Table S1 Ultimate and proximate analysis of biomass

Particle size

Ultimate analysis (wt.%)

Proximate analysis (wt.%)

LHV

Bi T Ref
1omass ype (mm) C H O N S M V F A (kikg ¢
Pine sawdust _ Terrestrial 0.25~0.425  49.66 555 4333 0021 144 839 8431 688 042 18506  He'2

Pine sawdust _ Terrestrial 0.25~0.425  48.80 6.38 4374 005 004 / 8403 1498 099  /

Pine sawdust  Terrestrial 025-0425 4885 631 4478 005 001 828 8475 668 029 10380 .,
Pinechar  Terrestrial <0.125 8631 227 623 014 001 / 1524 7972 504 | Lin?(,’
i?l‘j‘ézgee Solid waste / 2206 416 2063 318 075 /| 4619 459 4922  /

Pine sawdust _ Terrestrial 03-045 4644 621 4729 005 001 839 8431 688 042 18707 ..,
Pinechar  Terrestrial / 8555 222 117 052 001 / 1366 8133 501 30240

Pine sawdust  Terrestrial 0.25~0.425 4959 6.46 4287 0.05 0.04 / 84.03 14.98 0.99 / Chents 16
Ssngee Solid waste <0.18 2605 429 157 412 067 | 4624 459 4912  J Deng!”
Bucalyptus o restrial 0.18~0.25 I / / / / / / / Fan'®
wood
Rice husk  Terrestrial 045-0.6 3974 523 4131 052 134 984 6507 1613 896
Rice straw Terrestrial ~0.5 3891 53 4307 106 015 9.1 70.07 1843 151 / Gel®??
Rice husk Terrestrial ~1.5 40.06 5.61 39.88 0.9 0.1 11.89 75.78 14.77 156 14470
Sawdust Terrestrial 0.1~0.3 4509 4.3 402 193 0 92 776 126 0.6 17750 Yan?3
Pine char Terrestrial <0.25 8192 082 1096 0.3 0.44 / 10.40 84.04 5.56 / Xue?*
i?ngee Solid waste 0.3-045 2155 382 957 376 055 489 3588 337 5586  / Chen?
Sawdust Terrestrial / 46.01 5.61 4293 131 0.124 6.22 72.64 17.37 3.77 / Wang?®




0.1~0.2/0.25~0.4/

Pine sawdust  Terrestrial 0.9-0.6 4490 6.38 4498 3.74 / 1.44 80.78 16.28 150 18330 Zeng?-3°
Rice straw Terrestrial ~0.5 3891 530 43.07 106 0.15 959 70.07 1843 1.91 / Shens?
Rice husk Terrestrial / 3766 481 3197 042 0.023 8.06 6492 996 17.06 / Yin®
Pine wood Terrestrial 0.15~0.18 4951 6.28 429 / 0.36 / 84.02 095 15.03 18600 Lin®

PE Solid waste 0.15~0.18 85.37 14.6 / / 0.03 / 100 / / 43920
Guo®,
Pine sawdust Terrestrial 0.3~0.6 4425 6.36 4885 0.48 0.06 95 7565 13.83 1.02 17140 Zhao®,
Niu36, 37

Pine sawdust Terrestrial 0.1~0.15 4716 6.21 4522 0.17 0.15 6.9 7796 1405 1.09 / Jin®

Pine sawdust  Terrestrial / 485 64 449 01 01 34 802 162 0.2 / Wang?3% 40
(\:/:'I(;;i'iga Aquatic <02 4549 661 2869 1028 021 / 7898 1230 872 18692

11141-46
(\:/:'I(;;i'iga Aquatic <0.2/<018  49.99 7390 2740 948 05 / 8L84 1291 525 19576

