2010

86671

21

2



L e 1
1.2 2
121 2
122 e 3
123 5
1.3 5
1.3.1 . 5
1.3.2 6
L4 8
141 8
142 . 8
(R T T T T L L L P TP T PP PPN TP PSSP PPRILS 10
----------------------------- 16
2.1 16
210 16
2A00 e 16
2002 e 17
212 19
2101 e 19
2022 e 20
2. 1.3 21
D 14 e 23
2.2 27
221 27



2.2.2
2.2.3

3.1
3.2

4.1
4.2
4.3
4.4
4.5

5.1
5.2
5.3
5.4

6.1
6.2
6.3



7.1
7.2
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1.2

1.2.1

(T, =374°C, P, = 22.1 MPa)

(Supercritical water oxidation: SCWO)

(@)

(b)
NOx



SOy (Bermejo and Cocero, 2006)

(c)

(d)

(Kodra and Balakotaiah, 1994)

1.2.2
1970
1980 Modell (Modell, 1982)
(Meyer et al., 1995) (Gopalan and Savage, 1995, Hayashi et al.,
1997a) (Helling and Tester, 1988) (Brock et al., 1996, Koda et al.,
2001, Vogel et al., 2005) PCB (Weber et al., 2002)
(Swallow and Killilea, 1992) (Goto et al., 1999) (Cocero et al.,



2000)

MORAR

(Oshima et al., 2006)

Bermejo and Cocero(2006)
(Marone et al., 2005)
( ) PCB (
()

( 60 cm, 79

cm, 28 cm)

LCA LCA

(Svanstrom et al., 2004)



1.2.3

1.3

1.3.1

(Savage, 1999, Akiya and Savage, 2002)

(Akiya and Savage, 1998, Araki et al., 2004, Rice et al., 1998)

( , 2001, Henrikson et al., 2006)



(Henrikson et al., 2004) ( , 2008)
( , 2001, Hayashi et al., 2007b) (Hayashi et al., 2007a)

( , 2006)

(, 2001)

(Hayashi et al., 2007a)

(Henrikson et al., 2004)

1.3.2

Fig. 1.1

(Vogel et al., 2005)
Table 1.1 Fig. 1.2

Vogel et al.



Hayashi et al.(2007b)

H,0, + OH = H,0 + HO, (R171)
H,0O
H»,O OH, H,0,
HO,
H02 HOZ
H02 + H02 = H202 + 02 (R167)
H,0, OH

(2001)  500°C

Henrikson et al.(2006) 500°C

Watanabe et al.(2000) 400°C



Henrikson et al.

Table 1.2 Fig. 1.3

1.4

141

(Holgate and Tester, 1993)

H,, CO, CH;3;OH,
CH4(Webley and Tester, 1991, Holagte and Tester, 1993, 1994, Brock and Savage, 1995,

Brock et al., 1996, 1998, Alkam et al., 1996, Dagaut et al., 1996)



(Vogel et al., 2005)

Ploeger et al.(2006)

1.4.2

( T = 600°C, P =
25 MPa p = 0.1 g/cm®)
(a)
1000°C,
400 - 600°C
(b)
(c)
Savage(1999)

Akiya and Savage(2002)



(Feng et al., 2003, Mizan et al.,

1997)
15
50 MPa 100 MPa
Fig. 1.4
(Span and Wagner, 1996, Uematsu and Franck, 1980, Marshall and
Franck)

-10 -
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+M

OH < H,0,
A
+ CO
H,O
+ CH30H+ H H HOCO N H02
HCO + 0O,
CHon + 02
O HO
CH;0 H 2
+ M +0;
Fig. 1.1

(Brock et al,, 1996 )

-12 -



Table 1.1

Temperature Pressure Residence Initial methanol Oxygen/Methanol .. Activation energy
Refference K] [MPa] time [s] concentration [mmol/L] ratio [-] Reactor material [k3/mol]
Tester et al, 1993  726-803 246 6.9-9.6 1.28-5.68 045-271 Inconel 625 408.8+85.4
Brock et a/., 1996 773-863 249 02-14 0.58-0.79 2.80-11.1 Hastelloy C-276 32884
Rice et al., 1996 713-773 241 0.2-30 41-58 0.85-3.40 Inconel 625 179
Anitescu et al., 1999  673-773 253 3.2-49 45-58 1.50-3.00 Hastelloy C-276 172
, 2001 700-800 247 2.8-78 0.29-2.9 2.36-22.2 Hastelloy C-276 233
Koda et a/., 2001 613-703 24.6 0.7-31 36-306 1.62 Hastelloy C-276 176
6
4 X
|
X
2 - n X
] X X
X
XX
0 - - X
— X
T s A X
. (4
X -2 A
£
®e o A
-4 - °
° A
* * o9
-6
L 4
2
-8 1
—10 I I I I
11 12 13 14 15 16

1000/T [K1]

Fig. 1.2
Koda et al. > Rice et al.
A Anitescu et al. m Brock et al.
o Tester et al.
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Table 1.2

Refference Temperature Pressure Residence Initial methanol Oxygen/Methanol Reactor material Reactor
[K] [MPa] time [s] concentration [mmol/L] ratio [-] type
Watanabe et a/., 2000 673 25-40  120-540 280 3 SUS 316 Batch
, 2001 753-803 24.7-374 5.0-20 0.25-2.9 2.9-22 Hastelloy C-276  PFR
Henrikson et al., 2006 773 10.6-276 2.0-28 1.0 7 Hastelloy C-276  PFR
1 °
[
[
o
A
08 ] '
A
~—
e [
c
S 067
7 A
1
[<5)
>
c
(@}
o
e} i
g 04
S |
[<B)
=
|
0.2
|
0 I I I I I
0 100 200 300 400 500 600
Water density [kg/m?®]
Fig. 1.3

e Henrikson et a/, 2006 (7=500°C, r=5.55)

- , 2001

(7=500°C, r=55 s)

A Watanabe et a/, 2000 (7 = 400°C, r= 120 s)
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2.1

23 ~ 35 MPa
) 300 MPa
2.1.1
2.1.1.1
Fig. 2.1
TAIATSU SUS T-99248
Pump( )

JASCO Intelligent HPLC pumpPU-980

Back pressure regulator( )

JASCO Back Pressure Regulator SCF-Bpg

Fluidized sand bath( )
( ) TK-3T
Air compressor( )
TOSHIBA TOSCON

-16 -



Pre-heating line( )

Hastelloy C-276 (0.d. 1/16 inch, i.d. 1.0 mm)
3m
SUS316 (0.d. 1/16 inch, i.d. 1.0 mm)
( 10 m)
Thermocouple( )
SUS-316 K ( ,0.d. 1.6 mm)

Reactor( )

Hastelloy C-276 (o.d. 1/16 inch, i.d 0.8 — 1.0 mm)
Heat exchanger( )

( 1m)
Brass (o.d. 1/4 inch, i.d. 4.75 mm)
Hastelloy C-276 (0.d. 1/16 inch, i.d 0.8 -1.0 mm)

Filter( )

Swagelok SS-2TF-7(SUS316 |, 1/8 inch )

Swagelok SS-4F-K4-7(SUS316 , pore size 7 um)

Swagelok SUS316
SUS316 (0.d. 1/16 inch, i.d. 1.0 mm)
2.1.1.1
30 min
20 min 0.14

217 -



mg/L

MPa

(%=5°C)

(GC-FID)

GC-FID

( , 2001)

(TOC)

30 min

-18 -

(GC-TCD)
5

2.1.3

10 ml



2.1.2

2121
Fig. 2.2
Fig. 2.3
600°C 300 MPa 100 MPa
Pump( )
( 200 MPa 30 mL/min)
Back pressure regulator( )
300 MPa( )
Pre-heating line( )
Inconel 625 (i.d. 1.0 mm><0.66 m)
Ni-Cr Inconel 625 (i.d. 1.0 mm><10 m)
Mixer( )
Reactor( )
Inconel 625 (i.d. 1.0 mm>=7 m)
Ni-Cr
Heat exchanger( )
Butec SUS316

