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Supplemental material

Table S1: Selection of experimental literature data [Ref.] for CH4 conversion over Rh and surface reaction mechanisms [Mechanism] used for modeling these
experiments.

CH4/Ox P (bar) | Temp (K) GHSV/t/Flow/U Catalyst syepa:tor Mechanism Remarks Ref.
CH4/0,=0.8- _ . Hickman — Schmidt Hickman and
59 1.42 600 -1500 Uo(298K)=20.6 cm/s Rh/ Al,O3 monolith 19931 schmidt?
CH4/0,=1.8 1.10 T,=300 flow=7 slpm Rh/ Al;O3 monolith g/loaolfzr_ Deutschmann aDIelZJtschmann et
Rh or Rh/y-
GHSV=8 x 10°- 4.5 x 10° Nl | Al,O3 coated | annular , 5 | H20, CO,, CO , 3
g CH4/0,=1-1.78 | 1.10 573-1123 ket bt @-ALOs reactor Maestri-Vlachos 2009 co-feed=1-2 % Maestri et al.
foam
° industrially
CH4/0,=1-4 égg_ 1060-1400 1=1-75x 103 s Rh/a-Al,O3 fixed bed T;;I;Tan ~ Schmidt relevant Slaa etal.*
) conditions
Rh-coated Maier - Deutschmann .
5%4/5);_1'4’ 1.00 300-1500 flow=5 slpm foam monolith 20012, Maestri- izjgl\a/!\gdata Williams et al.®
e monoliths Vlachos 2009 3




Reactor

CH4/Ox P (bar) | Temp (K) GHSV/t/Flow/U Catalyst type Mechanism Remarks Ref.
Rh-coated
CH4/0y=1.4, N . Maier — Deutschmann | spatially- 6
2.0,2.8 1.00 300-1500 flow=5 slpm or 10 slpm :2T0|iths monolith 20012 resolved data Horn et al.
. integral
CHa/0,=2.0 13; T,=300 GHSV=200-500 Nm? kg h! ?hk/‘eAr';? fixed bed g’c')ao';r Deutschmann | version Bizzi et al.”
) P and selectivity
_ 1.32- _ _ 31114 | Rh/ALOs , Maier — Deutschmann o 8
CH4/0,=3.0 152 To=300 GHSV=200-500 Nm* kg™ h spheres fixed bed 20012 Bizzi et al.
. transient light- .
honeycomb | Maier — Deutschmann Schwiedernoch
- . - -3 -
CH4/0,=1.7 1.10 385-1000 1=20x10" s Rh/a-Al,O3 monolith 20012 off ' ot al.2
experiments
foam Maier — Deutschmann Effect of He,
CH4/0,=2,1.7 | 1.10 T,=298 GHSV=1.0x 10° h Rh/a-Al,03 monolith 20012 H,0, and Ding et al.®
CO; addition
Maier — Deutschmann Transient
CH./0,=2.0 1.10 To=ambient | GHSV=4.0x 10°h* Rh/y-Al,0s monolith 5001° species Williams et al.*!
profiles
optically
CHa/O, = 0.9— Rh/Al,0Os EE::\endel Maier — Deutschmann | accessible
1 745 2T 5.00 To=429-457 Uin=0.28-0.57 m/s ceramic flow 2001°, Kraus - channel flow Sui et al.3
) plates reactor Lindstedt 2017*2 reactor-
Raman-LIF
Rh/AlL,O coated Karakaya -
CH./0,=0.15- | 2.00- coateél 3 channel Deutschmann 2016,
0 24 2T 1'2 00 T,=377-476 | U;»=0.21-1.25m/s ceramic flow Deshmuhk - Vlachos in situ Raman | Sui et al.’®
. . lates reactor 2007°, Kraus -
P Lindstedt 2017*2
Rh/Zr0, coated Maier — Deutschmann
4.00- coated channel 9 o 17
CH4/0,=2.5-4 6.00 To,=385-673 | Uin=0.19-13.20 m/s ceramic flow 20017, Kraus - in situ Raman | Appel et al.
’ Lindstedt 20172
plates reactor




