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Project Title : Kinetics of Methane Conversion to Higher Hydrocarbons

in an AC Electric Discharge

Name of the Investigator: Assoc. Prof. Dr. Sumaeth Chavadej
ABSTRACT

The behavior of direct methane conversion in an applied AC electric discharge at
ambient conditions was investigated using a Dielectric-Barrier Discharge (DBD)
reactor. The main objective was to determine the effects of ethane and propane on
methane conversion. The kinetics of the system were also studied. Input voltages were
varied from 4,350 V to 6,250 V and total flow rates of 20 to 80 ml/min were employed.
It was found that methane conversion increased both with increasing voltage and
residence time. Hydrogen abstraction - the most common initiation reaction that
occurred in the system - produced ethane, ethylene and propylene as the main products
in the pure methane, ethane and propane systems, respectively. With higher amounts of
H, produced, the secondary products that were produced from the dehydrogenation of
primary products were limited. With ethane or propane present in the system, only
ethane enhanced the methane conversion to higher hydrocarbons while propane acted as
an inhibitor. The mechanisms of the reactions depended on the voltage, flow rate, and
composition of reactants. Because of complicated reversible reactions, exact rate
expressions could not be determined. Power law models were used to express the
reaction rates in terms of the reactants using differential analysis and a plug flow
model. The orders of reaction at the flow rates studied were found to be low allowing
the conversion rate to increase slightly with an increase in the partial pressure of the
reactants. At higher voltage, the values of the rate constants increased, resulting in a

significant increase in reaction rate.
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(Fun1 Synthesis gas UfAToMifatuiidulfAsnganiudou uazdssmsiFemalulTuun

g ASEUMT
Steam Reforming of CH,:

CH, + HO == CO + 3H, AH o5 = 206.2 kJ/mol
Water Gas Shift:
CO + HO —» CO, + H, AH g = -41.25 kJ/mol
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Synthesis gas Hezgnii1llldwerufilugamnnssumsniauiiauoanssed Taulden
salffsnifinewauiludavilseneunsdn (Copper based catalyst) NAMMAEUA (5-25 MPa)

uazguvnUlszana 200-300 °C AauMs

CO + 2H, —# CH,OH AHygee = -90.77 kJ/mol
CO, + 3H, —» CH,OH + H,0 AH,g, = -49.52 kJ/mol
COo, +H, —# CO + HO AHyge = 41.25 kd/mol
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Uszinnd o 'lan (Zeolite) uaz‘l%'mﬁauaanaanﬁlﬂuﬁw%ﬁu (Methanol-to-Gasoline (MTG) or
Methanol-to-Olefins (MTO) reactions) 159MUwAAUAT IAuINUMUDE (MTG) A
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Gas | lonization Energy|| Gas | lonization Energy
(eV)* (V)

CH, 12.5 0, 122

H, 15.6 CO 14.1

N, 15.51 CO, 14.4

Li 5.39 Na 5.138

K 4.339 Cu 7.7
*1eV=16x10"1J
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| ;Gases | — on Saiteces |+ inGases | [ on Surfaces |
[Chemical & Nuclear] | [Chemical&Nucl] Radiative |_ Electron

Processes Processes Attachment Emission

! Excited Atoms ' Field Emission| H Ion-Pair Production

|| Thermal Ionizationl | Electron Impact] || Associative Attachment|

Positive-ion S 1E
Radiation issociative Attachment
i Bombardment

glectmn Collision| LI Radiation (Photomission)

ositive-ion Collisio: Lr Thermonic Emission | ]

Radiation Dissociative Attachment

4 oy T J. ] ] 5
51 2.1 F8ehneq M liRaeymafitilszy (Nasser, 1971)
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15197 2.3 N0 INMIFURUVBIMY (Nasser, 1971)

Collisions
Elastic Collision e+AT S e+A
Excitation eHA amsueHA®
Ionization A . 2et A"
Attachment CHA A

Dissociative Attachment et+B; 3. B'+B

Recombination e+B;" —p B;
Detachment R e 20 B,
Ton Recombination A+B o AB
Charge Transfer A*+B —» Bt+ A

Electronic Decomposition |¢e+AB —p A+B+e

Atomic Decomposition A*+B, —» AB+B
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w 1 w o 3 A ad 1 1 '3
assuiusInINeymnfuRvesa lansviodianasey  sauSenisingmssitsy v
A L] .ﬁ' aw ¥
(electric discharge phenomena) Fudlundnms WHFIUUBAWIUND uil
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o 3 = ad ] 1 i 1
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- = at T 4 t& = = =
dinaseuseiindenueglugas 1-10 v Faeunseiigamgiilagatia 10,000-100,000 seruandu