Pine sawdust Terrestrial <0.2 4514 6.17 45.48 2.04 0.1 / 8241 1652 1.07 16289
Rice straw Terrestrial <0.18 404 6.3 356 1.1 0.1 / 719 116 16.5 / Liao*’
Rice straw Terrestrial <0.18 39.7 6.01 43.01 095 0.24 / 73.44 16.47 10.09 14986 W8 49
Rice straw Terrestrial <0.2 4248 6.24 4256 055 0.03 / 76.32 1554 8.14 17500 Chen®®
Rice straw Terrestrial <1 43.08 6.63 3856 0.65 0.21 / 76.84 12.30 10.86 / Hub?
(\:ITI‘;';:'S& Aquatic <0.2 5332 7.4 27.87 1004 163 654 5175 3210 961 Hus2 53

Wheat straw  Terrestrial <0.15 473 63 451 13 011 76 666 162 97 / 15456
Rice straw Terrestrial <0.18 36.17 563 3798 061 023 7.64 6467 1691 10.78 /



Corn stalk Terrestrial <0.15 488 578 364 092 012 834 671 171 7.46 /
Peanut shell Terrestrial <0.15 484 6.7 381 137 01 788 681 214 26 /
Rice husk Terrestrial <0.2 40.78 558 5241 082 042 843 6553 13.71 12.33 13840  Huang®
g?(()):fr?;s Terrestrial 0.25~0.425 52.61 6.89 33.92 174 064 318 796 162 1.02 21260  Zhang*®
Waste
activated , 59
carbon Solid waste 0.08~0.2 46.62 6.25 4566 083 064 9.65 5720 30.02 3.13 15500 Wang
(WAC)
Kitchen : 60
Solid waste 0.09~0.212 38.85 7.33 38.13 149 058 1037 72.02 1436 3.25 14690 Wang
waste (KW)
Table S2 main elements of OC
oC Particle (mm) Elements composition Ref
Hematite 0.18~0.25 81.66%Fe203, 5.64%Si0z2, 0.88%Al203, 0.24%Ca0, 0.031%S Hel 2
Spinel / NiFe204
Hematite 0.18~0.25 81.66%Fe203, 5.64%Si0z2, 0.88%Al203, 0.24%Ca0, 0.031%S
Hematite-NiO / Hematite: 89.53%Fe203, 6.78%Si02, 1.28%Al.03, 0.13%Ca0, 0.024%S
NiO/Hematite=1, 6, 10% Huang®®,
Hematite 0.18~0.25 90.73%Fe203, 6.78%Si02, 1.28%Al203, 0.13%Ca0, 0.024%S Lin0
Hematite / 89.53%Fe203, 6.78%Si02, 1.28%Al203, 0.13%Ca0, 0.024%S
Spinel <0.125 NiFe204

