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Reaction type Example
1. Autoprotolysis .
2 HO HsO" + OH
2. Protonation
e |2+H,o‘ L1+ HO
OH OH OH OH OH gH,
3. Deprotonation by OH™-ion H.C-CH—CH, : HC-CH—C)
Lol L"+ HO 1117 + HO
OH OH OH OH OH Oy
4. Dehydration °
TLE — gt ewe
OH gre© on  on
S. Keto-enol-tautomerization HC__H HC. M
i — 1
o OH
6. Acetalization W o.
S o LJ" + 1O
OH OH OH { —
O
7. Aldol condensation
LN . Ho
i CH
o o W. Biihler et al. /1. of Supercritical Fhuids|22 (2002) 3753
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W. Bithler et al. /J. of Supercritical Fluids|22 (2002) 3753
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Reaction type Example
1. Initiation reaction .
H,C-CH—CH, H,C—CH «CH,
S e o T
OH OH OH OH OH of
2. p-Scission hiomcH—c .
~CH—CH -y
CPTTE s we=o . M
OH OH O« H OH
3. Hydrogen transfer .
H,C-CH—CH, ,C~C—CH,;
T e e — MO
OH OH OH OH OH OH
4. Radical isomerization .
CH;—OH —> CH;—0*
5. Radical addition .
WO=CHy + Gyt HE-CH=CHy
o
6. Radical dehydration o
5 P on
P — o + HO
OH OH OH o
7. Radical substitution o+ He W+ o
8

. Radical termination
reaction

W. Biler et al./J. of Supercritical Fluids|32 (2002) 3753
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AL - IKOIRRER] (P-p-T) AL - IKODIRRER] (P-p-T)

E7, atm v EBTIEAF U RIEHE
VAIERTH, BREDAF
250 P
v ?;%;‘37 YhIVIR L OBEEHSITS L TR
N ‘ 57 o IGERENEL D
200 S8 A8 FER v RB TSR RSN %L%E’J Jiﬁig‘i L3
- ELTREARL ENT & RRENED
BEES v RENET B xZ N
] K LTHMKSBETE D
v B FIAEE RN <14 70 Ly
150 |  @F---------mmmmmmme e B LRISIEEE 50 FTiEm
) N ABAESR CESEES SHEOHEIFZNITEH
RLUERE. EATHLRBAD FTEHL

KBSV ERIEAIER B

TIRF Y IIEERT D
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a () FbhE B
SiE .. TIRF v I D - K
50 ] [ ) SFLIE250°CL LT
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SRIGRABICERT S S
0 DHH BN, ETCHER
0 0.2 0.4 0.6 0.8 1 1.2 I BbhIFTIEER W

