o 55 AAFAH AHAT &5 GC-MSE o] &3t A
A A eklem GC-FIDE o] &3sto] Wi iE+F% (Internal standard) &= A&
A skl

T
oo

GC-MSE o] &3to] AA A% Ayl Table 73 Figure 9o YeER ST |t
2% 90 Cold MC 1 wt%E MeOH, Acetaldehyde, HO°o] #& H9lom
=42 MeOH2 424 area%® HEHAth MC 2 wt%ol A= MeOH, Carbon
dioxide, Acetaldehyde, Acetic acid, Watere] #H& H o F8 =22 MeOH
2219 area%= HAEFHAE. MC 3 wt%olA= MeOH, Carbon dioxide,
Formaldehyde, Acetaldehyde, Formic acid, Formic acid Bilorin, Watere] A% =
Ao, Fo EFHQA MeOHS 2417 area%Z HEF AT MC 4 wt%ol A=
MeOH, EtOH, Carbon dioxide, Acetaldehyde, Formic acid, Acetone, Acetic acid,
Formic acid Bilorin, Watere] A& o, =8 EF<Q MeOH2 3516 area%=
AZH U MC 5 wt%ol A= MeOH, Formaldehyde, Acetaldehyde, Formic acid,
Acetone, Watero] HA&=0ow, 8 20 MeOH2 39.83 area%= 7 =5 Ut
MC 6 wt%olA = MeOH, Carbon dioxide, Formaldehyde, Acetaldehyde, Formic
acid, Acetic acid, Watere] A&H o, 2 &2 MeOH2 4392 area%® 7
5. MC 7 wt%olA+= MeOH, Formaldehyde, Acetic acid, Formic acid
Bilorin, Watere] AZ&¥ o™, +2 2 MeOH2 549 area% = &= AT}
GC-FID= ©|&3% MeOH® A% &4 WL WHEFHS EtOH factors 71+
SEE

o2 areas AT AT SFE 099 mLo

ko



o] AlEE WHEL 1 F 1uE GC-FIDE #Aslern 1 AyE Table 8%
Figure 10°] Yetlidth 72 s=E = Aozl Alg5 £43% 43 MeOHY 5=+
MC 1 wt%9lA 8385 mg/L, MC 2 wt%lAl 260.63 mg/L, MC 3 wt%o°l 4]
354.01 mg/L, MC 4 wt%°l 4 302.07 mg/L, MC 5 wt%°lA 53791 mg/L v}A] 4}
o2 MC 6 wt%elA 602.39 mg/L= YeEst HegEe] 42 MC 1, 2, 3, 4,
5, 6 wt%oll A Z+7} 16.09, 57.86, 83.15, 87.60, 139.86, 144.57 mg/L= YEFS:
GC-MSE o] &3 HA B4 Ay MC 5 6 wt%olHd MeOHS area%”} Zt
39.83, 43928 71 =A dojxon, o= MC 5, 6 wtX%7F &9 HA vk
A9dE 9o A¥E Tt ¢ 4 Ay GC-FIDE o] &3t wekso A FS
A A3 JA GC-MSeF rh7EA = MC 5, 6 wt%oll A ZH2F 139.86, 144.57
mg/Le = 7 BE MeOHS fojlilon o= AA 4 ZA3e FAE 2o
2 e

YA
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1.1 A4 #4(GC-MS)

Table 7. Qualitative analysis of condensed liquid from methyl cellulose reaction with various concentrations.

Product distribution (Area %)

MC Reaction
Form Acet Formic acid Formic acid
concentration ~ Time  MeOH COq Acetone  Acetic o H>0O
aldehyde aldehyde methylester Bilorin

(Wt%) (hour)
1 4 4.24 - - 1.7 - - - - 88.22
2 4 22.19 0.6 - 3.56 - - 1.57 - 65.62
3 4 24.17 1.06 0.26 1.79 0.75 - - 11.47 60.5
4 4 35.16 0.92 - 1.84 1.27 0.26 2.88 17.43 39.17
5 4 39.83 - 0.29 1.73 1.37 0.29 - - 48.92
6 4 43.92 0.36 0.36 2.44 16 - 2.47 - 46
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50

Area (%)

MC (Wt%)

Figure 9. Qualitative analysis of condensed liquid from methyl cellulose with

various concentrations.
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1.2 4% 4 (GC-FID)

Table 8. Determination of the quantitative factor for ethanol as a internal standard

compound.
Number MeOH area EtOH area factor(f)
1 5654.8 10805.2 1911
2 10735.8 21941.2 2.044
3 10705.1 21812.7 2.038
Average 9031.9 18186.4 1.997
PA 'g
"1 methanol h
8000 3 \ ethanol
5000 2
]
3000 7
2000 4
2000 4 ‘
1000 - ‘ |
!
0 TR
: a 5

Figure 10. Chromatogram analyzed result of the uses the internal standard method

ethanol and methanol.
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Table 9. Concentration of the methanol by internal standard analysis with con-—

densed liquid from methyl cellulose radical reaction.

