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Table S1. Reaction energies (AE) and energy barriers (E.) at 0 K, forward rate constants

(kfva) and backward rate constants (krkq) at 673 K of the involved elementary steps for

the conversion of ketene to olefins in H-SAPO-34.

Elementary step AE/eV Ea/eV  ktwa/s'  kokw/s™!
R1 CH>CO-HZ = CHsCOZ T042 003 24x1011 6.4x10°
R2 C2Hs-CH3COZ = CO- ~_Z 0.06 201 32x102 8.8x10"!
R3 C3He-CH3COZ = CO- /\z/ 0.18 1.86 1.5x107"  4.4x102
R4 C3Hy-CH;COZ = CO-_J_ 7 043  1.86 1.5x1071  2.9x10*
RS )\ CH:COZ=CO- |z 058 172 23x10'  82x102
R6 A~ -CH;COZ = CO- /\z/\ 022 182  1Ix10°  3.9x103
R7 P~ -CH;C0Z=CO- 7 Y 2 045 182  1.Ix10°  5.9x10¢
RS A~ -CH3COZ = CO- )\(Z 069 168 1.4x10'  3.0x103
RO )\/ CH;COZ = co-/ﬁ'/\ 7 0.44 162 2.1x10'  8.8x10!
R10 )\/ CH;COZ = CO- /\I/\z 0.60  1.62  2.1x10'  1.2x107
RII /J\/ CH;COZ = CO- )ﬁ/ .z 056 162  13x10!  1.4x103
RI12 /J\/ CH;COZ = CO- /}\(Z 095 1.62 13x10!  7.2x10

2
RI3 CH3COZ = CO- )\/\ 0.66 178  1.8x10°  1.7x104
z
2
R14 CH;COZ = CO- )j/\z 069 178  1.8x10°  7.6x106
RIS A~ -CH:COZ = CO- /\)Z\/ 027 181 3.1x1070  1.3x104
R16 ANANCHCOZ=CO )7 043 181 3.1x101  7.3x104
R17 A\ -CH;COZ = CO- )\/\ 081 174 23x1070  2.6x105
z
RIS A\ -CH3COZ = co-/ﬁ)\z 086 174 23x101  1.8x106
R19 )\/ .CH3COZ = CO- )\v\ .z 037 169  4.6x10°  3.0x10!
R20 )ﬁ/ .CH;COZ = CO- )\‘/\z 0.63  1.69 4.6x10°  5.1x106
R21 /S/ .CH;COZ = CO- ),\1/ .z 052 155 1.8x102  2.2x105
+

R22 ;\/ .CH3COZ = CO- .z 049 170  12x10'  3.3x10!
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Table S1 (Continued).

Elementary step AGI\E// gi// ktwa /S0 kokw /87!
R23 ;\/ -CH3COZ = CO- /\t\z 074 170 1.2x10'  1.2x107
R4 A cmcoz=co Y™z 060 114 764107 saxi02
R2S )\/\ -CH;COZ = CO- /\/I\, z 058 174 7.6x10°0  3.5x10°
R26 /K/\ -CH;COZ = co-/lﬁ/\ 088 1.57 23x10'  4.4x10%

Vi
R27 /g/\ .CH;COZ = coo)ﬁ/\ 7 050 157 23x10'  32x10°
R28 /\I/ .CH;COZ = CO- /Iﬁ/\ 072 177  62x107  1.7x10!
7
R29 /\I/ -CH;COZ = CO- /H/\ , 044 177  62x1070  2.4x10*
Z
R30 Vj/\ .CH;COZ = CO./W 0.73 181  LIx109  3.9x10°
R31 /\|/\~CH3COZ=CO~/W)\/Z 0.68 1.81  1.1x10°  4.3x10°
R32 /ﬁ/\ .CH3COZ = CO- )ﬁr/\-z— 046  1.60 2.7x10'  9.4x10?
+
R33 /ﬁ/\ -CH3COZ = CO- /\I/\z .02 1.60  2.7x10'  2.4x10°
R34 A cmcoz=co | 045 184 26x107  9.1x10°
R35 M -CH;COZ = CO- )\/k,l 035 184 2.6x10"  3.6x10°
R36 /\)\ .CH3COZ = CO- )\/k -z 085 175 45x10°  1.6x10°
+
R37 /\J\-CH3COZ - CO- )j/Lz 103 175  45x100  4.3x10°
R38 A~~~ CH;COZ = co/\/\Z/\ 0.14 176 2.0x100  7.8x10!
R39 A~~~ -CH;COZ = CO- WZ 044 176  2.0x10°  13x10*
7
R40 Ao~ CH;COZ = co-/\)\|/ 0.79 170  3.6x100  3.2x107
R41 AN~ 'CH3COZCO'/\)\‘/Z 089 170  3.6x10°  1.5x106
7