Eg/em? 2

\ N 4#7%@&)3% 7F ER
NAFTRETZ X 7‘ v 7 Dt I s o we ™

/f/f 7]—71 i{t °C MPa % Yo wt%  wt%  wt% wt% wt% MJkg MJ/kg
Bark of the fruit of Magonia
E Festens (V) 43.04 546 054 509 0.88 155 1481 162
MP-HTI 170 5h 4625 641 46 07 304 035 087 2395 246 [
MP-HT2 180 5h 375 618 43 06 332 04 083 2214 232
MP-HT3 19 5h 2743 521 5 04 423 0.6 116 1833 197
Corn stover (CS1) 66 465 57 13 393 063 146 19 187
CSI-HT 260 6h ~35 94 211 662 52 23 159 018 094 27 274
ESFALEY Corn leaves (CL) 28 468 63 15 444 071 160 19 191
de ok © s i 260 6h ~35 16 28 2 53 25 15 16 0. ;
(B, BIAEE. BB, 7S /B CL-HT 287 722 53 25 158 0.16 087 30 297
Scots pine bark (SPB) 24 5359 03 417 059 133 2 21
SPB-HT 260 6h ~35 13 499 701 49 03 218 023 083 28 280 U
Wheat straw (WS) 8.6 456 58 03 429 071 152 18 181
WS-HT 260 6h ~35 63 242 613 5 07 19 021 089 27 273
W B Willow 19 493 6 04 453 069 145 19 196
z K2 WL-HT 260 6h ~35 07 403 695 5 06 214 023 086 28 279
[1]1R. V. P. Antero, M. Domingos, L. L. Suzuki, S.
36 4522 6. ) 8 L . ! P A c j
 VEsits G s @) o (L i WL B. de Oliveira, S. A. Ojala, A. R. V. Mendonca
EB-HTI 20 20 44 27 464 495 559 4491 068 136 202 192 and S. S. Brum, Materia, 2019, 24, 19.
EB-HT2 240 2h 55 412 6842 507 26.51 029 089 27 270 [2] H. Wikberg, S. Grongvist, P. Niemi, A.
EB-HT3 275 2h 57 422 6973 504 25.23 027 087 273 276 Mikkelson, M. Siika-Aho, H. Kancrva, A. Kasper
N N EB-HT4 300 2 6 59 40 7272 5.05 2223 023 083 292 289 [3] 2nd T Tamminen, Bioresource Technology, 2017,
BEHFILEY EB-HTS 240 4h 56 415 6922 507 25.71 028 088 282 274 fss]sgg-myvm  Mens. . 11 Zhane. 2,11
" ot . Gao, Y. Y. Zhou, F. Meng, Y. H. Zhang, Z. H.
(E/~—2T) EB-HT6 240 6h 6 409 6892 507 26.01 028 088 28 272 Lit, W. G, Zhate and G. Xue, Enery, 2016, 97,
EB-HT7 240 h 109 401 69.58 493 25.49 027 085 271 272 238245,
23 24