MC Reaction MeOH Condensation MeOH
concentration Time concentration amount Product amount

(wt%) (hour) (mg/L) (mL) (mg/L)

1 4 83.85 192 16.099

2 4 260.63 222 57.860

3 4 354.01 249 88.149

4 4 302.07 290 87.599
5 4 53791 260 139.858
6 4 602.39 240 144573
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700

so0 4 | —— Concentration (mg/L)
—&— Product amount (mg/L)

500 1

400 A

mg/L

300 1

200 A

100 1

0 1 2 3 4 5 6 7
MC (wt%)

Figure 11. Concentration of the methanol by internal standard analysis with

condensed liquid from methyl cellulose radical reaction.
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2. methyl cellulose®] &% % A|7ho] W& AAE GC A

7Fet 37224 m&7) Aol A MC(methyl cellulose)®] %= 2 A7k W& A3

MC 1, 2, 3, 4, 5, 6 wt% T8 270 mL<} #4Eska4 3% 30 mLell 0.387 Mole/L

o] ZgatAlold 63 mLE #H7}ste] wrg-&7]o] ¥

A0rpm O & ¥FS-AZIH A ¢FE S 300 mbarZkA Z¢tstsith o714, S FEHA
Wz =

AAA 71 WS Z7lel = Gl FerA

3RS EE 90 ColA mukEE

2 w7hx] HHS] S 300 mbar7bA] Wy orA3tE o] F 1, 2, 3,
AXN ZE 22y 555 A FH ST

%2 GC-MSE ol gste] 44 £4 alglom GC-FIDE ol&ato v
=

FRTsHo=R A" 4 skt
GC-MSE o] &3t HA EAst A3+ Table 10% Figure 129 YeERH A, dF
S2%E 90 CTolA MC 5% 1 wt%e 1A3F ¥k8 5 A E4d-& MeOH, Carbon

dioxide, Formic acid, Watere] A& =%lem 2 =29 MeOH2 16.39 area%

Aok MC 2 wt%9 1A]zF d¥ks = A EZHLS MeOH, Carbon dioxide,
Acetaldehyde, Formic acid, Watere] A& H o, 2 EZ MeOH 38.11
area%® HAEZFH UL 2, 3, 4A|7F ¥+ > MeOH= 217+ 1466, 7.35, 7.32 area% =
HAEZEAE MC 3 wt%2] 1A dbg & A E24LS MeOH, Carbon dioxide,
Acetaldehyde, Formic acid, Acetone, Water®] A& FHom, F2 &2 MeOH
2 412 area% = AE=HUL 2, 3, 447 ¥ F MeOH= 2+
area% = A=HAE. MC 4 wt%e 1AzF wr& & A4 %é‘% MeOH,
Formaldehyde, Acetaldehyde, Formic acid, Acetone, Watere] A&HJoH, F2
=42 MeOH 3224 area%® HE=HAL 2, 3, 4A17F ¥H§ ¥ MeOH+= 7}t
19.69, 3.93, 219 area%= HE=HAtk MC 5 wt%e] 147 vbE +

MeOH, Formaldehyde, Acetaldehyde, Formic acid, Watere] A&HJ oW, 8 &
Aol MeOH2 4326 area%® HZ=HJ 2, 3, 443 ¥kS & MeOHE 717
39.08, 17.7, 854 area%= A=t MC 6 wt%e] 1A17F dbg 5= A 42
MeOH, EtOH, Formaldehyde, Acetaldehyde, Formic acid, Acetone, Water®| 75
Hom Fo E29 MeOHE 3268 area%® AEHHYa 2, 3, 4A7F ¥He 5
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MeOH¥ Z+7F 1158, 1096, 4.61 area% = A=HHAtE MC 7 wt%e 1A 7 ¥k
Al A E2S MeOH, Formaldehyde, Acetic acid, Formic acid Bilorin, Water©]
AEHJer, F2 EHA MeOHS 549 area%z HEFHAL 247 g &
MeOHE 4.89 area% 2 7 &5 ok