R42 AP~ -CH3COZ = co~/W 084 176  5.6x10° 8.9x10*
R43 /gx\-cmcoz — CsH -CO-HZ 003 155  1.6x10°  5.7x10
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Table S1 (Continued).

AE Ea _ _

Elementary step eV/ eV/ ktwa /57" kokw /87!

R44 /k’/l\ -CH3COZ = CsHi16:CO-HZ 0.05 1.64 1.7x100° 5.6x107!
R45 M -CH3COZ = CsHi6:CO-HZ -0.20 1.36 6.1x103 3.0x100
R46 )\W ‘CH3COZ = CsHi6:CO-HZ -0.13 1.77 6.5x10°1  2.5x1073
R47 /ﬁ)\'CH3COZ = CsHi6-CO-HZ -0.07 1.62 7.4x100 3.2x107!
R48 /Y\'CH3COZ = CsHi6-CO-HZ -0.13 1.66 1.6x10! 1.6x1072
R49 /Y\/ -CH3COZ = CsHi6-CO-HZ -0.27 1.44 1.5x103  4.1x107!
R50 /\(\/ -CH3COZ = CsHi6-CO-HZ 011 1.60  23x10'  1.9x10""
R51 /\/I\'CH3COZ = CsHi6-CO-HZ -0.03 1.74 2.4x10°  2.0x1072
R52 /%J\/ -CH3COZ = CsHi16-CO-HZ -0.17 1.68 8.2x10°  3.0x1072
R53 /%/\|/ ‘CH3COZ = CsH16:CO-HZ -0.15 1.65 1.0x10! 4.5x1072
R54 A\ CH3COZ = CsH16-CO-HZ -0.21 1.73 3.7x10°1  2.1x1073
R55 NN -CH3COZ = CgHi16-CO-HZ -0.21 1.70 1.8x10! 2.7x1072
R56 CsHi6-CH3COZ = C9H13-CO-HZ 0.08 1.57 9.8x10° 1.6x10!
R57 CH:COZ = CO-CH3Z 0.56 1.96 5.8x107! 1.7x100°
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Table S2. Adsorption energies (Eads) at 0 K of the involved
products (CO and light olefins) in H-SAPO-34.

reactant (ketene) and

Molecule Eags/ eV Molecule Eags / eV
ketene -0.47 1-butene —-0.71
CO -0.32 2-butene —0.68
ethene -0.42 isobutene —-0.69
propene -0.57
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Table S3. TS formation energies (£f) at 0 K of the methylation steps for the conversion
of ketene to olefins in H-SAPO-34. The transition states of the stepwise methylation

are same to those in the conversion of methanol to olefins [Ref. S1].

Olefin Ef/eV C. Olefin Ef/eV
precursor Concerted Stepwise precursor Concerted  Stepwise
G GHs 0.52 056 | Co A~~~ 231 217
G AN ~0.42 035 | M -3.52 -3.23
o A ~1.38 ~1.28 /g/\ ~3.50 ~3.40
AN ~1.30 115 PON -3.50 337
o~ ~1.08 ~0.93 /ﬁ)\ ~3.40 3.5
s Ao -2.16 201 N a8 317
P 200 -1.88 R R -3.29
AN -1.96 ~1.85 M\ 332 -3.16
d ~1.78 ~1.65 /Y\ 330 323
N 176 ~1.60 M/ 328 -3.03
Co /g/ 288 273 /\\)\/ 324 -3.05
/J\/\ 283 271 )\/\/ -3.18 ~3.08
N oam ~2.50 AN 38 -3.01
/\\)\ 263 ~251 AN S35 ~2.95
J  2e 243 | Cs /S/k ~4.09 ~3.96
)\/ ~2.60 251 /\%\/ —4.05 -3.97
AN 259 236 /K/k/ ~4.05 -3.86
AN 2255 ~2.47 /S:\ ~4.02 ~3.97
;\/ 251 247 )\)\/ —4.02 ~3.92
/\l/ ~2.47 -2.22 /K/I\ ~3.99 ~3.86
I 24 222 /S/\/ -3.93 -3.86
/\(\ 239 218
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Table S4. Elementary steps for the microkinetic simulations of the conversion of ketene
to olefins in H-SAPO-34.