EB-HTS8 240 10h 9.8 40.3  68.89 5.13 25.98 0.28 0.89 26.7 272
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Y " ~N |
j— Cl ) ~ |y _g /N /r - i\ @ )i
/\/r E;‘ )&’b\é'iﬂ_ 7N E/_\ J/L;\ . l_ ZIN
Sample T Time P an VM ¢ g N o0 s o wc HEV Ref.
- (solid) (cal.)
Sample T Time P Ash (‘:‘:fil:) C H N O S O0/C H/C HHV :{c:']‘; Ref. °C MPa__ % % Wit% wi%  wt% wt% wt% Mkg Ml/kg
: ize si 11.45 055 158 223
oc MPa % % wi% wi% wi% wi% wi% MIkg Mlkg Pz @)
— o5 o5 12 326 01 0i 13 a8 MS-HT1 19  2h 11.65 718 039 137 254
BermulehlBRD oo . i e 14 ame ol ox2 1 s MS-HT2 190 6h 871 557 034 129 264
[ 250 3h 62 70.8 61 o 21.3 06 023 103 29-6 P [ 0 1o 1041 63 033 133 27
L2 - 5ol 01213 0.6 1023 1 - MS-HT4 230 20 1238 604 024 126 297
BM-HT3 250 20h 7.9 722 6 04 177 0.7 0.18 0.99 303 A — 230 6h 1329 495 016 12 326 91
Waste wood (WW) 8.53 3836 634 3.56 43.22 085 1.97 162 MS-HT6 230 10h 1321 493 014 118 333
WW-HTI 210 30 min 743 73 4502 633 15 3972 066 1.68 18.9 (g 270 7h 31 413 012 113 338
WW-HT2 200 b 712 65 4614 625 1.82 38.67 063 161 193 [5] e 270 6h 1457 434 01 116 352
WW-HT3 250 30 min 814 55 5108 599 278 32.02 047 140 214 . 270 10h 1426 402 009 L13 357
WW-HT4 250 Ih 949 50 5536 571 3.72 2572 035 123 23.1 Coconut fiber (CF) 8.1 071 141 184
Eucalyptus sawdust (ES) 0.62 071 147 16.69 [4] X. Y. Cao, K. S. Ro, J. A. Libra, C. L CF-HTI 220 30min 62 766 037 101 247
ES-HT 250 2h 054 40 027 081 26.19 R <cmomaom, 1 Lima, N. Berge, L. Li, Y. Li, N. CF-HT2 250 30 min 5 657 03 093 267
Chen, J. Yang, B. L. Deng and J. D. Mao, J. Agric ) )
43 066 145 17.34 5 300 30 43 65 021 097 294
. 250 2h 043 37 021 086 27.49 Food Chem., 2013, 61, 94019411, Crma 50 30min v s 021 074 287
- N - : i [5] Y. Lin, X. Ma, X. Peng and Z. Yu, Bioresource CF-HT4 mf" ) ) ) . -
Comn stover-2 (CS2) 28 073 1.62 162 (7] Technology, 2017, 243, $39-547. CF-HTS 375 30min 86 59 015 066 30.6 o)
CS2-HT 250 4h 21 036 0.18 094 27.76 [6] M. Sevilla, J. A. Macid-Agullo and A. B. Eucalyptus leaves (EL) ‘ 10.5 072 159 189
Spruce (SP) 023 065 149 19.94 Fuertes, Biomass and Bioenergy, 2011, 35, 3152- EL-HTI 220 30 min 73 8734 038 12 253
SP-HTI 175 30 min 0.11 88 0.62 144 204 3159. EL-HT2 250 30 min 6.9  61.12 037 105 25
SP-HT2 200 30 min 0.12 80 059 14 21 [7]A_. BvFucncs,N!.C.Arbcs‘ain, Mchvilla:J,A. EL-HT3 300 30 min 7.1 61.32 025 1.05 287 [9]J. Mumme, L. Eckervogt, J. Pielert, M. Diakité,
SP-HT3 225 30min 014 70 049 124 225 Macid-Agullé, 8. Fiol, R. Lopez, R. J. Smernik, W. EL-HT4 350 30 min 99 4784 022 101 294 F. Rupp and J. Kem, Bioresource Technology,
; [8] P Aitkenhead, F. Arce and F. Macias, Australian ELHTS 375 30min 42 4278 021 08 287 2011, 102, 9255-9260.
Birch (BR) 028 LGRSO Y Journal of Soil Research, 2010, 48, 618-626. e I - [10] Z. Liu, A. Quek, S. Kent Hoekman and R
i . Corn stalk (CS3) 4.64 0.65 1.58 17.51 - Liu, A. 2 .
BR-HTI 175 30 min 0.09 0.67 155 205 [8] Q.-V. Bach, K.-Q. Tran, R. A. Khalil, 0. Balasubramanian, Fuel, 2013, 103, 943-949.
BR-HT2 200 30 min 0.09 062 145 20.6 Skreiberg and G. Seisenbaeva, Energy & Fuels, CS3-HT 250 4h 336 3548 0.17 094 2921 {11l [11] L. Xiao, Z-J. Shi, F. Xu and R-C. Sun,
BR-HT3 225 30 min 0.13 049 124 225 2013, 27, 6743-6753. 25 Wood 131 068 1,65 17.93 Bioresource Technology, 2012, 118, 619-623.
Wood-HT 250 4h 041 38.1 022 09 2838
E N > .
~ Y 7 0) ~ |
j‘l_i%/ \/\/(:j < ;7\6>)§}/L;\$ /\43ﬂ A /LN . LR
240°C for 6h or Vield HHY
350°C for 30 min Sample T Tme P Ash (RO C H N O S 0 HC HHV % Ref.
' °C MPa % % wi% W% wi% wi% wi% Mikg Mkg
1
Waste paper (WP) 8.4 36.03 586 001 49.7 104 1.94 142
C content ] 230 30 min 132 84 3501 532 0 4647 100 181 13.4
HHV VT 250 30 min 2227 58 3753 408 002 3611 072 130 137 [5)
WP-HT3 250 1h 2013 54 383 369 0.03 2885 057 115 141
WETA 250 2h 3123 45 3932 3.02 0.02 26.41 050 092 13.9
Office paper (OP1) 158 369 53 ) 085 171 126 145
OP1HT 200 sh 1 142 83 364 5.1 443 091 167 136 138
Office paper (OP2)
O content OP2-HT 200 sh 14 136 76 382 36 447 088 112 129 127
Newspaper (NP) 7 27 57 446 078 159 164 169 )
! NP-HT 200 Sh 14~16 34 70 50 56 41 062 133 193 197
1
227°C for 30 min L Yield Mixed paper (MP) 12.4 353 47 476 101 159 134 127
! MP-HT 200 Sh 14~16 11 70 392 64 444 085 195 15 164 [5] Y. Lin, X. Ma, X. Peng and Z. Yu,
Bioresource Technology, 2017, 243, 539-547.
Reaction severit Mixed paper recycled (MPR) [12] D. Gupta, S. M. Mahajani and A. Garg,
Yy MPR.HT 200 Sh 14~16 11 73 396 5.1 453 086 153 148 149 Bioresource Technology, 2019, 285, 121329,
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Yield HHV