GC-FIDE ©]&3 MeOHS A% ¥4 W¥HL internal standard$! EtOH factorE

7o 2 areas A AT SFE 099 mLe =& €3 A+ 001 mLs F

"

st AEE WEJSH I F 1uE GC-FIDZ 43ttt 24 s=E 143t
S 3 Ao ARE EAg Ay= Table 113 Figure 13-14] YeERH ST
MeOHY =& T2z 1A 98 A] MC 1 wt%olA] 31375 mg/L, MC 2

wt%ol Al 514.21 mg/L, MC 3 wt%e°lA 929.81 mg/L, MC 4 wt%l4 999.30
mg/L, MC 5 wt%o|A 1770.48 mg/L, MC 6 wt%°l|A 1386.86 mg/LZE Aojx o
W, §kg AZto] A &HHFE R volx = o R Uyt MeOHO| +4 A4
F2 1, 2, 3, 4,5 6 wtolA ZH2} 4571, 63.69, 77.34, 89.10, 180.03, 148.05 mg/L
2 e

GC-MSE ©o] &3 MC9 5= % Azte] w&E AA &4 23 MC 5 wt% 143t
W8 § MeOH®| area% 7} 432622 7Hd =7 dojxlom, o= MC 5 wt%7}
W30l A sk xolw, IAIZE g Al HA EEAIRG S flo H¥S Foko
A g AT GC-FIDE ©]-&3t9] MeOHO w&% % AAZFS A3 A3 A4
SRR MC 5 wi%el A S5k 177048 mg/Lo® 7bg A et
, A o] 180.03 mg/LE MeOH7}F 7H4 ol AA = ok

Q
¢
H2 L2
0p!
L
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2.1 474 £4(GC-MS)

Table 10. Relative concentrations analyzed from condensed liquid by the methyl cellulose of the various concentration and

time.
Product distribution (Area %)
MC Reaction
Form Acet Formic acid Acetic Formic acid
Concentration Time MeOH COq Acetone H>0
aldehyde aldehyde methylester acid Bilorin
(Wt%) (hour)

1 16.39 2.1 - - 8.2 - - - 73.31

2 12.04 - - - 3.23 - - - 84.73

1 3 55 - - - 172 - - - 92.78

4 4.92 3.92 - - - - - - 91.16

1 38.11 05 - 0.89 2.22 - - - 54.6

2 14.66 1.21 - 1.46 1.19 - - - 80.41

2 3 7% - - 0.64 - - - - 92.01

4 7.32 1.37 - 0.81 0.7 - 2.06 16.82 70.92

1 41.2 0.38 - 2.96 1.17 0.52 - - 50.39

2 15.28 - - 2.26 0.67 0.3 3.05 - 78.44

3 3 5.87 - - 1.65 - - 452 8.7 79.26

4 3.54 - - 1.06 - - 4.87 12.07 78.46

5 3.32 - - 0.51 - - 6.02 22.12 67.55
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Product distribution (Area %)

MC Reaction
Form Acet Formic acid Acetic  Formic acid
Concentration Time MeOH COq Acetone H-0
aldehyde aldehyde methylester acid Bilorin
(Wt%) (hour)

1 32.24 - 0.51 3.35 3.92 0.81 - - 59.17
2 19.69 - 0.37 1.51 1.26 - 3.2 - 65.58
4 3 3.93 - 0.47 0.54 - - 45 12.44 78.12
4 2.19 - 0.37 0.21 - - 4.93 23.13 68.78
1 43.26 - 0.25 0.32 0.52 - - - 55.65

. 2 39.08 - 0.28 1.69 1.34 0.29 - - 54.1
3 17.65 - 0.46 0.32 0.35 - - - 80.94
4 8.54 - - - - - - - 91.46
1 32.68 - 0.2 3.46 15 0.25 - - 60.69
2 11.58 - 0.5 0.26 - - 1.86 10.52 68.86
6 3 10.96 - 0.75 - - - 2.02 11.06 74.19
4 4.61 - 0.39 - - - 2.99 14.52 76.79
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[ ] MeOH
40 - fl B
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=
-]
4
20 - _
10
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T E8E #Hada 1984 193534 F23F Hd4z435
MC-1% MC-2% MC-3% MC-4% MC-5% MC-6%

Time (hr)
Figure 12. Relative concentrations for methanol analyzed from condensed liquid by

the methyl cellulose of the various concentration and time.
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2.2 A% &2 (GC-FID)

Table 11. Concentration of the methanol by internal standard analysis with con-—

densed liquid from methyl cellulose of the various concentration radical reaction.