(Rosacha IinzAME 1993)
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2.3.1 Radio frequency (RFD) discharge
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2.3.2 Microwave discharge
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2.3.4 Corona discharge
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2.3.5 Dielectric-barrier discharge
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CH,+e¢ = CHyj*»+H+e e (2.1)
CHi+e¢ = GCHye+tH+e ... (2.2)
CHy+¢ +— CH,»+H+e veenes (2.3)

1 3 aod P 9 n’: o b = =
"liJmﬂau.ﬂﬂizﬁ;mﬁﬂmﬂuﬂmmmﬂizquTumqaﬂJﬂsﬁTﬁmmu"lﬂ BUNABATLAN

1 w a aaa { &4 w as = a

annsensesdu lRisudentu Taufalgnsewmuillelasoudsiuaziu eynndaszuesd
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CH,*+CH, == CH,+CH; e (2.4)
CH,++CH, &= CH+CH>* o o 2.5)
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UAY
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UfAsemsgaudelslasion (Dehydrogenation)

2C,H;» = CH,+CH, ... (2.8)
CHso+ ¢ = CH,+e+H sz A2iG)
2CH,» = CH, + 8, e (2.10)

CH,»+CH,e = CH,+CH, ... (2.11)
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2C2H4 ;; Csz + C}_Hﬁ .......(2.12)
CH,+¢ T GCH,+H,+¢ wan2:13)
- msialwsiau

TnsAdugmnsondalannlfiseimssauda 2 UfAse Teunlffse 2.14) uaz.16)

dau (2.15) WulFasnmsgadelalasiou

—_—

CH,+CH,» = CH,s e (2.14)
CHe+e 0 gH +H+e s (2115)
2C,H, ¢ = CH, +/CH, e (2.16)

UfATen 2.14) (2.15) annsawda Iwsiau ldunluanzinadeuiil leTasiouly
szuufes uadil leTasmumnnszifanmsnan Insmuunud 1§50 2.14) UHA5n 2.3)
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2C,H; =7 Gl e (2.17)
CH3 i C3H7. # C4Hm PP (2.]8)
CH,*+CH, = CH,e e (2.19)
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CHy» +¢ = CH;+e¢ +H wisse{221)
2CH,* = CH,; + CH, e (2.22)

1 L= = = i :: = J s = L =y
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AN fufften (2.23) wez (2.24) wiedannlfisn (2.19) Tuaaneniilelasoulusyuy
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2C,H, == H. e (2.23)
CH, +C;H, = CH; wiiens (224)
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Joyanimanes
e .1 szuuﬁmuﬁqnﬁ%n‘nmﬁeﬁmj‘ 5,625V
Flow rate [Conv. % Selectivity
(ml/min) | (%) | Ethane{ Propane| Butane| Ethylene| Acetylene| Propylene
20 7.752|43.927 | 12.457 [6.214 | 4.335 3.294 0.600
40 3.952(43.758 | 11.550 |8.660 | 6.591 4.404 1.184
60 3.090({41.806 | 9.750 |8.932 | 7.495 4.657 1.427
70 2.607)|39.276 | 7.520 |7.455 | 10.989 | 2.931 0.985
M v.2 szuui‘hsuu%qwé?;nmmhaﬁ’mi 6,250 V
Flow rate|Conv. % Selectivity
(ml/min)| (%) | Ethane | Propane| Butane| Ethylene| Acetylene| Propylene
30 6.554 1 42.895 | 13.413 |8.180 | 4.909 4.087 0.691
40 5.41540.771 [ 12.524 |7.684 | 5.232 4,053 0.738
60 3.349 | 47.557 { 10.026 [6.421 | 7.559 4.364 0.968
80 2.879 (40.462 | 9.189 |5.464 | 8.349 4.741 1.206
mnefied  sruilisuuSgnansaninsinalags ey 40 mymin
Voltage |Conv. % Selectivity
V) (%) |Ethane |Propane |Butane | Ethylene |Acetylene | Propylene
4,625 |1.512143.086 [10.197 |5.808 | 11.458 | 5.571 0.000
5,125 [2.834|42.897 | 10.580 |7.117 | 8.780 5.356 1,133
5,625 |3.952]43.758 | 11.550 |{8.660 | 6.591 4,404 1.184
6,250 |5.415(40.771 | 12.524 |7.684 | 5232 | 4.053 0.738
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STV UNAINANG 5,625 V Hassns M3 IMas 218 M 40 mlmin

Ratiol %eMet

M:E| conv.

%Mth|

% Selectivity compared with ethane

conv.

Propane

Butane

Ethylene

Acetylene

Propylene

Butene

9:1
7:3
1:1
1:9

2.634
3.998
5.602

13.190
5.735
2.606

10.523[ 2.140

31.139
29.331
40.192
11.402

17.059
16.228
33.507
18.631

19.953
24.444
43.998
28.682

11.553
13.879
22.232

9.830

3.483
3.049
4.737
1.605

0.000
0.000
8.505
7.789

=
ATN V.S

‘4 o i ar
FTUUNISU-DISUNANUANANY 5,625 V azfidanauseneliinu:disu

4
ASTIMINU 8: 2

Flow rate(%

(ml/min)

conv.