-19 -



2.1.2.2

+0.2)

0.2 MPa

100 mL

30 min
5 min =+0.1(
Re>3000
Reynolds
+2% ( +1% )
1~14

-20 -



2.1.3

(GC-TCD)
( SF-1) 5

1999)

(GC-TCD)
SHIMADZU GC-8A
He
Shincarbon ST
120°C /

100 mA  Attenuation 1

CO 4.01% CO, 4.01% CH, 4.01% He Balance

-21-
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(GC-FID)

(TOC

(ICP-AES)
(GC-FID)
SHIMADZU GC-14B
Porapak Q
N2 ( 300 kPa 90 kPa 50 kPa)
130°C
150°C / 200°C
Range 10°
(ToC )
SHIMDZU TOC-5000A
( )
( 150 mL/min)
(ICP-AES)
Thermo Jarrell Ash CID IRIS-AP
CID
N2
(1wt%)
1150 W 0.5 L/min
32.06 psi 100 rpm

-22.-



2.1.4

30%

TOC

ICP

69%

(CH30H)
(CH3;0H)

-23-



@), (19 =
® oy . 12
: . (11)
@ Y Y —
e
“B] 4=

e (O ©

(7)
(8)

Fig. 2.1

(1)CH;0OH/H,0 (2) H,0,/H,0 (3)He gas (4)Pump (5)Thermocouple (6)Pre-heating line
(7)Reactor (8)Fluidized sand bath (9)Heat exchanger (10)Back pressure regulator
(11)Gas liquid separator (12)GC-TCD or Gas flow meter (13)Cooling water

-24 -



(7)

(6) (13)
37 ] @ 19 4 1t
ol 98 -
—<
®7 (12)
®
@ ()
) <) '
(6)
)
Fig. 2.2

(1)CH,;0H/H,0 (2) H,0,/H,0 (3)N, gas (4)Valve (5)Pump (6)Accumulator
(7)Preheating line A (8)Preheating line B (9)Mixer (10)Tubular reactor
(11)Heat exchanger (12)Back pressure regulator (13)Cooling water

-25-



CH,OH/H,O
@1.0 mm><0.66 m

H,O,/H,O
@®1.0 mm>=<10m

Fig. 2.3

-26 -
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2.2

Closed Homogenous Batch

Brock et al.(1995, 1996,

2.2.1
CHEMKIN Release 4.1.1(Kee et al., 2007)
Model
1998) 22 151
CHEMKIN

2.2.2

CHEMKIN
P = PRT

Pinput [Pa] p [kg/m3] R[J/mol/K]

420°C 25.0 MPa Py = 41.7 MPa

Physical properties for water version 5.1(Smith)

Span and Wagner(1996)

-27-
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2.2.3

CHEMKIN
CHEMKIN
(Rate-of-production analysis) (Sensitivity analysis)
CHEMKIN i
Sij
o o] /[]

ij

é’kj kj

[xi] i i J
j i

-28 -



500 kg/m?

3.1

(25 MPa)

(2006)  Stokes-Einstein

(,1997)

ky, =4R" (D, + Dy )N,

R" [m] D; [m%/s] [

A B

-29-

Na[mol™]

kq[m3/mol/s]

(3-1)



(Lamb et al., 1981)

prf=224x104.T0m3

P et} p [g/cm?]
400  700°C

Stokes-Einstein

D = kBT
I 677R,
ke [J/K] ) [Pa sl
(3-2)
Di - % ’ Dself
R

Lennard-Jones re [m]

O'[m] Lennard-Jones

§/2
=— .0
2

r.LJ i i

-30 -

T [K]

Ri [m]

Lennard-Jones

(3-2)

(3-3)

(3-4)

(3-5)



(3-1, 3-4, 3-5)

6
ky =4r- Q : (O_A +0g )Dself (M + MJN A (3-6)
2 o Og
(o,+0g)

kd =2 Q/Eﬂ- ’ Dself O water —h N A (3'7)
Op0p
kd Op = OB (kd, min)

kd,min =2 %ﬂ ’ Dself O water NA (3'8)

O-Wﬁ[er = 2.641 A ( y 1993)
(3-8) kg [cm®/mol/s]
Flg 3.1 kd’ min

-31-



3.2

3.1

1 1 1
_— = 4+
ka kd r

H+ HO; = OH + OH

H,0, (+M) = OH + OH (+M)

OH + HO, = H,0 + O,

Kg

Appendix

-32-

(3-9)

(3-10)

(R154)

(R167)

(R170)



(R154)

(R170)
(R167)
(3-10)
Table 3.1
1.00
(R170) 15%
1300 K

15%

-33-

(R167)

(R154)

(3-10)

40%

(R167)



Logy ( Ay min [cM3/mol/s] )

15.6

154 -

15.2 1

15 -

14.8 -

14.6

14.4 -

14.2
20

40 60 80
Pressure [MPa]

Fig. 3.1

— 500°C — 450°C — 420°C

100



Table. 3.1

(ks , ki
k /%,
Temperature Pressure Reaction number
[°C] [MPa]
R154 R167 R170
25 0.87 1.00 0.96
30 0.82 1.00 0.95
420 50 0.64 1.00 0.87
100 0.58 1.00 0.84
25 0.89 1.00 0.97
450 30 0.86 1.00 0.96
50 0.69 1.00 0.90
100 0.59 1.00 0.86
25 0.91 1.00 0.98
30 0.89 1.00 0.97
500
50 0.78 1.00 0.94
100 0.63 1.00 0.88
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FEBR (80 2 R SO AR ) & B EHE /) 300 MPa O & R E A W e EBR AT o7,
TR R SIS B A T, A ) — L OB ER FROK R S 23T 5 T 7o
?ﬂ'é”/ﬁ’)flo

4.1

TR CO R B AR T 5720 | il K R AKFERDINDVICER ATV T LT
KEKERIRTHIEIZLS T B RO T 52 Lo, BVl E IC BT A% ) — )L
fnfb 2R AFig. 4.1 [T, AX 7 — VIR FEILFA TR EC 21.8 mmol/LTHY | il &% 450,
500°CEL, AR Z 2 T 7 ayhliz, 28, &4 07 ayME, REHICBITLY
2y hD = JEE) Th D, 500°C, 14 sTHA(LER AN 3%FRFE L7272 1FZ DT RS T 1% A
L0 EBRRZOH I TIRTERLEN BB 2 ThWEEbns, BEEO#H & (Tester et
al., 1993, Brock et al., 1996, Rice et al.,1996, Anitescu et al., 1999, KW, 2001)(ZFH\TH
B RITFEEL THE S —B U MNC, LS ~DO BT CE OB E ThDH, LIzhi-
T, RIFFEOFERLBEAE DO TE LG E L TRY, KR X 280 O % 51X BHT&5
LEZBND, L= > Ty T LA DENTIZ B W TITER T B RY | By RO % 512
ONTE WD ELT,

4.2

AT BT, BRI S DR FE TR &L CE R b K F 2 V-, bk E I3
FOOKEBEA BUSIZBIT A EER KIS D O EDTHY , RO MR OEEE AL K 3 93BG 2 e
THAHEME N SH D LIRS TV 5 (Vogel et al., 2005), 2T, AAFFRICENTH, B XA