MeOH
MC Reaction MeOH Condensation MeOH accumulated
) ) ) Product
Concentration  Time  concentration amount Product
amount
(Wt%) (hour) (mg/L) (mL) ( amount
mg/L)
(mg/L)
1 313.75 60.00 18.8251 18.8251
2 223.31 71.00 15.8552 34.6803
1 3 99.39 80.00 7.9516 42.6319
4 65.41 47.00 3.0741 45.7060
1 514.21 71.00 36.5088 36.5088
2 205.93 66.00 13.5915 50.1003
2 3 114.92 67.00 7.6999 57.8001
4 103.25 57.00 5.8854 63.6856
1 929.81 61.00 56.7185 56.7185
2 231.48 66.00 15.2777 71.9963
3 3 75.00 48.00 3.6001 75.5964
4 54.56 32.00 1.7460 77.3423
1 999.30 65.00 64.9543 64.9543
2 229.91 81.00 18.6226 83.5769
4 3 56.04 77.00 4.3154 87.8923
4 41.54 29.00 1.2046 89.0969
1 1770.48 80.00 141.6382 141.6382
2 707.39 44.00 31.1251 172.7633
0 3 175.32 25.00 4.3830 177.1463
4 70.36 41.00 2.8849 180.0312
1 1386.86 94.00 130.3653 130.3653
2 180.33 65.00 11.7214 142.0867
6 3 116.46 38.00 4.4253 146.5120
4 51.25 30.00 1.5374 148.0494
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methanol by internal standard analysis with

liquid from methyl cellulose of the various concentration radical
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Figure 14. Accumulated amount of the methanol by internal standard analysis

with condensed liquid from methyl cellulose of the various concentration radical

reaction.

_42_

Accumulated product amount{mg/1.)



3. methyl cellulose 5 wt%2] WF-S-2 %o wWE AAHE GC 4

7Fet 3224 wkg- 7] A o A MC(methyl cellulose) 5 wt%9] WS- mo] wE 23
< MC &9 270 mL(135 g)¢t HAks44 3 % 30 mL(0.3947 g)ol 0.387
Mole/Le] #ikA o] 6.3 mL(0.0975 g)& X 7Isto] ¥hg-87]d ¥ ¥-g2% 90,
100, 110, 120, 130, 140 T4l wHEE 40 rpml = BESA7]HA ¢FH
mbar7HA] ZStetaith A 7IA, bE S wekAl #SHrlI

714
wowAM Wz YR AFetr] wel 4ol kgt
| =

A

GC-MSE o] g&3lo] HA EAs A3= Table 129} Figure 159 Y e vt
S 90 TCAAdE MC7F Esixo] MeOH, Acetaldehyde, Formic acid,
2-Propanone 1-methoxy, Formic acid Bilorin, Watere] A& How 8 &3
¢l MeOH 2755 area%® HEHAH. ¥&2% 100 TeolAd = MeOH,
Acetaldehyde, Formic acid, Watere] A& oW, £ EZS MeOHS 32.24
area% = A=Ak WS % 110 ColA+= MeOH, Formaldehyde, Acetaldehyde,
Formic acid, 2-Propanone 1-methoxy, Watere] A& HJomw, F& EH9I
MeOH-2> 3269 area%= HEHAT. HEE2% 120 TolAE  MeOH,
Formaldehyde, Acetaldehyde, Formic acid, 2-Propanone 1-methoxy, Acetone,
Formic acid Bilorin, Watere] A& %loH, F8 =2 MeOH2 34.93 area%=
AZEHAJAE dbE2 % 130 ColAl= MeOH, Formaldehyde, Acetaldehyde, Formic
acid, 2-Propanone 1-methoxy, Acetone, H-O°] A& o, 8 EZ<2A MeOH
& 3635 area%® AEHJT. WS 140 ColA+= MeOH, Formaldehyde,
Acetaldehyde, Formic acid, 2-Propanone 1-methoxy, Acetone, Watere] 7% %
om F9 E&o MeOHE 37.95 area%® 7 =% At}