Hematite

/

88.56%Fe203, 6.48%Si0z2, 3.73%Al203, 0.22%Ca0, 0.019%S




Cu/Al/Zn

/

27.91%0, 22.56%2Zn, 21.52%Cu, 13.56%Na, 13.4%Al, 0.937%Ni

Cu/Al/Ni / 23.59%0, 0.028%2Zn, 30.27%Cu, 8.64%Na, 11.66%Al, 33.72%Ni
Cu/Al/Ni/Zn / 26.22%0, 18.29%7Zn, 17.06%Cu, 7.37%Na, 9.97%Al, 20.71%Ni Weill14
Fe203-Al203 0.18~0.25 70%Fe203, 30%Al203
Fe-Ni-Al / 66.48%Fe203, 28.49%Al.03, 5.03%NiO
e C“f'J/FBe;OQi . / CuFe204/BaFe204/NiFe204/CoFes0s Chents:16
Copper slag <0.15 39.62%Fe, 31.89%0, 13%Si, 2.21%Ca, 2.19%Zn, 1.84%Al, 1.36Mg, 0.75%S, 0.66%Cu Deng?’
Fe/La-Fe/Ni-
Fe/Co-Fe/Mn- / Iron ore, LaFeOs, NiFe204, CoFe204, MnFe204, CaFe20a4 Fan'8
Fe/Ca-Fe
Hematite 0.3~0.45 83.21%Fe203, 5.37%Al203, 7.06%Si0z2, 4.6%0thers Gel®2
NiO-Al203 0.3~0.45 60%Ni0, 40%Al.03 Chen?®
BaFe204-Al203 0.1~0.3 70%BaFe204, 30%Al203 Yan®
Manganese ore 0.3~0.45 20.04%Mn, 15.3%Fe, 16.95%Si, 4.84%Al, 0.97%K, 0.35%Mg, 0.15%Ti Wang26
Fe/Ca <0.25 Fe203, 50%Fe203-50%Ca0, CaFe204 Xue?*
Fe203 0.1~0.3 99.99%Fe203
Hematite 0.1~0.3 89.15%Fe203, 6.43%Si02, 3.15%Al20s Zong??®
Red mud 0.1~0.3 31.40%Fe203, 16.1% Si02, 31.3%Al203, 5.45%Ca0, 6.58%TiO2, 6.65%Na20
Hematite / 90.75%Fe203, 1.14%Fe304, 0.88%Al203, 4.18%Si0:
60~0%Fe203, 0~60%CuO, 40%CAC
Fe20s-CUO-CAC 037045 CAC=51.08%AI203, 33.12%Ca0, 7.80%Si0y, Shen!
Manganese ore / 15.3%Fe, 20.04%Mn, 4.84%Al, 16.95%Si, 0.15%Ti, 0.97%K, 0.35%Mg, 41.6%0 Yin3?
Fe20s3 <0.18 Fe203/Ca0=0~1.5 Liu%




Copper ore 0.1~0.3 CuO, CuFe204 Guo®
Hematite 0.1~0.3 Fe203, Al203, SiO2
CuO-CuAl204 0.2~0.3 60%Cu0, 40%CuAl204
Fe203-Al203 0.2~0.3 60%Fe203, 40%Al.03 Zhao®
Copper ore 0.2~0.3 21.04%Cu0, 70.05%CuFe204, 8.91%(Si0O2+CaS04+Al203)

Cu-Fe oxides 0.1~0.3 CuO/Fe203=100/0~0/100 Niju3e: 3
Hematite 0.15~0.18 90.01%Fe203, 3.86%Si02, 1.8%Al203, 3.06%MgO, 1.18%Ca0 Jin%8
CoFe204 / CoFe204 Wang3® 40

Fe203 <0.2 Fe203
Calcium ferrites / CazFe20s/CaFe204
CazFe2xCoxOs / CazFe2xCoxOs(x=0~1.4)
Fe203-Ca0O <0.2 CaO/Fe203=1/0.2 Lijy4t-46
(&ZZ/'ZZ/CZ)E) / CazFe0s(ZnO/MgO/Al,Os)

Caz2-xSrxFe20s Caz2-xSrxFe205(x=0~1.8)

Fe203(K-doped) / Fe203/K2C03=14:1, 7:1 Liao*
Fe203-Ca0O / CaO/Fe203=1/0.2 W8 4

Fe20s3 <0.18 Fe203

Mn-Fe-Al203 <0.2 Mn/Fe=1/2, Mn-Fe/Al.03=100/0~50/50 Chen®°

Fe-Ca 0.09~0.212 Fe:Ca=1:2, 1:1, 2:1 Hu®?
Fe203 / Fe203 Hu®2 %3
Fe-Si-Al <0.2 Fe203, SiO2, Al2O3 Huang®’
FezQa-Inert 0.3-0.425 Fes03(Al203, TiOz, SiOs, Zr02) Hu5*5