CH2CO(g) + T=CH,CO'T (Eq. S1)
CO(g) +T=CO'T (Eq. S2)
CuHan(g) + T=CoHan' T (n = 2-4) (Eq. S3)
CH2CO'T+HB=CH,CO-HB+T (Eq. S4)
CO'T+HB=CO'HB+T (Eq. S5)
CH>CO-'HB = CH3COB (Eq. S6)
CH;COB = CO-CHsB (Eq. S7)
CO'CH3B+T=CHsB+CO'T (Eq. S8)
CO-CH;3B + HB = CH;B + CO-HB (Eq. S9)
CHz,'HP + CH2CO-T = CyHoy'CH2CO-HP + T (Eq. S10)
CnHy-HP + CH2CO-HB = C,Hz,-CH,CO-HP + HB (Eq. S11)
CnHzy*CH2CO-HP = C,Hy,y*CH3;COP (Eq. S12)
CnHzy*CH3COP = CO-Cp+1Honi3P (Eq. S13)
CO-Cphs1HopsP+ T = Cps1HopsP + CO-T (Eq. S14)
CO-Cp+1Hops3P + HB = Chy1HonsP + CO-HB (Eq. S15)
CyHz, CH3COP = CyHz,-CO-CH;3P (Eq. S16)
CnH2y"CO-CH3P + T = CyHan'CH3P + CO-T (Eq. S17)
CnH2y"CO-CH3P + HB = C,H,y,'CH3P + CO-HB (Eq. S18)
CoHanHP + CH3B = HB + CoHanCH3P (n = 2-4) (Eq. S19)
CuHan'CH3P = Cp+1HonisP (Eq. S20)
CnHon+1P = CoHan+1P (isomerization) (Eq. S21)
CnHon1P = CoHoy HP (Eq. S22)
CmnHomi2nt1P = CnHomCoHon-HP (Eq. S23)
CmnHom+2n+1P = CnHom' CoHont1 P (Eq. S24)
CnHom' CoHont 1P = CnHom CoHon- HP (Eq. S25)
CmHom CoHon'HP + T = CyHom HP + CoHon' T (n = 24) (Eq. S26)
CmHom CoHon'HP + T = CyHon'HP + CiHom T (m = 2—4) (Eq. S27)
CmHom'CoaHont1P + T = CoHap1 P + CpHom' T (m = 2-4) (Eq. S28)
CmHom HP + CyHon' T = CoHon'HP + CnHom ' T (m, n = 2-4) (Eq. S29)
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Table S5. Simulated distribution and evolution rate of each olefinic HCP in H-SAPO-
34 for the conversion of ketene to olefins at 673 K and 0.1 MPa. The specific rate of
each HCP 1s normalized to its amount.

Specific rate / s ' -molecule™!

Olefinic HCP Distribution . Crackingto  Crackingto  Cracking to
Methylation
CoHy CsHs C4Hg

C 0.54 4.2x107° / / /

G 0.36 0.15 / / /

Csy 8.2x1072 0.72 3.3x1073 / /

Cs 1.1x1072 2.7 3.1 3.1 /

Ce 1.4x1073 4.7 1.2 15 1.2

Cy 1.4x1077 0.29 21 4.5x10* 4.5x10*
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Site HP ‘ Site HB