(@ BRI SR D353 R L2 W SR THRERZAT VN R R D1 BRI K 38 1285 BOS DOE %)
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RATOWTHREE LTz, 185 O F2BRIF (I L KB DO T AT A% 10 mEEELL TWDHD
ZRL, PR AL /2 ZLiZdo T RO MOEBL KR ZHE AL, 723, ik
ROTERER DL o722 8ITED | PRNRAR 55 THLAREMENRH DL, IRE % O E
IZBIL T £5°COFPHICB S E-THRY | IREZLIC LD LR O ELIT | TEDHHD
EEZBND, Fig. 4.2 [TBBALIKE TELY -2 LOSEIZHBITHAX ) — Vs LR O
IR AFPE AR T, TEVRL., TR B LK R D RFEL TODIEE DT MR DT
LD @MW e DND, LU, LR OZEEITHEUNOHIF THY, IR AZZET
Dl MG TEDRE THD, LIzW > T AFRICB N UL TR Z 47 12H > THD D3,
HLTENAR A+ TlREL KR N> Th, RERIE(LRDOE R ITA TN LD R
iz, UL EZEEZ | AW CIER SR OB LK R KD ONMEEITBL RN EL T
VLR a9 %0

4.3

HE i S KB L BOS X @ R & I E O RS S THY, IMWE RRE ICH D, 5 Thik /=&
BY, RSB RICIVGR N AT D EORMBENRAEL, 7T MO EERAME 1T 572
ElnolcfEbdh o, BRI TR RWEBBLEREEIZB o RS g DR T IT Rk
IR RSN AHZ TR | BERF R i OIS N LT D, ZOZEIZXY KIS~ E R
DA RENED D, ANFZEZE DBEE DA FE(CK I, 2008)IZ35W N Th S I #m DL JEE 2 Lo
T, RICEMFICBITDHERE DSOS ERP R DEVIHMEZ L TWD, EHEREIZE->T
PGB DY6 L Bl ITH S O R E AW T T BT — 2 & i WSR2 H
WTCAT 2B T — X DR RN L 700 EENVLETHD, £2, @5 TiE Hastelloy
C-276 1% SUS316 |Z [ L CHAALZR D ZEAL DV NN ZE 3 DDy TEY | RIFFEIZB VT
Hastelloy C-276 ZMHW\oZlb U7z, i HIEREN G 2 DHA L BA~DLEEL R DT, A
=V DAL ST OUWT, Hidh @ Hastelloy C-276 flF 2—7% v, RIUEKMETHDAZ
J— VLR IR ONE— R iR 3 . ER AL SR SR IR D@ RA R MUK A M E DR FE & AT o 72,
fEF % Fig. 4.3 17T, BUGOPHICB O IR LRIMENEZAHNE—RFIIC ER L
%BUIKTL, ZORIXIZIE - EDMER O MERINIZ, —BLIRFE . BLOZERL
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RFDINFRIZEAL THAZ ) — VDR LR EFER DB M Z /R Uiz, £7o, SOSE OB IR
WZEFA DD, IS DER P D8 BAA L PREZL ICP THIEL, BHEhicA4
E Cr BEOYNI THY., Znbid Hastelloy C-276 2§54 8 THHZ LD, M
IKBRACBS StE TIE BTV L TE b D ThHEE ZBND, WO Cr BL O Ni
U BE D IEHR I AT M DWW T Fig. 4.4 1R T, BUSHIHNZIB W T NI AF B REITE
HU % T Z EL T Cr BEONi A4 BIEH L TODZEBHER SN, DI
5. HEIRIER 3 h B2 CIRI UG ORBITZ E(L L, & H 2R BHEITL T DE
2% %, L EDORERNS | RS DR ENZ EAL T DT A E S 22E06, Kl
i D B f a FOD 55 6 S Bl SUK BR AL BOS O BOSHZ TEIRF I LL Eo= 74
A=V T EATOMBERSDHEEZOND, T T, AFFICEB W THEARMITH LW ISR E &
HAWAIGAEIZIE 6 h BREOa T 4va=r a7V, G asDOIRIEAL TE L2 kL
7o ETEREIToT,

4.4

ARBFFRIC 1T 2 FZBRAEE DE LML T 272010, AX ) — Vs LR OIR AR A%
AT L JEPE = R — AR | BETE DO SRR E D FEl 21T o 7,

ARRFHTEBN T, A/ — L ORI B % & IR % £ 44 C 21.8 mmol/L TRHEE L7,
IR < JE S DOZACITEE VKB FE WAL T 5728 EBREMTOAZ ) — VI 13 0.94
— 1.3 mmol/L O CTEALT D, A¥ /— VDR ENEALT HZEZIVAZ ) — N fin b S0
AT DEWV ST @E R HDHH(KTE, 2001), 4 BIOGE 1T EZ (/N CHLIZDR
EROFEITEGETEDHLEZIOND, BB KEOREIIARERICIBN T, iR
ERS DEEFE DAY ) — VBRI LE R ERED 4.5 FLUL ETHY, RAFZEIZIBNT
(IAZ )=V DBACSUS IR HE D 0 R THHEH ZbND,

Fig. 4.5 1CA% 7 — LR ORERFEEZ R, IBED ER/ LEHIZ, AX/— L Ok
KN EFHLTCODBZERNDND, 2Ty AY =V D53 i G D BT O SOGE E 8 $ %
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FHT 2720108 — R 7y M RDMRHT AT 72, AR FEBRGAF Tk 3 5% & it C i )
B ENTEY, RNTORISITIEHRED 0 REE ZBND, /o, BEIEDOWFFEICED, AT
DEJEIAZ ) =N D—IR ToHHZEMMEIILTND, ZOTEND | AX ) — VD53 i i
HE XL F O IcREINS,

9[CH,OH] _ <[CH,OH] (4-1)

==

ZZC, [CH30H] [mol/m®liZA% /— VDR FE K [s 1T AY /— V55 i DR — URGE JE & 5K
TdhD, ZZ TR 7 [SIICBITDAX ) — VDGR %

[CH,OH], - [CH,OH]

X = 4-2
[CH,OH], (4-2)

EL. B-D)EIISH 0 2355 £ TR T 58,

~In(l-X)=k'z (4-3)

&L RTIENTED, £, BERSOKBICSUSIXT PV RIS THHT0 | E IR SOG

EATTLETIZIVINDROLBRIEFZE T DETIEISEE D/ NSWTT DR 2 [TRE
72T, ZO M Z T E I (ring) EMF5. ZOFHEEME B RS 2856 FHE W CREFE
MO ThHEE 2, (4-1) % FISHER 1i0g 5 7 TS T 528128 C,

- In(l— X)z k'(z‘—rind) (4-4)
155, ZOFEIICEL QX BENRES WZBITATY N OEFER OIENNT,
EEIIFEF B RIBEREICE > TH BN EL /o720, BB TONMNHH5E 1T

XFE BN E S SN2 T D REMEN H D72 | AT IITEE B L E TH D, 22T,
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FHEWIIBEE T, FE— REEER LN T 5, (4-3)LYD In(1-X) LW E REH] e 7w B
(ChafHE— KT ry FERES)DEEDR —K THHIEND, FE— R Ty OB EZ RO HT
CIZXY AZ )= Ny R OB — PR E R AL DI LN AR THD, LU ZOFEIC
HASWTARERITIBIT DAY ) — Vo3 fROBE— UOR & TE RO T AR 21T,

Fig. 4.6 [ZHt— W7 0y MOIREARFMEZ R T, 207 —ZIIE62ERHLHD0D, BF

B EUT L TEDI=D , REBRIT D b — IR BOR & A2 U T 24T o7, Z
DT 1y O E DR DI — KR E E A LD b D% Table 411273, {REZ O L
LEBIT, AF )= Vo R D E FE N KR EIRDIEN RSN, RICZD T —Z%JLIT,
DEE R BT DIEE L =T — DRl 21T > 72,

KERGy DAL S DR EE X IR EZALIZ L CTEb o THUR CTHY . SUGIR E DR IEE
X Arrhenius D, TEEINS,

k = Aexp(— %j (4-5)

ZZT A FHEER T E [MmoliFTE AL = r v X — R [Imol/KIXE R ESL. T [K]iLi
SHRE 2R T, 223, RIS DOWRERIFIEIT OV TIL, 4 TR H R H 2 WITEB IR
HERIZ Lo THRfrS TRy, £hickde,

k=AT" exp(—RiT) (4-6)