GC-FIDE ©]&3 MeOHE A% +4 WH<L internal standard?] EtOH factorE
7Eo® areas AW AT $FE 099 mLel FEE 23 A& 001 mLe F

dte] A8E wEdon 1 F 1wE GC-FIDE &A1&t 2 ez Ao
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A A5E BX3 Z3= Table 133 Figure 169 YEFH AT 90 ColA 1870.15
mg/L, 100 TolA 380.90 mg/L, 110 TolA 32261 mg/L, 120 TeolA 202.82
mg/L, 130 CellA 23212 mg/L wkAI=e 2 140 CollAl 287.72 mg/L7} Ao A th
MeOH®9| AA &2 90, 100, 110, 120, 130, 140 TolA Z+7; 349.72, 143.75, 109.41,
88.18, 90.43, 100.08 mg/LZ YEFSLT

GC-MSE o] &3 A4 4 A3 140 ColA MeOHS| area%7} 37.952 7} =
A Aol GC-FIDE ©¢]&3e] MeOH® F=& wAg A3} 90 TolA
1870.15 mg/Lo. 2 7Md #& TLEE Hor, MeOHe AT AAl 90 TollA
349.72 mg/LE 7} ©e A EFS BTh
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31 A4 A4 (GC-MS)

Table 12. Qualitative analysis from condensed liquid by the various temperature of methyl cellulose 5 wt%.

MC 5 wt% Product distribution (Area %)
Reaction
Form Acet Formic acid 2-Propanone Formic acid

Temperature ~ MeOH Acetone o H0
(C) aldehyde aldehyde methylester 1-methoxy Bilorin
90 27.55 - 1.32 1.21 3.23 - 9.92 44,03
100 32.24 - 2.99 1.68 - - - 57.99
110 32.69 0.49 3 2.27 2.29 - - 57.15
120 34.93 0.25 2.31 0.76 - 0.06 - 61.58
130 36.35 0.41 448 0.88 - 0.62 - 57.26
140 37.95 0.2 456 0.93 - 0.48 - 55.89
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Figure 15. Qualitative analysis from condensed liquid by the various temperature

of methyl cellulose 5 wt%.
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32 A& &4 (GC-FID)

Table 13. Concentration of the methanol by internal standard analysis with con-—

densed liquid by the various temperature of methyl cellulose 5 wt%.

Reaction Reaction . Condensation MeOH
concentration
Temperature Time amount Product amount
(mg/L)
(C) (hour) (mL.) (mg/L)
90 4 1870.15 187 349.7182
100 4 380.90 217 143.7496
110 4 322.61 195 109.4080
120 4 202.82 250 88.1811
130 4 232.12 224 90.4251
140 4 281.72 200 100.0751
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Figure 16. Concentration of the methanol by internal standard analysis with con—

densed liquid by the various temperature of methyl cellulose 5 wt%.
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4. methyl cellulose 15 wt%9] Ax @ Al7te] WE AYHE GC 4

olsdlle] wkg-7) Aol A MC(methyl cellulose) 15 wt%9] HFEA|7to] wE 28O
MC 89 1 L(150 g), HoO2 111.1 mL, Fex(SO4)3 23.3 mL, K»S:05 50 g¢& H7}
o] WhS-g7)o] Wi w32 100 CTolA 154123 30417HS 44 AAE &

=)
e

A
it
rlo
D
@
=
)
(nt
o,
ofo
PrL
s
ol
O>~
Mro
1%
PrL
¥

4
=2 TEete] AFAs o, A
i, GC-FIDZ A3 § & =4 .
GC-MSE dAgszt Abd= Aozl N85 B4 43 A3 Table 149
Figure 179 YehAATE 1547kl = MC7F a5 o] MeOH, Acetaldehyde,
Formic acid, Water, Acetic acide] A% Ao F8 =220 MeOH2 4994
area% = AZE At 30A 7= MeOHS Water =4v AE HIdon,
MeOH& 852 area%® 7 &5 Stk