227°C for 30 min Sample T Time P Ash (solid) C H N O S O/C H/C HHV (cal) Ref.
' °C MPa % % W% W% wi% wit% wt% Mlkg Mikg
I
! Grape pomace (GP) 4 54 61 19 355 049 135 22 223
! C content GP-HT 260 6h ~3.5 3.1 477 68 56 19 186 021 098 28 283
T Coffee cake (CC) 0.4 60 77 23 319 040 153 27 267
CC-HT 260 6h ~3.5 03 547 734 72 31 156 0.16 1.17 32 324 ~
Brewer's spent grain (SG) 4.1 50 66 39 39.1 059 157 21 210
HHV SG-HT 260 6h ~3.5 37 345 693 67 38 154 0.17 115 30 304
G i (ER) 26 390 47 14 308 059 143 15 154
GR-HT 260 6h ~3.5 234 284 555 48 17 161 022 103 23 228
Sugar beet pulp (SB) 62 511 67 34 387 02 057 156 21.6
SB-HT1 200  3h 12.6 613 54 53 278 0.1 034 1.05 24.6 [2] H. Wikberg, S. Grongvist, P. Niemi, A.
[4]  Mikkelson, M. Siika-Aho, H. Kanerva, A.
SB-HT2 250 3h 12.5 7176 17 171 09 018 1.27 31.8 Kasper and T. Tamminen, Bioresource
Technology, 2017, 235, 70-78.
SB-HT3 250  20h 12 722 71 27 18 12 019 117 315
O content [4] X. Y. Cao, K. S. Ro, J. A. Libra, C. L
Waste food (WF) 4.65 43.02 698 2.8 42.56 0.74 193 18.7 Kammann, I. Lima, N. Berge, L. Li, Y. Li, N.
0, H . WE-HTI 210 30 min 457 70 61.63 6.6 4.14 23.06 028 128 26.7 Chen, J. Yang, B. L. Deng and J. D. Mao, J.
230°C for 30 min Yleld 20 Tk A @GS G 869 M99 0P o - [5]  Agric. Food Chem., 2013, 61, 9401-9411.
. mn - B e = - [5] Y. Lin, X. Ma, X. Peng and Z. Yu,
WE-HT3 250 30 min 444 55 6538 645 4.07 19.66 023 118 282 Bioresource Technology, 2017, 243, 539-547.
1 1 r00d was 18 506 66 23 39 058 1.55 188 213 [12] D. Gupta, S. M. Mahajani and A. Garg,
Reaction severity Food waste (FW) [12]  Bioresource Technology, 2019, 285, 121329.
29 FW-HT 200 Sh 182 1 61 716 85 28 158 0.17 141 296 333 30

BER/NANA F X0 RIS
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227°C for 30 min 240°C for 6h or

| 350°C folr 30 min
C content ' i C content
HHV HHV
Ly E4
BH%
O content i i } O content
Yield "1 230°C for 30 min  2279C for 30 min " Yield

Reaction severity Reaction severity
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Sample T Time P Ash (‘s{;fi':) C H N O S C 0/ HC HHV :::1\), Ref.
°c MPa % % wi% wi% wi% wi% wi% wi% Mi/kg MJ/kg