EE T miT oy FEZEE R IS AUT 172, BRIREEGR IS LUT 1 TH D, 72720, w0
B ICEB W TXexpPHEO F 5N XEL R TH D720, TNCRBITHIRE /L D2
B TED, Jo T ARIZBNTHUA-5)ZHWTHRIT 528875, (4-5) DML D A X
MEELD, BT LHL,
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Ink=InA—— 4-7)
RT

THHOT, UTICH LT Ink 27T ay 252810k -> T, ZOMEE (= —ER)MSIE ML =%
NX—ZEHHTHIENATRE TH D, AN IZE W THLZDO FIEIZL > TANTDOIEM LT
KX —EHH LT,

Fig. 4.7 IZArrhenius 7 0y bR, ZOF 0y hOEEDB AL ) — IV DAY RO x> T DI
PEAL =X =R LT EZAE, = 3.3X10% [kI/mol]&a~7-, ZDffEiXTable 1.1 [Z7RL
T2 BETE O SCHRIZ B DIEME L =R VX — D 1.7 — 4.1 X107 kI/mol&[A1 55 THY | BEFED
WFFE LRI B DR LKA 2B 28N TET,

4.5

FOSIREZEE L, MISENZZALSEHZEICLo TRKOWIHEIZELT 5, 2O EE
P2 DT, AZ ) — VAR RO IE THRAFYE DR G2 1T > 72, Fig. 4.812500°CIZ1F 5 A
&)= NVEEAL RO E TMKEMEZ R T, UNREALTIEH D23, JFE 1D BT - Tliiqk
BPR EFLTODERFDHARND, £2T, FENTHBITDHIERIZONT, FE—IKRT
By MZR DM AAT o720 A E NI D — IR 7y beFig. 4.9 (TR d, BV ReRH
FHETIESDERKRELARDLODOBRLRIVERRIEZ R U, ZOMEE DD — o
EHEF T 5L, Table 4.2 X5l o70, SO LRI ThH— RO & s K &<
2o TWDIENR DD D, T AREDERIZEF VI E R CERAZIToTEBY, 558
W25 ATEIRIT I > TWDRTREME DN BV | ZO%H FEERIVEE E a2 /NS AfEL > T
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T E THoT2lzd | A NIRRT AT - Tl Fig. 4.10 (a). (b)ICZNZHCOFB L
UCODILRDEIHEAFE DT By MR,

WAT . TS E OFE SR A B LT L TR (R R DB 2T 7. R BB
B B HE T
+
Ink = |n(kBTj— AG (4-8)
h ) RT

&L EIFD, 22Tk [IK]IZBoltzmannE 4%, h [J sliz 7727 &4k, G [I/mol]idx 7 A= *
AX—THY, TEBREEZE T, ZOXE BE ~EORM T, JENICIVREMD T2
&\

(6Inkj _ AV 4-9)
oP ); RT

LD, 12120 B0 BAfR R,

(ﬁj =-V (4-10)
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ZIZT,
AV =VT-3, (4-11)
B IRBE D5y ENARTED D UG R DRy EVRFE DR Z 5\ = D THY, AVID
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2B THY . AVIS0 DA (4-9)7 5, R EEIT A DE KFEEE D,
AV <0 OB E BT IEDOE R FEEZFF 2, 23 b iz > ToLe
Chaterlier® JEFENHFLE CEAHZETH A,

T2, (-9 BPIZK T DIn kDT hOEE D —AVIRT THHD T, ZOBIRMNSIEE
EIRFEAV 2B 528N AT RETH D, Fig. 4.11 (ZJE P [MPalizxf 9 5In (k [s') D7 1
YR, IR KW EMRMEZ R L TERY | AT OREERICBITDENRIR AR T
EMTETZ, 22T, B O FIEER T, AZ ) — V53 R OGO 73 OIE VAL IR FE 4 5
HL7ZEZAH, AVHIE, —6.0X10° cm¥/moltiesTz, A% ) — VD53 R B 31 DIE AL
RRE O FEBRAVRFENII R D20 B EEFOK P TOY T MNUSIZ I T DIE A IRTE I
—1.1X10% cm®/molf2 E & AL LI THY(Rice et al., 1998), AHFFEIZHITHMEIZT 7 b
B & B LT s Y NS ETHRIFE S /N EWEB 2 s, Eiz, @RS h oL
B 1 CHE R R 2 R T L3 o Bk K F& D B0y - Oy il SO

H,0, (+M) = OH + OH (+M) (R168)

(ZBAL T, 4 BB EOE I KD oy 7 o0 iR B E D TE AL IR FE 2 B R IS k> TRk 72
B 23& 0 (Akiya and Savage, 2000), =D A IZLHE | IEMHAL R FEIZITKE B O AN
TFAEL, K DIFAEIS L > THER 7R E R R & SME L 727200 TR TER WA R Z R H]
TEZELTND, ZOWMEITI T HIE AL R FE LA BRI 6% ¢ — 7 X 10°
cm®/mold AFELOLNTEY, K CRELIAMEIZZ04—4 —2HI 50 TH o1z,
Wb 7K 38 D HLAy 1 23 R RO IEAS ) — v DGR KA SRS IZ BV TH BB 72 KOG T
bHZ LM DN>TEY(Brock et al., 1996), AZEHR TRAEL OIL-IE ML AT b K
B DLy 153 R SUG ~D K Gy 1 D FF 5% L TS AT REME 3 5, BIIEDEZ AR
BROEBROME CRRENDRKREVIRILTHY, BROIMFNDLETHL0, BRI s
DENKFEEEZ BB CE, BRUCIZBIT KO ROETORMNHLHZ LN RENT,
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Methanol conversion [-]
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Fig. 4.1 (P =25 MPa)
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Methanol conversion [-]
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Fig. 4.2
7= 450°C, P =25 MPa
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Methanol conversion or Products yield [-]
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Methanol conversion [-]
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Fig. 4.5
[CH,0H], = 21.8 mmol/L ( ), P=25 MPa
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In (1-XT-)

Residence time [s]

0 5 10 15 20
O ,4. 1 1 1
° [ |
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[ |
o
. ., i
-01 1 A
.0
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-0.2
A ° o
-037 A
o
-0.4 ~
o

-0.5

A
-0.6

Fig. 4.6
[CH;OH], = 21.8 mmol/L ( ), P=25 MPa
A 530°C e 500°C m 450°C
Table 4.1 (P =25 MPa)

Temperature [°C] Pseudo-first order rate constant [s™']

450 23107
500 2551072
530 6.9><107"
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In ( k[s])

1000/T [K-1]

14

1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38

O | | | | | | | |

[ ]
_1 —
_2 -
_3 -

[ ]
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_6 - [
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Fig. 4.7 Arrhenius

[CH;0H], = 21.8 mmol/L ( ), P=25 MPa
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Methanol conversion [-]
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[CH;0H], = 21.8 mmol/L ( ), T=1500°C
> 35 MPa A 30 MPa ® 25 MPa m 23 MPa
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In (1-XT-])

Residence time [s]
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O | ‘ | | |
02 - “e Ae
X = o
A®
04 - m
Y
206 - A A
-0.8 x
A
-1 A
-12 -
14 - X
-16
Fig. 4.9
[CH,OH], = 21.8 mmol/L ( ), T=500°C
=< 35 MPa A 30 MPa e 25 MPa m 23 MPa
Table 4.2 (7= 500°C)

Reaction pressure [MPa]

Pseudo-first order rate constant [s™']

23
25
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35

2.7>107°
35107
5.8>107
901072
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COyield [-]

CO, yield [-]
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[CH;0H], = 21.8 mmol/L ( ), T=500°C

=< 35 MPa
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In (4~ [s™])

—5 I I I I I I I
0 5 10 15 20 25 30 35
Reaction pressure [MPa]

Fig. 4.11

[CH,0H], = 21.8 mmol/L ( ), T=1500°C
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5.1