Met.| % Eth.

conv.

% Selectivity compared with ethane

Propane

Butane

Ethylene

Acetylene

Propylene;

20
40
60
80

7.052
1.662
1.585
1.388

2.691
12.055
7.287
3.040

202.577
19.382
20.203
35.470

93225
9.999

13,555
25.380

87.
13.
18.
39,

058
608
746
323

67.250
8613
9.575

19.736

15.933
1.961
2.988
3.886

=
MINN V.6

| 4 J 1
JeULEU-BisUNANNANAnE 5,625 V nazidanaiusenneilisu:aisy

W28

Flow Y%eMet

rate| conv.

%Eth.

% Selectivity compared with ethane

conv.

Propane

Butane

Ethylene

Acetylene

Propylene

Butene

20
25
30
40

4.648
3.170
1.070

5.460
3.161
4.703
3.814

16.338
14.651
13.674
12.437

19.434
16.770
16.553
15.662

23.093
24.490
20.826
22.578

10.477
9.707
8.984
9.533

2.032
1.733
1.771
1.966

14.370
13.396
13.785
13.359
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Flow|Conv.

rate [ (%)

% Selectivity

Meth. | Propane

Butane

Ethylene

Acetylene

Propylene

Butene

20
25
30

7.675
5.131
3.813

7.404
8.513
7.965

9.293
10.543
10.348

13.404
12.665
11.952

16.384
19.295
21.963

7.022
7.522
7.742

1.143
1.000
1.215

9.741
8.794
7.920

ATeh 0.8

STUVEEU-TnTUTIRAANE 5,625 V tazdaTims vaMafaii 40 mlmin

Ratio
M:P

% Met.

conv.

% Prop.

% Selectivity compared with propane

conyv.

Ethane

Ethylene

Acetylene

Propylene

50:50
70:30
83:17
92:08

1.513
1.956
2.278

3.162
5.680
8.126
15.373

9.427
15.024
25.728
33.259

12.574
14.123
15.930
14.300

4.354
6.028
8.224
8.353

17.837
16.922
15.160

9.036

3199 V.9

) : $ ar o >
sTULEsu-InauiinNmeAng 6250 V imzsanms ivafasadiy 40 mVmin

Ratio

M:P |conv.

%Met

%Prop.

% Selectivity compared with propane

conv. |Ethane

Butane

Ethylene

Acetylene

Propylene lButcne

8:2
7:3
1:1

2.771

2.599

1.295

10.990
7.858
4.769

24.529
15.814
11.132

12.352
10.318
7.465

12.923
12.716
14.291

7.54
6.559

12.378
15.666

5.845 19.023

14.541
11.340
7.875
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WhHu9:1
Flow rate| % Met.| % Prop. % Selectivity compared with propane
(ml/min)| conv. | conv. | Ethane | Ethylene | Acetylene |Propylene
50 2.102 | 14.464 | 27.212 | 12.585 6.639 8.628
60 1.590 | 12.802 | 23.116 | 12.797 6.160 9.342
70 1.222 | 10.495 | 26.251 | 13.319 6.072 9.993
80 0.851 | 9.925 | 26.406 | 13.579 5.144 9.254

A15199 V.11

= ¢ !
sTUUMBNISU-INTINUNANNA1ANE 5,625 V Uasons18IUEH e

FiEL : IO 65 : 35

Flow rate| % Met.| % Prop. % Selectivity compared with propane
(ml/min)| conv. | conv. | Ethane | Ethylene | Acetylene | Propylene
40 1.606 | 6.603 | 12.737 | 11.330 5.522 13.795
50 1273 | 4773 | 12.349 | 12.802 6.204 15.719
60 1.069 | 3.361 | 15.831 | 15.887 6.992 20.676
70 0972 | 2.166 | 15.227 | 18.824 7.485 26.151
maefl v.12 isuu‘immuu?qnéf;m1miwﬁmi 5,625V
Flow rate| Conv, % Selectivity
(ml/min)| (%) | Methane| Ethane | Ethylene | Acetylene | Propylene
20 1.680 | 5.380 5.074 11.443 3.462 9.845
25 1.180 [ 3.639 5.816 11.735 3.258 10.345
30 0.884 - 6.348 | 13.254 2.642 11.311
40 0.000 - - - . -
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Flow|{Conv. % Selectivity

rate | (% ) | Meth.| Ethane | Butane| Ethylene | Acetylene| Propylene| Butene)
23 |5.0331 4.646 | 5.524 | 2.974| 10.750 | 4.267 12.820 | 3.622
30 | 3.368] 5.166| 5.379 | 3.650| 11.162 | 4.241 13.731 | 3.457
40 | 2.834{ 5.023 | 5.179 | 3.499| 11.252 | 4.118 13.257 | 3.155
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