Polyethylene (PE) 0.05 8422 1132 0 3.85 0.61 003 1.60 424
PE-HT (almost no change) ~ 280 2h ~100 m
T () 0.12 8223 1101 0 663 0.13 0.06 1.60 410
PP-HT (almost no change) ~ 280  2h ~100
Polyvinyl chloride (PVC) 386 47 01 56.8 0.00 1.45 19.0
PVC-HTI 180 15h 92 433 471 0 54000 13 207
PVC-HT2 190 15h 85 463 483 39 45006 125 215
PVC-HT3 200 15h 64 591 4.93 5 31006 101 259
PVC-HT4 210 15h 52 655 443 13 19 0.5 082 26.7
PVC-HTS 220 15h 45 724 451 12.1 65 013 0.75 293 2]
PVC-HT6 230 15 39 758 5.09 15 41 015 08 30.9
PVC-HT7 240 15h 35 807 525 125 16 0.2 075 331
PVC-HTS 245 15h 33 84 514 10.1 078 0.09 0.73 343
PVC-HTO 250 15h 33 852 53 9.1 0.5 008 0.74 35.0
PVC-HT10 260 15h 32 845 502 10 043 0.09 0.71 344
A mixture of the four waste FINEESZR + BHKES
polymers in the sea (PE, PP, 584 774 126 299 122 001 194 356 416
PET and Nylon) (MPS)
MPS-HT1 200 3h 695 667 79 119 06 145 001 180 383 413 [l
MPS-HT2 250 3h 62 401 801 126 114 001 187 389 426
MPS-HT3 300 3h 527 374 809 13 0.77 001 192 39.1 434

FMEART7RF VY

HAMEEGRTIZXFv o

[1]R. V. P. Antero, M. Domingos, L. L. Suzuki, S.
B. de Oliveira, S. A. Ojala, A. R. V. Mendonca
and S. S. Brum, Materia, 2019, 24, 19.

[2] J. Poerschmann, B. Weiner, S. Woszidlo, R.
Kochler and F. D. Kopinke, Chemosphere, 2015,
119, 682-689.

[3] M. E. Iniguez, J. A. Conesa and A. Fullana,
Fuel, 2019, 257, 7.

T RF w7 DRISE

Sample T Time P Ash (‘::fi'g) C H N O S Cl 0/ HC HHV 2:‘; Ref.
°c MPa % % W% wi% wi% wi% wi% wi% MI/kg Mg
Polycarbonate (PC) 7425 856 0.02 17.17 0.17 137 342
PC-HTI 250 1h 18 7941 794 008 1257 0.12 119 358
PCHT2 300 1h 9 7904 774 02 1292 012 117 354
PCHT3 350 1h 8 8212 708 0.02 1058 0.10 1.04 36.0
g;%‘;si;‘“’“‘ PolAEne 8739 7.63 1.04 395
HIPS-HTI 250 1h 9 87.78 745 101 394
HIPS-HT2 300 1h 66 8742 637 0.87 38.0
HIPS-HT3 350 1h 1 8045 589 0.87 350
:;Z::“(i:g;’“mdie"e 8035 729 52 021 1.08 36.6
ABS-HT1 250 1h 94 825 749 515 026 1.08 6 4
ABS-HT2 300 1h 61 7908 634 04 0.96 35.1
ABS-HT3 350 1h 2
Polypropylenc (PP) 83.95 13.82 1.96 45.6
PP-HT1 250 1h 91 8382 138 1.96 455
PP-HT2 300 Ih 88 84.67 13.83 1.95 459
PP_HT3 350 1h 64 8417 1322 187 45.0
Polyamide 6 (PAG) 41.67 647 797 1.85 221
PAGHTI 250 1h 27 208 026 022 149 10
PAG6-HT2 300 1h 21 151 016 006 126 0.7
PA6.HT3 350 1h 20 123 017 007 1.65 0.6

BABERTFIRAF VY

HAMEERT7RFv Y

MEERTFRAFv Y

IMEART7RF VY

BRABERTFIRF VY
[4] X. Y. Zhao, L. Zhan, B. Xic and B. Gao,
Chemosphere, 2018, 207, 742-7523.
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TOXFyv O] C{TINES R TORF v oDORISET PVC