(Fig. 1.4)

-B5 -

300°C

0.66 m



420°C

Fig. 5.1 34 71 100 MPa
T = 420°C
( )
0
5.2
( )10.9 mmol/L (

30 - 100 MPa

Fig. 5.2
10 - 50%
ICP

Cr Fe Ni

-56 -

500°C

98%

)330 mmol/L



Al

Cr
Fig. 1.4
400°C
(
5.4
Fig. 5.5
5.3

Cr Ni

Fig. 5.3

(
)4.46 mmol/L(

400 420 440°C

(

9>10? ppm
(2><107 ppm)

(Deliville et al., 2003)

)4.46 mmol/L

-57-

)1.15 mmol/L
/ 1.3) Fig.
0.7 ppm
( )1.15 mmol/L



Fig. 5.6

Fig. 5.7 400°C
Table 5.1
1.5><10% kJ/mol
Table 1.1
54
420°C (34 - 100 MPa)
5.3
Fig. 5.8
15 s
Reynolds 3000
420°C
Fig. 5.9 42 MPa
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Table 5.2
45 Fig. 5.10
In (k [s'])

3.3<10* cm®mol ( 6.0><10?

cm®/mol)

Akiya and Savage(2000)
HZOZ

+2><10 ' cm®/mol

440°C
Fig. 5.11 440°C
420°C
12s
Fig.
5.12 Table 5.3
1.0 ><10' cm®*/mol 420°C
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440°C
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Methanol conversion [-]

1.0

0.9

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

0.0

0.0 01 02 0.3 04 05

Residence time in pre-heating line [s]

Fig. 5.1 (420°C)
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Methanol conversion [-]
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0.6

04
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0.0

Residence time [s]

Fig. 5.2 (500°C)
[CH;0H], = 10.9 mmol/L  ( )
[H.0,], = 330 mmol/L ( )
e 30 MPa A 50 MPa
m 75 MPa > 100 MPa
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Metal ion concentration [ppm]

14

0 c —1 _|

—

30 MPa 50 MPa 75 MPa

Reaction pressure [MPa]

Fig. 5.3 (500°C)

Cr [ Ni

-63-
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Methanol conversion [-]
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Residence time [s]
Fig. 5.4 (400°C)
[CH;OH], = 1.15 mmol/L  ( )
[H,0,], = 4.46 mmol/L ( )
e 30 MPa m 50 MPa
A 75 MPa > 100 MPa
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Metal ion concentration [ppm]

14
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S

30 MPa 50 MPa 75 MPa 100 MPa
Reaction pressure [MPa]

Fig. 5.5 (400°C)

Cr [ Ni
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Methanol conversion [-]
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Fig. 5.6
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[CH;OH], = 1.15 mmol/L  ( )
[H,0,], = 4.46 mmol/L ( )
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In (1-XT-])
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Fig. 5.7
® 420°C A 440°C
Table 5.1

Temperature [°C] Pseudo-first order rate constant [s‘l]

420 31072
440 731072
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0.8

o
o

o
~

Methanol conversion [-]

0.2

0.0

5 10 15

Residence time [s]

Fig. 5.8 (420°C)

[CH;OH], = 1.15 mmol/L  ( )

[H.0,], = 4.46 mmol/L ( )
m 34 MPa ® 42 MPa

A 71 MPa =< 100 MPa
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In (1-X[-])
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-0.1

-0.2

-0.3

-05

-0.6

-0.7

Residence time [s]

2 4 6 8 10 12 14 16
Y o
X A
A " aa’
o
v o
A
X X
x A A
X A
X
Fig. 5.9 (420°C)
e 34 MPa A 71 MPa =< 100 MPa
Table 5.2 (420°C)

Pressure [MPa] Pseudo-first order rate constant [s‘l]

34 311072
71 3.6>107
100 45107
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In (4 Ts7])
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Reaction pressure [MPa]

(420°C)
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Methanol conversion [-]
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Fig. 5.11 (440°C)
[CH;OH], = 1.15 mmol/L  ( )
[H,0,], = 4.46 mmol/L ( )
e 39 MPa m 51 MPa A 86 MPa
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In (1-X[-])

Residence time [s]
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> e
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Fig. 5.12

Table 5.3

e 39 MPa

(440°C)

A 86 MPa

(440°C)

Pressure [MPa] Pseudo-first order rate constant [s'l]

39
86

7.7><1072
8.4><1072
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6.1

[CH30H], = 7.4><10™" mmol/L [O;], = 1.48 mmol/L

100 MPa

-73-



Fig. 6.1

(4-4)
Table 6.1
( )

Fig. 6.3

Fig. 6.4

CHEMKIN

1.9<10 cm®mol

( )
In(k’ [s-1])
CHEMKIN
(

-74 -

Fig 6.2

CHEMKIN

1.4><10% cm®/mol

3.3><10' mol/cm?®



6.2

500°C
2.0 mmol/L
Fig. 6.5
OH HO,
(Brock et al., 1996)
( Appendix

CHgoH + OH = CH,0H + H,0

CH30H + OH = CH;0H + H,0

CH3;0OH + HO, = CH,0H +H,0,

70%

[HO:] ([OH]/[HO,])

-75 -

[CH30H]o = 1.0 mmol/L [O;]o =

115, 257, 528 kg/m®

Table 6.2

(R52)

(R53)

(R54)

[OH]



100%

[OH]
[OH]
OH HO,
CH,0 + HO, = H,0, + HCO
HO, + HO, = H,0, + O,
H,0, (+M) = OH + OH (+M)
OH + H202 = H02 + HZO
H,0,
(R168)
Fig. 6.6
6.7 H.0,

(Fig. 6.7)

H20,

-76 -

[HO:]
OH
(R52 53 54)
Table 6.3
(R93)
(R167)
(R168)
(R171)
H,0,
Fig.
(Fig. 6.6(c))

H20-



HO, + HO; = H,;0; + O, (R167)

HO, + H,0 = OH + H,0, (R171e)
Fig. 6.8
(R171e)
(520°C 24.7 MPa) ( , 2006)
(R171ry) ey (R167) l67 Fig. 6.9
(R171,)
(R171ey)
(R171ey) H,0; H,0O,
(R171e)
(R167) (R167)
HO, HO:
H,0,
Fig. 6.6(b) HO,
Table 6.3 R171
R167
R171
Fig. 6.10 OH (R52 R53)
CH;0 CH,OH (o)} HO, (R32
R92) HO, (R167) H,0, H,0,
(R168) OH
HO, H,O H,0, OH (R171e)
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H,0;

6.3

6.1

(Vogel et al., 2005)

6.2

Table 6.4

CH30H + 0, = CH,0H + HO,

CH3OH + OH = CH,0H + H,0

CH3OH + OH = CH30H + H,0

CH3;0H + HO, = CH,0H +H,0,

-78 -

OH

0.01 s

(R49)

(R52)

(R53)

(R54)



(R49)

(R52) (R53)
OH OH
OH
H+H,O=0H+H, (R159 rev)
H,0, (+M) = OH + OH (+M) (R168)
H02 + Hzo =0OH + H202 (Rl?lrev)
Table 6.5
(R168)
(R171:) 1
(R159;) (R168)
(R171ey) H2O HO, HO,
Table 6.6

CH3;0H + O, = CH,0H + HO» (R49)
CHQOH + 02 = CHzo + H02 (Rgzrev)
H + O, (+M) = HO, (+M) (R148)
H,O + O, = OH +HO, (R1704y)
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(R170¢ey)

HO,
HO,
Table 6.7
CH30H + HO, = CH,0H +H,0; (R54)
HO, + H,0 = OH + H,0, (R171,)
(115 kg/m®) (R54) (R171)
(R171e)
Fig. 6.11
CH;0H 0, (R49) HO, HO,
CH;,OH H CH,OH (R54) 0, HO, (R92,ev)
HO, H,0
H,0, OH (171e) OH CH;OH H
H,0, OH
(R168) H20,
HZOZ
(171e0) H,0, OH

- 80 -



Methanol conversion [-]

1.0

0.8

0.6

04

0.2

0.0

20

Fig. 6.1

7= 420°C, [CH,0H] = 7.40><10"* mmol/L, [O,] = 1.48 mmol/L

— 705 kg/m?®

— 450 kg/m?®

40

60

80 100

Residence time [s]

662 kg/m?