Reactor

CH4/Ox P (bar) | Temp (K) GHSV/t/Flow/U Catalyst type Mechanism Remarks Ref.
Rh/ALO, coated in situ Raman
CH4/0,=2.0 5.00 ;"2;?(73’ >73, Uin=3.90-5.10 m/s EEZ;%Z’ ;:If;;nel g/cl)aolfgr_ Deutschmann H,0 and CO; Ericksson et al.*®
-
Zr0; reactor co-feed
CH4/0,=0.56- N stagnation | Karakaya— 14
5 06 0.50 873-1023 flow=15.5 slpm Rh/ Al,03 flow Deutschmann 20161 Karakaya et al.
spatially
Rh or Rh/y- resolved
. autothermal
CH4/0,=2 1.10 I" _:;273?: flow=5 slpm SEZACI)%COHEd ?g:cliloarr g/cl)a(;;t” - Vlachos experiments - | Donazzi et al.*®
et foarr21 } effect of
washcoat
addition
. . spatially
adiabatic .
CH./0,=1.78 1.10 To,=533-623 | flow=10 NI/m Rh/ a_{-\lzo3 lab scale Maes;}tn - Vlachos resolv'ed CPO Donazzi et al.%°
monolith reactor 2009 experiments -
CO; addition
. H,0, CO,, CO
— S_ 6 _ ’ ’ ’
CH4/0,=1-1.78 | 1.10 | 623-1123 E:-/'SIY Tli_’i 10°-4.5x10 Rh/ a-Al,0; fga”;frr 2/(')%:?” Vlachos H, co-feed=1— | Donazzi et al.2!
8 2%
spatially
resolved
_ 1.00- _ N honeycomb | Maestri - Vlachos temperature . 2
CH4/0,=1.75 4.00 T, =623 flow=10 NI/m Rh/Al,03 monolith 2009° and Donazzi et al.
concentration
profiles
low
] Rh/CeO,- . Kechagiopoulos — Kechagiopoulos
_1. _ - ) 1
S/C=1-3 1.10 673-823 GHSV=30000-70000 h 2r05-L2,05 fixed bed Lemonidou 201723 ’;(;mperature ot 2|23
3/ SC =152 1110 |623-1123 | GHSV=2x10°Nikg'h? | Rh/a-AlOs ?Q:C‘ifrr g/c')ao‘;t” - Vlachos Donazzi et al.




Reactor

CH4/Ox P (bar) | Temp (K) GHSV/t/Flow/U Catalyst type Mechanism Remarks Ref.
_ _ stagnation | Karakaya— 1
S/C=1.04-1.06 | 0.50 973, 1008 flow=17.2 slpm Rh/ Al,03 flow Deutschmann 2016 Karakaya et al.
. Exp. also with
$/C=2.2-4 1.10 | 673-1123 GHSV= 40000 h* Rh/ Al,Os honeycomb | Schadel - 2o | CaHe, CaHs, Schadel etal. 24
monolith Deutschmann 2009
CsH1o
. Exp. also with
Microchan | Thormann - Thormann et al.
- - -1
S/C=4 1.10 973 GHSV= 48000 h Rh/CeO; nel reactor | Deutschmann 200925 | Propane and 55
hexadecane
Al 16.7% CHa, 0= Maier - Deutschmann Exp. data
T| 40.0% H,0, 1.00 573-1073 GHSV=7200 h! Rh/ Al,Os fixed bed 50012 taken from Dixit et al.’
R| 1.7-16.7% O, Ayabe et al.?®
C0O,=1-4%,
CHa=1-2%, O; annular
b co-feed=0.1%, | 1.10 623-1123 GHSV=2 x 10° Nl kgt T h? | Rh/a-Al,0s3 reactor Maestri-Vlachos 20093 Donazzi et al.%®
R H, co-
feed=0.1-1%
_ _ stagnation | Karakaya— 1
CH4/COy=1.1 0.50 973 Flow=15.5 slpm Rh/ Al,Os flow Deutschmann 2016 Karakaya et al.
W CO/Hzo/Nz =
4/2.7/93.3, _ 6 qa annular Maestri - Vlachos , 21
;5 1.5/2.3/96.2, 1.10 623-546 GHSV=2 x 10° Nl kgcat* h Rh/ Al,03 reactor 2009° Donazzi et al.
1.5/3.5/95.
R Also CO & H,-
W CO=1-2%, 5 6 41 annular . 3 | rich . )8
G| H,0-1-4% 1.10 623-546 GHSV=2 x 10° Nl kgcat ™ h Rh/ Al,Os reactor Maestri-Vlachos 2009 combustion Donazzi et al.
S tests
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