support




[Fe(CN2H40)6](NO3)3/ATP=4/6

Fe203-ATP-K 0.098~0.18 Zhang®®
62 [Fe(CN2H<0)s](NOs)s/ ATP/KNO3=4/6/1 ang
Fe203/ATP=4:6 6
Fe203-ATP-Al203 0.08~0.2 Fe,05/Al,O0s=46 Wang
CuFe204-ATP 0.09~0.212 CuFe204/ATP Wang®
TableS3 A brief summary of experimental result of CLG.
. Tem R LHV Ne n
oC B oc/B? React . H20°¢ Ref
iomass eactor 0) (min) 2 MIm®) (%) (%) e
Hematite Pine 150/40 Bubbling  650~900 30 / 12.5~12.8 60~96 46~78 Hel:?
Hematite Pine Olflgg?//h Bubbling 800 50 0.35~1.35 11.4~13.1 81~97 69~80
. . 1509/ .
Hematite Pine 0.1kg/h Bubbling  700~850 50 0.85 12.1~13.0 92~97 78~81
Hematite Pine 1.12~2.56 Bubbling 840 50 / 13.1~14.3 68~85 67~76
Hematite Pine 15 Bubbling  740~940 50 / 13.5~13.8 75~85 69~84 H N
Hematite-NiO  Pinechar  0.75/05 Fixed 1200 15 / /o561 g
Hematite Pine char 2~5/0.45 Fixed 850 65 / / 21~44 / ’
Hematite Pine char 3/0.45 Fixed 850 65 0.02~0.1ml/min / 56~64
NiFe204 Pine char 1/0.55 Fixed 850 100  0.02~0.1ml/min / 71~88 /
Hematite Sewage 1~5/1 Fixed 90 60 / 74~115 6781  /
sludge
Hematite Sewage 3/1 Fixed 800~950 60 / 8.4~9.5 62~85 /




sludge
Sewage

Hematite sludge 3/1 Fixed 900 60 0.006~0.05ml/min  9.1~9.3 75~88 /
NiFe204-ZrOz Pine 0.51/1 Fixed 700~900 65 / 12.1~13 47~74 /
NiFe204-ZrOz Pine 0~1.2/1 Fixed 850 65 / 7.3~16.2 54~78 /
NiFe204-ZrOz Pine 0.51/1 Fixed 850 65 0~3 11~13  71~-92 /

15
NiFe204-ZrOz Pine 0.51/1 Fixed 850 65 (CO2/H0 49~11.3 68~94 /
=0.11~0.56)/
. 5.8kg/ Circulating
Fe203-Al20 P 670~900 3600 / 90.3~12.2 84~94 42~61
Cabs Al ne 1.2kg/h (10kW)
. 5.8kg/ Circulating
Fe203-Al20 P 850 3600 / 7.1~135 69~98 43~70
Cabs Al e 07-37kglh  (10kw)
Fe203-NiO- . 5.2kg/ Circulating
P 760~91 12.3~13.3 84~ 4~

ALO: ine 1.2kg/h (10kW) 60~910 3600 / 3~13.3 84~95 64~85

Fe203-NiO- : 5.2kg/ Circulating
Pine 850 3600 / 9.8~13.5 71~98 62~70

Al | 0.8-37kgh  (10kw) Weiti1é

Cu-Al-Zn Pine 11 Fixed 850 32 / 11.9 80.2 695

Cu-Al-Ni Pine 1/1 Fixed 850 32 / 11.9 822 604
Cu-Al-Ni-Zn Pine 1/1 Fixed 850 32 / 11.9 820 713




Fe-Al Pine 1/1 Fixed 850 32 / 12.7 78.5 54.3
Fe-Ni-Al Pine char 1/1 Fixed 850 55 / / 36.65 /
MFe204 . . . 15
M=Cu/Ba/Ni/Co Pine 21 Fixed 850 60 0.1ml/min / / / Chfen
BaFe204 Pine 0.2/2 Fixed 750~900 60  0.02~0.14ml/min / / /
Copper Slag Ssmagee 0~10/1 Fixed 900 60 / 10.7~19.4 51~73 |
Sewag e Deng™
Copper Slag sludgge 1/1 Fixed 900 60 0~0.05ml/min 12.4~13.9 70~80 /
Iron ore 14.43 58
MnFe204 13.42 65
LaFeOs Eucalyptus : 14.29 60 18
CoFes0 wood 1/1 Fixed 850 / / 11.39 65 / Fan
NiFe204 11.72 68
CaFe204 13.00 74
Iron ore Rice husk 79.2/5 Bubbling  750~900 100 0.6ml/min / 58~71 /
. : Circulating
NiO-Al203 Rice straw / (25KW) 650~850 / 1.2 / 90~95 / Gelo22
. i Circulating
Hematite Rice husk / (25KW) 800~900 / 1 / 90~99 /
BaFe204-Al203 Sawdust 0.2~1 Bubbling 25~90 / / / 50~65 Yan?®
Hematite SOWA0C o s26)2  Bubbling 900 20 0.75L/min | 62~79 |  Chen®