— 301 kg/m?®
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— 600 kg/m?

— 131 kg/m?®
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In (1-X[-1)

Residence time [s]

0 20 40 60 80 100

0 ! ! ! !
-0.2

-0.4

NI I

-12

Fig. 6.2 ( )

T = 420°C, [CH,0H] = 1.0 mmol/L, [0,] = 2.0 mmol/L

— 705 kg/m? 662 kg/m?3 — 600 kg/m?
— 450 kg/m?® — 301 kg/m? — 131 kg/m?®
Table 6.1 ( )

Pressure Water density Pseudo-first order Induction

[MPa] [kg/m°] _ rate constant [s™] time [s]
25 131 3.2%<1072 63.7
34 301 41107 46.2
42 450 45>107 39.5
71 600 4.8>107 35.3
100 662 5.0>1072 34.0
130 705 5.1>107 33.2
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Pseudo-first order rate constant [s]

0.06

o

o

al
|

0.04

0.03 | ¢

0.02

0.01

0 200 400 600
Water density [kg/m?]

Fig. 6.3

7 =420°C, [CH;0H] = 1.0 mmol/L, [O,] = 2.0 mmol/L
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In (4~ [s])

Pressure [MPa]

0 50 100 150 200

250

-29 ! ! ! !

-31 2

-3.3 -

-35

-3.6

Fig. 6.4 In (k7 [s7Y])

7 =420°C, [CH;0H] = 1.0 mmol/L, [O,] = 2.0 mmol/L
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Methanol conversion [-]
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0.6

04

02

0.0

Fig. 6.5

2

3

Residence time [s]

C )

7= 500°C, [CH,OH] = 1.0 mmol/L, [O,] = 2.0 mmol/L

— 528 kg/m?*

— 257 kg/m?®
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— 115 kg/m?
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Table 6.3

Reaction Number Reaction Water density [kg/m’]

115 257 528
R52 CH30H + OH = CH20H + H20 -0.50 -0.52 -0.53
R53 CH30H + OH = CH30H + H20 -0.32 -0.22 -0.13
R54 CH30H + HO2 = CH20H +H202 -1.18 -0.68 -0.37
R93 CH20 + HO2 = H202 + HCO -1.08 -0.80 -0.53
R167 HO2 + HO2 = H202 + 02 1.58 1.40 1.22
R168 H202 (+M) = OH + OH (+M) -331 -2.90 -2.49
R171 OH + H202 = HO2 + H20 -0.96 -1.33 -1.50
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Fig. 6.6

Residence time [s]

« )

7= 500°C, [CH;OH] = 1.0 mmol/L, [O,] = 2.0 mmol/L

(a) OH

— 528 kg/m?®

(b) HO,

— 257 kg/m?
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(c) H,0,

— 115 kg/m?




Rate of methanol disappearance [107 mol/cm?]

9.0

6.0 -
3.0
00 B T T T T
0 1 2 3 4
Residence time [s]
Fig. 6.7 (

7= 500°C, [CH5OH] = 1.0 mmol/L, [O,] = 2.0 mmol/L

— 528 kg/m?* — 257 kg/m?® — 115 kg/m?
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(@)

0.8

0.6

0.4 -

0.2

Rate of H,O, formation [10° mol/cm?3/s]

(b)
05 -

Rate of H,O, formation [10” mol/cm3/s]
|
o
(6]

Residence time [s]

Fig. 6.8 H,0, ( )
7=500°C, [CH;0H] = 1.0 mmol/L, [O,] = 2.0 mmol/L
(a) R167 (b) R171,,

— 528 kg/m?® — 257 kg/m? — 115 kg/m?
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1.0

04 -

rl?lrev/ 67 [_]

0.2 ~
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Table 6.4

(500°C, 7=0.01 s, [mol/cm3/s] -1
Reaction Number Reaction Water density [kg/m’]

115 257 528

R49 CH3OH + 02 = CH2OH + Hop 325107 825107 825107
045 033 021

R52 CH3OH + OH = CH2OH + Hoo 3261077 7.82>107°  183>107"
018 031 0.47

R53 CH3OH + OH = CH3OH + Hpo 2211077 438>107* 768107
012 017 0.20

R54 CHIOH + HO2 = CH2OH +H20p  455107° 463107 476107
0.25 0.18 0.12

Table 6.5 OH
(500°C, 7= 0.01 s, [mol/cm3/s] [-1)
Reaction Number Reaction Water density [kg/m°]

115 257 528

R159e, H + H20 = OH + H2 193<10™  671%<10°  211><10™?
0.04 0.06 0.08

R168 H2O2 (+M)= OH + OH () 479107 806107 145107
0.09 0.07 0.06

R171, HO2 + H20 = OH +H202 453><107"  103><107" 21810
0.87 0.87 0.86
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Table 6.6 HO,

(500°C, =0.01 s, [mol/cm3/s] -1

Water density [kg/m’]

Reaction Number Reaction
115 257 528
R49 CH3OM + 02 = CH2OH + Hop 825107 82510 82510
0.31 0.25 0.18
RO2... CH2OH + 02 = CH20 + HO? 14010  1.72=<10  253%<107™
0.53 0.52 0.56
R148 H + 02 (+M) = HO2 (+M) 417=10™"  7.16x107°  114=<10™"
0.16 0.22 0.25
R170.., H20 + 02 = OH +HO2 825107  184>107° 377=<107"
0.003 0.006 0.008
Table 6.7 HO,
(500°C, 7= 0.01 s, [mol/cm3/s] [-1)
Reaction Number Reaction Water density [kg/ms]
115 257 528
R54 CH3OH + HO2 = CH2OH +Haop  488<107° 463107 476107
0.50 0.31 0.18
RI7L,, HO2 + H20 = OH +H202 453><10  1.03=<10"  218><10™
0.50 0.69 0.82
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Appendix

Appendix 1
( cm?, s, mol, K and cal)
# Reaction A n Ea
1 CH4+H=CH3+H2 1.33E+04 3.0 8.04E+03
2 CH4 + 02 = CH3 + HO2 3.97E+13 0.0 5.69E+04
3 CH4+0O0=CH3+OH 7.23E+08 16 8.49E+03
4 CH4 + OH = CH3 + H20 1.57E+07 18 2.78E+03
5 CH4 + HO2 = H202 + CH3 9.04E+12 0.0 2.46E+04
6 CH30H + CH3 = CH4 + CH30 1.44E+01 31 6.94E+03
7 CH4 + CH2 = CH3 + CH3 4.30E+12 0.0 1.00E+04
8 CH30H + CH3 = CH4 + CH20H 3.19E+01 3.2 7.17E+03
9 CH20 + CH3 = CH4 + HCO 7.80E-08 6.1 1.97E+03
10 CH4 + CH302 = CH302H + CH3 1.81E+11 0.0 1.85E+04
11 CH4 (+M) => CH3 + H (+M) 3.71E+17 -0.6 1.05E+05
Low / 1.29E+33 =37 1.07E+05
SRI / 450E-01 797.0 9.79E+02
H20/ 3.0/
12 CH3+H=>CH4 1.46E+01 0.3 1.05E+05
13 CH3+H=CH2 + H2 6.03E+13 0.0 151E+04
14 CH3+02=CH30+0O 1.32E+14 0.0 3.14E+04
15 CH3 + 02 (+M) => CH302 (+M) 7.83E+08 1.2 0.00E+00
LOW / 5.80E+25 -33 0.00E+00
TROE / 1.28E+02 04 -1.17E-01
1.29E+00
16 CH302 => CH3 + 02 9.99E+02 -17.0 -2.80E+01
17 CH3 + 02 = CH20 + OH 3.31E+11 0.0 8.94E+03
18 CH3 + O = CH30 7.95E+15 =21 6.24E+02
19 CH3 + 0 =H + CH20 8.43E+13 0.0 0.00E+00
20 CH3+0=CH2 + OH 5.00E+13 0.0 1.20E+03
21 CH3+OH=CH30 +H 5.74E+12 -0.2 1.39E+04
22 CH3 + OH = CH20 + H2 3.19E+12 -05 1.08E+04
23 CH3 + OH =H20 + CH2 7.23E+12 0.0 2.78E+03
24 CH3 + HO2 = CH30 + OH 1.81E+13 0.0 0.00E+00
25 CH3 + CH30 = CH4 + CH20 241E+13 0.0 0.00E+00
26 CH3 + CH20H = CH4 + CH20 241E+12 0.0 0.00E+00
27 CH3 + HCO = CH4 + CO 121E+14 0.0 0.00E+00
28 CH3 + CH302 = CH30 + CH30 241E+13 0.0 0.00E+00
29 CH3 (+M) => CH2 + H (+M) 3.16E+15 0.0 1.10E+05
LOwW / 1.02E+16 0.0 9.06E+04
H20 / 185/
30 H+ CH2 =>CH3 4.89E+13 153 8.30E+01
31 CH30 +H =CH20 + H2 1.81E+13 0.0 0.00E+00
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Appendix