Olefin-based cycle CH,CO + HZ - CH,Z + CO

Scheme S1. Proposed three-site model for the microkinetic simulations of the
conversion of ketene to olefins in zeolite. Similar model was established previously
for the microkinetic simulations of the conversion of methanol to olefins in zeolite
[Ref. S1].
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Figure S1. Reaction orders of ethene (A, B), propene (C, D), and butene (E, F)
formation in ketene (A, C, E) and CO (B, D, F) as a function of temperature and
pressure in H-SAPO-34 for the conversion of ketene to olefins. The default simulation
conditions are CH2CO:CO = 1:1 and HP:HB:T = 1:1:1.
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Figure S2. Relative distribution of C2 (A), C3 (B), C4 (C), Cs (D), Cs (E), and C7+ (F)
intermediates as a function of temperature and pressure in H-SAPO-34 for the
conversion of ketene to olefins.
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Figure S3. Relative contribution of Cs (A), Cs (B), Cs (C), and C7+ (D) cracking to
produce ethene as a function of temperature and pressure in H-SAPO-34 for the
conversion of ketene to olefins.
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Figure S4. Relative contribution of C2 methylation (A) and Cs (B), Cs (C), C7 (D), and
Cs+ (E) cracking to produce propene as a function of temperature and pressure in H-
SAPO-34 for the conversion of ketene to olefins.
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Figure S5. Relative contribution of Cs methylation (A) and Cs (B), C7 (C), and Cs+ (D)
cracking to produce butene as a function of temperature and pressure in H-SAPO-34
for the conversion of ketene to olefins.
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Figure S6. Evolution of Cs4 methylation to Cs (A) and Cs cracking to two C:

intermediates (B) as a function of temperature and pressure in H-SAPO-34 for the
conversion of ketene to olefins.
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Figure S7. Evolution of Cs methylation to Cs (A) and Cs cracking to C2+Cs

intermediates (B) as a function of temperature and pressure in H-SAPO-34 for the
conversion of ketene to olefins.
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Figure S11. Relative contribution of the concerted (A) and stepwise (B) pathways to
the methylation as a function of temperature and pressure in H-SAPO-34 for the
conversion of ketene to olefins.
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Figure S12. Relative contribution of the concerted (A) and stepwise (B) pathways to

the cracking as a function of temperature and pressure in H-SAPO-34 for the conversion
of ketene to olefins.
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Figure S15. Conversion rates (A) and ethene (B), propene (C), and butene (D)
formation rates of the ketene and methanol conversions as a function of temperature in
H-SAPO-34 at 0.1 MPa. The methanol conversion activities were taken from [Ref. S1].
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Effect of site ratio on simulated results

The ratio of HB to HP site affects the rates, the distribution of intermediates and
the relative contribution of two methylation pathways, while exert slight effect on the
selectivity, the cracking style and contribution of each pathway, and the origin of three
olefins for the conversion of ketene to olefins (Figure X1—X3). At the conditions of 0.1
MPa & 673 K, the formation rates of each olefin product increase about two orders of
magnitude when the ratio of HB:HP site increases from 1 to 1000, and the majorities of
the retained olefins shift from C2—Ca to Cs—Cs species (Figure X1). The increase of the
contribution of the stepwise methylation (Figure X2) in HB site may accelerate the
methylation activity of C2—Cs species. Thus, the conversion rate is improved by the

introduction of additional acid sites.

The ratio of simulated T to HP site for the conversion of ketene to olefins is
neglectable (Figure X4).
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Figure X1. Activity (A), selectivity (B), and intermediate distribution (C) as a function
of HB:HP site ratio in H-SAPO-34 for the conversion of ketene to olefins (Reaction
conditions: 673 K, 0.1 MPa, CH2CO:CO = 1:1, and HB:HP:T = 0.001-1000:1:1).
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Figure X2. Relative contribution of possible methylation (A) and cracking (C)
pathways, and evolution of intermediates (B, D) as a function of HB:HP site ratio in H-
SAPO-34 for the conversion of ketene to olefins (Reaction conditions: 673 K, 0.1 MPa,
CH2CO0:CO =1:1, and HB:HP:T = 0.001-1000:1:1).
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Figure X3. Origin of ethene (A), propene (B), and butene (C) as a function of HB:HP
site ratio in H-SAPO-34 for the conversion of ketene to olefins (Reaction conditions:
673 K, 0.1 MPa, CH2CO:CO = 1:1, and HB:HP:T = 0.001-1000:1:1).
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Figure X4. Activity (A) and intermediate distribution (B) as a function of T:HP site
ratio in H-SAPO-34 for the conversion of ketene to olefins (Reaction conditions: 673
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