Sample T Time P Ash VM ¢ g N o s a ocwc mav HAY gy
PE PP < PS < PVC
- °C MPa % %  wt% wt% wt% wt% wt% wt% Ml/kg MJ/kg
E}T;Z;{;ZY(IPVC) 386 47 0.1 56.8 0.00 1.45 190 [1]
PVC-HT 210 30min 22 0 45.36 3.82 21.29 2953035 1.01 26.15 18.1
H H CH3 H Cl mc“e”‘“"se' 210 30min 2.2 125 53.28 5.26 2721 1425 0.38 118 30.43 22.0 [1] J. Poerschmann, B. Weiner, 5. Woszidlo, R.
| | [2]  Koehler and F. D. Kopinke, Chemosphere, 2015,
C C | | PVC/lignin-HT 210 30min 2.2 4.36 59.5 6.33 28.19 598 035 128 31.8 252 119, 682-689.
H [2] Y. Shen, Ind. Eng. Chem. Res., 2016, 55,
| | | C_C PVC/xylan-HT 210 30min 22 2.85 51.8 4.93 25.03 18.24 0.36 1.14 29.08 21.2 11638-11644.
c—C | | =
H H | I « %, - Elem
n n H H o, OHOHOHOH 9 TR e
o Stermization oryin
n H Hin e/ AN X, e N, oo )
[« a o & % % Aromatics + A Warhing Process ;
) W c o ionali Condensed carbon l'ar‘;?;::;'fw sRES
> Val )b}imb EE& m <\: 7—5\ U }i mb\k_ 1—_|— A Dehydration A sn:’I'I“ r;:‘ljer:::slar Polymerization"etwork (Char) Eidsnsed Ui
N M N R ~ N s~ % & /Aromatization
VAT URIGHEFTE LA WSS, BENVEE T 2700 TR ILF A RE %N NN ‘oﬁ"ifv\"
v 3h0°CU ETCHERICRIGHED ’ &

DOI:10.1021/acs.iecr.6b03365
Ind. Eng. Chem. Res. 2016, 55, 1163811644
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Sample T Time P Ash (‘s(;fi':) C H N O S Cl 0O/C H/IC HHV :::1‘)] Ref. “ B L 7= ﬁ‘iﬁj@%@% V2
°C MPa % %  wit% wi% wt% wt% wt% wi% MJ/kg MJ/kg PR

Pistachio hull (PH) 493 6.8 1.78 46.1 0.70 1.64 17.46 20.4 454 —=—PH/PE /,’ Se
PE 849 122 0.1 29 0.03 1.71 45.6 437 0] —® PH/PP / \\ )
PP 85.1 133 0.1 15 0.01 1.86 47.4 452 —A— PH/PET ! AMEERT7RAFv Y
fe‘iﬁt:;‘fﬁ::(},lin 437 4 041 52 0.89 1.09 112 146 _35' —v— PH/NY , K
Nylon-6 (NY) 608 81 12 19.1 024 1.59 28.6 286 %‘)30- -
PH-HT 350 15 221 612 51 35 311 038 0.99 21.8 24.1 = 254
PH90/PE10-HT 350 15 356 73.1 86 2.8 158 0.16 1.41 34 340 ; ‘\\
PH80/PE20-HT 350 15 40.7 754 9.8 1.8 13.1 013 155 371 365 [y T 20 ( \ AT 5 X Ty s
PHOO/PP10-HT 350 15 301 715 92 23 165 0.17 1.54 34.6 34.1 154 . ek
PHS0/PP20-HT 350 15 403 720 90 2.1 163 0.17 1.48 343 340 < R
PHOO/PET10-HT 350 15 242 586 43 35 336 043 087 197 219 104 S~eL____--"
PHS0/PET20-HT 350 15 378 504 3.8 2.1 435 0.65 0.90 188 17.5 5
PHOO/NY10-HT 350 15 241 609 55 3.9 293 036 1.08 23.1 247
PHSO/NY20-HT 350 15 238 585 43 39 329 042 0.87 20.1 22.0 e 0 e oo o o
[ eChgEaliE 32019 306 617 6.2 2.8 296 U 20 2R E 3 Chock, Hots Mamagemerss 2020, 100 HT 10%Plastic 20%Plastic
PH80/Mix20-HT 350 15 339 649 5.1 2.1 28.1 0.32 0.93 25.7 351-361.. HT HT
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