GC-FIDE ©¢] &3 MeOHE A% 4 Wi -2 internal standard?! EtOH factorZ
7|22 areas AHF AT $FE 099 mLe =5 <3 A& 001 mLE F
date] ANEE BHENSH 1 T 1 UE GC-FIDE 48 A8 g Azhd
2 dojx A7 E EA43% A= Table 153 Figure 189 YeERWSIT 15, 3047
o A 3 MeOHS #X=+ 7Z+7F 1024.64 mg/L, 124.62 mg/L7} AdojH o™ MeOH
o] A= 15, 30A17HAAl Al ZH2E 69.68, 9.35 mg/L7F A4 = LTt

A4 2 A B4 23 dAeE 1541 S W MeOH®| area% 7t =4 £
Hom, HAAg Algte] AAAFE MeOHO o] #aHE AL s

—
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41 74

3

A1 (GC-MS)

Table 14. Qualitative analysis of product distribution with pretreatment time of

methyl cellulose 15 wt%.

Pretreatment Decompression Product distribution (Area %)
Reaction Reaction Acet
Me Formicacid
Time Time aldehyd Acetic  H0
methylester
(hour) (hour) e
15 49.94 0.81 0.56 3.86 54.17
30 852 - - - 91.48
60
50
© 40
o
< 3
T
(@]
L)
=
10
0 B
15 30
Time (hour)

Figure 17. Relative concentrations for methanol from condensed liquid by

pretreatment time of the methyl cellulose 15 wt%.
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42 4% £4(GC-FID)

Table 15. Concentration of the methanol by internal standard analysis with con-—

densed liquid by pretreatment time of the methyl cellulose 15 wt2%.

pretreatment Decompression

. . ) MeOH
Reaction Reaction ) Condensation
] ) concentration Product
Time Time (me/L) amount .
mg, amoun
(mL)
(hour) (hour) (mg/L)
15 4 1024.64 68 69.675
30 4 124.62 75 9.347

1000 - B Concentration(mg/L)
B Product amount(mg/L)
d 800 -
o
E
S 600
0
£
]
8 400 -
!
o
[
200 -
N ]
15 30
Time (hour)

Figure 18. Concentration of the methanol by internal standard analysis with

condensed liquid by pretreatment time of the methyl cellulose 15 wt%.
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A28 methyl cellulose 2tt]Z &3] ¥k-S-o] w& HPLC #4]
1. methyl cellulose 15 wt%¢] A& HPLC #4

MC 15 wt% F8 9L methyl cellulose 150 g3} £/ 850 mL& 4o A|=x 3
gdom ol= 054 AT A BE syringe filterg ©]&3ste] of7gk & HPLCOl 20

WE Fetel BAsTh R RS HPLCE ¥A87] Ao suvs $4
S Apgate] e AR Ut 248 Eapee] uheh 342-8050007
A F 1070 BAS AR 2Asv dH 44 At Figure 199 2O

24
o, B4 A wREE Abel w Expgel 2 2o WA Aol Wi AL &
s
=

of UWFel AZHE AL FHAstart
IR o] gsto] olagk Alg=s BAg A= Table 163} Figure 200 YERH
A} gko] MCO it HA%S 1905539-5606,1082 thkth MC 15 wi% &
ol HEs BAgo] Fob WS @ ul kst B Hx Pk 2%y uEo
WA Bgol Madd WA RS MC 15 wt% 86l FexSO9 H05

3%E F7FE F KoS:0s 5%E WL e wg7olA 1x A= 1543k, 22t
AA e 2 3041 27 9he5 AA AAE MC 156 wt% 7845 Aot
15A1 7k 30413 A g ol A o el whEAlgbo] et Abwkel] WX = ¥k
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Figure 19. Calibration curve of the standard material as a function of molecular

weight.
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Table 16. Average molecular weight analysis of Methyl Cellulose 15 wt% aqueous solution.

4 Ret. Number Weight Z Ave. Z+1 Ave.  Viscosit Mw/ My/M Mz/
v/Mn
Time Ave. Ave. M.W. M. y Ave. Mn Mn
Total 3008166 4663200 7341010 12588077 0 1.55018 0.0 157424
1 8.897 5606108 6600050 8670067 13359127 0 1.17730 0.0 1.31364
2 9.457 1905539 2244741 2461598 2617692 0 1.17801 0.0 1.09661
EE DetA Chi
=]
|:|_
-5 —
T A —
o s 7 a7 T4 77 T2 77 25 '

min

Figure 20. Typical HPLC average molecular weight analysis of Methyl Cellulose 15 wt% aqueous solution.

_54_



Table 17. Average molecular weight analysis after the 15 hours pretreatment of Methyl Cellulose 15 wt9%.