# Reaction A n Ea
32 CH30 + 02 = CH20 + HO2 2.17E+10 0.0 1.75E+03
33 CH20+OH=CH30 +0 3.43E+09 1.2 -4 47E+02
34 CH30 + OH = CH20 + H20 1.81E+13 0.0 0.00E+00
35 CH30 + HO2 = CH20 + H202 3.01E+11 0.0 0.00E+00
36 CH30 + CH30 = CH20 + CH30OH 6.03E+13 0.0 0.00E+00
37 CH30 + CH30H = CH30H + CH20H 3.01E+11 0.0 4.07E+03
38 CH30 + CH2 = CH3 + CH20 1.81E+13 0.0 0.00E+00
39 CH30 + CH20 = CH30H + HCO 1.02E+11 0.0 2.98E+03
40 CH30 + CH20H = CH30H + CH20 2.41E+13 0.0 0.00E+00
41 CH30 + HCO = CH30H + CO 9.04E+13 0.0 0.00E+00
42 CH30 + CO=CH3+CO02 157E+13 0.0 1.18E+04
43 CH30 + CH302 =CH20 + CH302H 3.01E+11 0.0 0.00E+00
44 CH30 (+M) => CH20 + H (+M) 1.60E+14 0.0 2.51E+04
LOwW / 5.42E+13 0.0 1.35E+04
H20 / 15.4 /
45 CH20 + H => CH30 9.60E+11 14.0 1.74E+01
46 CH30H + H = CH30 + H2 4.00E+13 0.0 6.10E+03
47 CH30OH + H = H2 + CH20H 8.18E+13 0.0 7.59E+03
48 CH30H + H = CH3 + H20 1.00E+13 0.0 5.30E+03
49 CH3O0H + 02 = CH20H + HO2 2.05E+13 0.0 4.49E+04
50 CH3O0H + O = OH + CH20H 1.72E+13 0.0 4.91E+03
51 CH30H + O = OH + CH30 1.00E+13 0.0 4.68E+03
52 CH30H + OH = H20 + CH20H 1.35E+13 0.0 1.88E+03
53 CH30H + OH = H20 + CH30 1.00E+13 0.0 1.70E+03
54 CH30H + HO2 = H202 + CH20H 9.64E+10 0.0 1.26E+04
55 CH30H + CH2 = CH3 + CH20H 3.19E+01 32 7.17E+03
56 CH30H + CH2 = CH3 + CH30 1.44E+01 3.1 6.94E+03
57 CH20 + CH20H = CH30H + HCO 5.49E+03 2.8 5.86E+03
58 CH30H + CH302 = CH302H+CH20H 1.81E+12 0.0 1.37E+04
59 CH30H (+M) => CH20H + H (+M) 4.25E+15 0.0 9.09E+04
Low / 1.66E+16 0.0 6.57E+04
TROE / 8.20E-01 200.0 1.44E+03
5294843.255 5.20E-01 -0.2 1.11E+00
60 CH20H + H => CH30H 5.32E+15 16.7 7.47E+01
61 CH3OH (+M) => CH3 + OH (+M) 1.28E+16 0.0 9.09E+04
LOW / 497E+16 0.0 6.57E+04
TROE / 8.20E-01 200.0 1.44E+03
5294843.255 5.20E-01 -0.2 1.11E+00
62 CH3 + OH => CH30H 3.06E+13 18.3 7.00E+01
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Appendix