sludge




Sewage

Hematite sludge 30/2 Bubbling  750~900 20 0.75L/min / 48~79 /
Hematite Ssngee 30/2 Bubbling 900 20  0~0.75L/min I 67~79 [
/ . 750~950 47~64 -
Manganese ore Sawdust 0.2-1.2 Bubbling 900 / / / 59-62 Wang
Hematite Pine 0.05~0.2/0.2 Fixed 800 10 / 8.8~10.9 / /
Fe203 Pine 0.6/1 Fixed Program 100 / ~7.3 / /
Hematite Pine 0.67/1 Fixed Program 100 / ~6.9 / /
Red mud Pine 1.91/1 Fixed Program 100 / ~7.8 / / Zeng?"
Hematite Pine 4kg/0.12kg/h  Circulating 70%1%80/ 30 1.5 / / 71~77 30
Hematite Pine 4kg/0.12kg/h  Circulatin 820/ 30 1.5 / / 75~82
gb.2od 9 700~970 |
Hematite Pine 4kg/0.12kg/h  Circulating  820/910 30 0.5~3 / / 69~77
Fezg:(éuo' Ricestraw  40(Fe-Cu)/5 Bubbling 800 40 1g/min I 62~94
Fe20s- - : . .
ezcc):Z(c::uO Rice straw 40/5 Bubbling  700~950 40 1g/min / 66~76 /
h 31
Fe203-CuO- . . . Shen
CAC Rice straw 40/5 Bubbling 800 40 0.4~1.2g/min / 64~73 /
Fe20s- - : i .
ezcc):Z(c::uO Rice straw 40~100/5 Bubbling 800 40 1g/min / 73~82 /
Manganese ore  Rice husk 0.5 Bubbling ~ 750~950 30 50% / 30~80  / Yin®




Fe203 Pine 0.25/1 Fixed 750~850 30 0 12.6~13.3 / 46~77
Fe203 Pine 0~1/1 Fixed 850 30 0 11.1~13.3 / 64~77
Fe:03 Pine 0.25/1 Fixed 850 30 0-1 11132/  68~81 Liu¥
Fe203 Pine/PE 0.25/1 Fixed 850 30 0.25 / / 77~89
Fe203-Ca0 Pine/PE 0.25/1 Fixed 850 30 0.25 / / 88~92
Copper ore Pine 15/1.7 Bubbling 800 10 / 5.8 26.6  83.2
Guo*
Hematite Pine 15/1.7 Bubbling 800 10 / 12.1 55.1 64.6
Fe203-Al203 Pine 15/1.7 Bubbling 800 / / 12.6 817 60.1
CuO-CuAl204 Pine 15/1.7 Bubbling 800 / / 5.9 95.6 30.8 Zhao®
CuO-CuAl204 Pine 15/1.7 Bubbling  600~850 / / 59~8.0 59~99 25~47
Copper ore Pine 15/1.7 Bubbling 800 / / 5.8 832 26.2
Cu-Fe oxides Pine 0.4 Bubbling 800 / 0.75 24~76 66~95 /
Cu5Fe5 Pine 0.4 Bubbling  500~900 / 0.75 49~7.6 56~97 / Ny 37
Cu5Fe5 Pine 0.4 Bubbling 800 / 0.4~1.25 7.3~79 72~95 /
Cu5Feb Pine 0~0.8 Bubbling 800 / 0.75 4.7~10.4 66~97 /
Hematite Pine 0~0.4 Bubbling 800 / 0.15ml/min / 58~78 60~70
Hematite Pine 0.2 Bubbling 800 / 0~0.3ml/min / 68~77 65~70  Jin®®
Hematite Pine 0.2 Bubbling  700~950 / 0.15ml/min / 56~85 60~79
CoFe204 Pine 0.4~3.2 Fixed 900 / / 6~15 12~29 12~25 Wang®
CoFe204 Pine 0.8 Fixed 900 / 30~50% 12~13  41~60 42-~54 0
CoFe204 Pine 0.8 Fixed 700~900 / 50% 11~12  50~70 38~79
Fe203 Algae 0~0.4 Fixed 850 10 0.0432g/min 11.6~14.2 62~77 68~81 Liu*™®