4 Ret. Number Weight Z Ave. Z+1 Ave.  Viscosit Mw/ My/M Mz/
v/Mn
Time Ave. Ave. M.W. M. y Ave. Mn Mn
Total 11 1013865 30070602 31558241 0 88356.73526 0.0 29.65939
1 6.987 26232215 28323724 30071354 31558241 0 1.07973 0.0 1.06170
2 20.998 45 46 46 47 0 1.01278 0.0 1.01350
3 21.307 31 31 32 32 0 1.02094 0.0 1.01860
4 22.270 6 10 12 14 0 1.70212 0.0 1.27152
o= Detf Chi
400
75
5.0
25 Lo
.,
oo T T T T T T
o o 10 18 20 25 =20

min

Figure 21. Typical HPLC average molecular weight analysis after the 15 hours pretreatment of Methyl Cellulose 15 wt%.
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Table 18. Average molecular weight analysis of residue after the 15 hours pretreatment of Methyl Cellulose 15 wt% and

decompression reaction.

4 Ret. Number Weight Z Ave. Z+1 Ave.  Viscosit Mw/ My/M Mz/
v/Mn
Time Ave. Ave. M.W. M. y Ave. Mn Mn
Total 19 773503 30342176 31945265 0 41293.49175 0.0 38.97503
1 6.979 265198833 28536757 30343323 31945265 0 1.07605 0.0 1.06331
2 20.923 46 46 47 48 0 1.01739 0.0 1.01835
3 21.309 31 31 32 32 0 1.01684 0.0 1.01493
4 22.301 9 11 12 14 0 1.17431 0.0 1.14442
% Det.® Ch1
™

H

10

E f.070

T T T T T T
u} a2 10 = Z0 z25 20

Figure 22. Typical HPLC average molecular weight analysis of residue after the 15 hours pretreatment of Methyl Cellulose

15 wt% and decompression reaction.
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Table 19. Average molecular weight analysis after the 30 hours pretreatment of Methyl Cellulose 15 wt9%.

4 Ret. Number Weight Z Ave. Z+1 Ave.  Viscosit Mw/ Mv/Mn Mz/
Time Ave. Ave. M.W. M. y Ave. Mn Mn
Total 5 9 14 20 0 1.71904 0.0 1.57421
1 22.500 12 13 17 21 0 1.16264 0.0 1.23110
2 23.263 3 4 5 5 0 1.26579 0.0 1.13559
5 Deté Chi

200
FEN il

L8} o 10 15 =20 25 20
min

Figure 23. Typical HPLC average molecular weight analysis after the 30 hours pretreatment of Methyl Cellulose 15wt%.

_57_



Table 20. Average molecular weight analysis of residue after the 30 hours pretreatment of Methyl Cellulose 15 wt% and

decompression reaction.

) Number Weight Z Ave. Z+1 Ave. Viscosity
# Ret. Time Mw/Mn Mv/Mn  Mz/Mn
Ave. Ave. M.W. M. Ave.

Total 2 32 629 1357 0 17.34805 0.0 19.92610
1 20.301 164 349 816 1365 0 2.12400 0.0 2.34138
2 21.156 44 45 46 48 0 1.02442 0.0 1.02536
3 22.514 7 10 13 17 0 1.37992 0.0 1.32646
4 24.532 1 1 2 2 0 1.11740 0.0 1.10773
5 26.707 1 1 1 1 0 1.02509 0.0 1.02493
6 28.192 0 0 0 0 0 1.03172 0.0 1.02760

12_5__ = et Ch1
5.0
o 5 10 5 20 25 a0

Figure 24. Typical HPLC average molecular weight analysis of residue after the 30 hours pretreatment of Methyl Cellulose

15 wt% and decompression reaction.
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Figure 25. Number and weight average molecular weight of Methyl Cellulose

15 wt% after 15hr and 30 hours pretreatment.
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GC-MS &4 23 5 6 wt%d w ZH7} 39.83, 43.92 area%= 7}4 =A Ao
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Methyl cellulose 5 wt% 2] WF3-21%2(90-140 C)ol w& HAES A4 3 Ay
MeOH, Formaldehyde, Acetaldehyde, Formic acid, 2-Propanone 1-methoxy,

Acetone, Formic acid Bilorin, H0°¢] A& Utk FL& AAAEQA MeOH2
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