# Reaction A n Ea
63 CH2+H=H2+CH 6.03E+12 0.0 -1.79E+03
64 CH2 + 02 =CO + H20 241E+11 0.0 0.00E+00
65 CH2+02=CH20 +0O 3.29E+21 -33 2.87E+03
66 CH2 + 02 = HCO + OH 4.30E+10 0.0 -5.00E+02
67 CH2+02=CO+0OH+H 8.60E+10 0.0 -5.00E+02
68 CH2 + 02 =CO02 + H2 2.63E+21 -33 2.87E+03
69 CH2+02=C0O2+H+H 3.29E+22 -33 2.87E+03
70 CH2+0=CO +H2 6.00E+13 0.0 0.00E+00
71 CH2+ O =CH+ OH 3.00E+14 0.0 1.19E+04
72 CH2+0O=HCO +H 3.02E+13 0.0 0.00E+00
73 CH2+0=CO+H+H 7.26E+13 0.0 0.00E+00
74 CH2 + OH =CH20 +H 1.81E+13 0.0 0.00E+00
75 CH2 + OH =CH + H20 450E+13 0.0 3.00E+03
76 CH2 + H202 = CH3 + HO2 6.03E+09 0.0 0.00E+00
77 CH2 + CH2=CH3 +CH 2.40E+14 0.0 9.94E+03
78 CH2 + CH20 = CH3 + HCO 6.03E+09 0.0 0.00E+00
79 CH2 + CH20H = CH3 + CH20 1.21E+12 0.0 0.00E+00
80 CH2 + HCO =CH3 + CO 1.81E+13 0.0 0.00E+00
81 CH2 + CO2=CH20 + CO 2.35E+10 0.0 0.00E+00
82 CH2 + CH302 = CH20 + CH30 1.81E+13 0.0 0.00E+00
83 CH2 (+M) => CH + H (+M) 3.16E+15 0.0 1.02E+05
LOW / 4.00E+15 0.0 8.31E+04
84 CH+H=>CH2 7.29E+18 136 7.69E+01
85 CH20 (+M) =>H + HCO  (+M) 3.59E+14 0.0 8.97E+04
LOW / 1.63E+36 -55 9.67E+04
H20 /7 185/
86 H+ HCO => CH20 1.16E+12 16.1 6.72E+01
87 CH20 + H=H2 + HCO 1.26E+08 16 2.17E+03
88 CH20 + 02 = HCO + HO2 6.03E+13 0.0 4.07E+04
89 CH20 + O =HCO + OH 4.16E+11 0.6 2.76E+03
90 CH20+0O=H+CO +OH 6.03E+13 0.0 0.00E+00
91 CH20 + OH = HCO + H20 3.43E+09 12 -4.47E+02
92 CH20 + HO2 = CH20H + 02 3.39E+12 0.0 1.91E+04
93 CH20 + HO2 = H202 + HCO 3.01E+12 0.0 1.31E+04
94 CH20 + CH302 =CH302H + HCO 1.99E+12 0.0 1.17E+04
95 CH20 (+M) => H2 + CO (+M) 3.16E+13 0.0 2.63E+04
LOW / 4,08E+36 -55 9.67E+04
H20 /7 185/
96 H2 + CO => CH20 1.24E-13 148 7.47E-01
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# Reaction A n Ea
97 CH20H + H =CH3 + OH 9.64E+13 0.0 0.00E+00
98 CH20H + H = CH20 + H2 6.03E+12 0.0 0.00E+00
99 CH20H + O = CH20 + OH 4.22E+13 0.0 0.00E+00
100 CH20H + HO2 = H202 + CH20 1.21E+13 0.0 0.00E+00
101 CH20H + CH20H = CH30H + CH20 4.82E+12 0.0 0.00E+00
102 CH20H + HCO = CH30H + CO 1.21E+14 0.0 0.00E+00
103 CH20H + HCO = CH20 + CH20 1.81E+14 0.0 0.00E+00
104 CH20H (+M) => CH20 + H (+M) 7.00E+14 0.0 2.96E+04
LOW / 451E+25 -25 3.42E+04
105 CH20 + H => CH20H 9.91E+13 11.0 2.15E+01
106 CH + H2 = CH3 3.61E+10 0.0 -1.46E+03
107 CH+ OH =HCO +H 3.00E+13 0.0 0.00E+00
108 CH+0O=CO +H 3.97E+13 0.0 0.00E+00
109 CH+ 02 =HCO +0O 3.30E+13 0.0 0.00E+00
110 CH+ 02 =CO + OH 5.00E+13 0.0 0.00E+00
111 CH+ C0O2=HCO + CO 3.40E+12 0.0 6.90E+02
112 CH + H20 = CH20H 571E+12 0.0 -7.55E+02
113 HCO+H =H2 + CO 9.04E+13 0.0 0.00E+00
114 HCO + 02 = CO + HO2 5.12E+13 0.0 1.69E+03
115 HCO + O = CO + OH 3.01E+13 0.0 0.00E+00
116 HCO+0=C02 +H 3.01E+13 0.0 0.00E+00
117 HCO + OH =H20 + CO 1.02E+14 0.0 0.00E+00
118 HCO + HCO = CH20 +CO 3.01E+13 0.0 0.00E+00
119 CO + H (+M) => HCO (+M) 1.18E+11 0.0 2.72E+03
LOW / 6.31E+20 -18 3.69E+03
120 HCO=>CO +H 3.59E+05 -11.8 -1.22E+01
121 CO+02=C02+0 2.53E+12 0.0 4.77E+04
122 CO + O (+M) => CO2 (+M) 2.21E+14 0.0 1.05E+04
LOW / 6.17E+14 0.0 3.00E+03
H20 /7 12.0 /
123 CO2=>CO+0 7.89E-28 -18.2 -9.56E+01
124 CO+OH=>H + CO2 1.17E+07 14 -7.25E+02
High / 2.45E-03 3.7 -1.23E+03
SRI/ 1.39E+00 2365.0 2.02E+03
125 HOCO (+M) => H + CO2 (+M) 1.22E+01 0.3 1.66E+04
LOW / 2.64E+01 -3.0 1.77E+04
SRI / 2.49E+00 5755.0 1.60E+03
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# Reaction A n Ea
126 HOCO (+M) => OH + CO (+M) 1.28E+01 05 1.71E+04
LOW / 2.33E+01 -19 1.78E+04
SRI/ 1.37E+00 41100 2.68E+03
127 H+ CO2 => HOCO -9.10E-01 0.0 4.38E+03
128 OH + CO => HOCO 5.87E+00 -13 1.74E+04
129 HOCO + 02 = CO2 + HO2 8.73E+11 0.0 0.00E+00
130 HOCO + HO2 = CO2 + H202 1.00E+12 0.0 0.00E+00
131 HOCO + CH302 = CO2 + CH302H 1.00E+12 0.0 0.00E+00
132 CO + HO2 = OH + CO2 151E+14 0.0 2.36E+04
133 CO + CH302 = CH30 + C0O2 4.22E+06 0.0 0.00E+00
134 CH302 + H2 = CH302H +H 3.01E+13 0.0 2.60E+04
135 CH302 + H = CH30 + OH 9.64E+13 0.0 0.00E+00
136 CH302 + O = CH30 + 02 3.61E+13 0.0 0.00E+00
137 CH302 + OH = CH30H + 02 6.03E+13 0.0 0.00E+00
138 CH302 + HO2 = CH302H + 02 2.47E+11 0.0 -157E+03
139 CH302 + HO2 = CH20 + H20 + 02 2.47E+11 0.0 -157E+03
140 CH302 + H202 = CH302H + HO2 2.41E+12 0.0 9.94E+03
141 CH302 + CH302 = CH30+CH30+02 5.48E+10 0.0 -8.35E+02
142 CH302 + CH302 = CH30H + CH20 + 02 2.33E+10 0.0 0.00E+00
143 CH302H + H = CH30 + H20 7.27E+10 0.0 3.72E+03
144 CH302H + OH = CH302 + H20 7.23E+11 0.0 -2.58E+02
145 CH302H = CH30 + OH 6.00E+14 0.0 4.23E+04
146 H + H (+M) => H2 (+M) 2.24E+13 05 0.00E+00
LOW / 6.53E+17 -1.0 0.00E+00
H20 /7 185/
147 H2=>H +H 1.46E-19 -131 -7.87E+01
148 H + 02 (+M) => HO2 (+M) 1.63E+13 0.0 7.61E+02
LOW / 1.56E+18 -0.8 0.00E+00
149 HO2 =>H + 02 2.87E-03 -12.2 -3.76E+01
150 H+ 02 =0H +0 9.76E+13 0.0 1.48E+04
151 O+H2=H+OH 5.11E+04 2.7 6.28E+03
152 H + OH (+M) => H20 (+M) 1.62E+14 0.0 1.49E+02
LOW / 1.41E+23 -2.0 0.00E+00
153 H20 =>H + OH 8.54E-24 -14.7 -9.02E+01
154 H+ HO2=0H + OH 1.69E+14 0.0 8.74E+02
155 H + HO2 = H2 + 02 4.28E+13 0.0 1.41E+03
156 H + HO2 = O + H20 3.01E+13 0.0 1.72E+03
157 H + H202 = H2 + HO2 1.69E+12 0.0 3.76E+03
158 H + H202 = OH + H20 1.02E+13 0.0 3.58E+03
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Appendix

# Reaction A n Ea
159 H2 + OH =H + H20 1.02E+08 16 3.30E+03
160 O + H (+M) => OH (+M) 1.91E+13 05 0.00E+00

LOW / 471E+18 -1.0 0.00E+00
H20 /7 6.0/
161 OH=>0+H 4.43E-19 -123 -7.74E+01
162 O + O (+M) => 02 (+M) 7.63E+12 05 0.00E+00
LOW / 1.89E+13 0.0 -1.79E+03
H20 /7 185/
163 02=>0+0 1.68E-24 -152 -8.99E+01
164 O + HO2 = OH + 02 3.25E+13 0.0 0.00E+00
165 O + H202 = OH + HO2 9.63E+06 2.0 3.97E+03
166 OH + OH = O + H20 1.50E+09 11 9.90E+01
167 HO2+HO2 = 02+H202 4.22E+14 0.0 1.20E+04
second exp 1.32E+11 0.0 -1.63E+03
168 H202 (+M) => OH + OH (+M) 3.00E+14 0.0 4.85E+04
LOw / 1.21E+17 0.0 455E+04
TROE / 0.00E+00 970.9 1.00E+00
H20 /7 154/
5.31E+02 -0.2 1.13E+00
169 OH + OH => H202 3.78E+12 17.1 3.88E+01
170 OH + HO2 = H20 +02 2.89E+13 0.0 -4.97E+02
171 OH + H202 = HO2 + H20 7.83E+12 0.0 1.33E+03
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