Fe203 Algae 0.25 Fixed 700~900 10 0.432g/min 10.2~12.1 57~78 53~82
Fe203 Algae 0.25 Fixed 850 10 0~0.072g/min  11.7~14.7 67~71 52~82
CaFe204 Algae / Fixed 650~850 30 / / / 34~89
CazFe20s Algae / Fixed 650~850 30 / / / 38~92
CaFe2xC0xOs Algae 1/3 Fixed 850 20 50ml/min 11.4~16.3 59~78 69~91
Fe203-Ca0 Algae 0.834/0.25 Fixed 600~850 30 / 13.3~14.9 / 16~66
(ISIZZ/'ZZ/CZ);) Algae 0.4 Fixed 850 20 50ml/min 11~13  73~84 80~95
Caz2-xSrxFe20s Algae 1/3 Fixed 850 20 0.024g/min 13~15 60~82 70~99
Fe203(K-doped)  Rice straw 0.25 Fixed 900 30 0.03g/min / /|  57~85 Liao*
Fe20s Rice straw 0~0.4 Fixed 850 30 / / 55~81 53~58
Fe20s Rice straw 0.2 Fixed 700~900 30 / / 46~87 33~63 W 4
Fe203-CaO Rice straw / Fixed 850 30 0~0.048g/min / 90~92 67~95
Fe203-CaO Rice straw / Fixed 600~850 30 0.288g/min / 15~92 27~95
Mn-Fe-Al203 Rice straw 0.2 Fixed 650~850 25 0.0432g/min / 44~94 34~90
Mn-Fe-Al203 Rice straw 0.2 Fixed 850 25 0~0.072g/min / 75~95 63~93 Chen®
Mn-Fe-Al203 Rice straw 0~0.3 Fixed 850 25 0.0432g/min / 83~95 83~93
Fez03 Algae 0.5/0.5 Fixed 800 20 / | 77~87 57~72 HU®®
(microwave)
Fe203-Al203 Rice straw 1/1 Fixed 750~950 10 2.8 / 66~88 /
Hu54-56
Fe203-Al203 Rice straw 1/1 Fixed 900 5~25 2.8 / 66~85 /



Fe203-Al203 Rice straw 1/1 Fixed 900 20 2~4.8 / 76~95 /

Fe.0-ATP-K  COfTee 11 Bubbling 900 60 0.23g/min | 72~86
ground
Coffee . . 58
Fe203-ATP-K ground 1/1 Bubbling  800~900 60 0.23g/min / 62~86 60~96 Zhang
Fe20s-ATP-K ;‘ﬁg 0252  Bubbling 900 60 0.23g/min | 57-93 61~95
Fe203-ATP- Activated .
I 750~ 46~ ~ W, 59
ALO: Carbon / Bubbling 50~900 60 / / 6~90 35~98 ang
Kitchen . . 60
CuFe204-ATP waste 0~1 Bubbling 850 60 1g/min / 64~85 57~78 Wang

20C/B, the mass ratio of OC/biomass for the fixed/bubbling fluidized bed or the OC mass/biomass feeding rate.

bRy, reaction time for gasification.

®H0, the additional reactant gas presenting in three forms, such as the mass ratio of steam/biomass, the steam concentration in the flow, the steam
feeding rate.
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