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BEHIB D, FLLE AR AR AN FLER 20 A th FR ) 1 & (1 = BOT
KRR, & MBI BARFMMBEAL IR, T LUAER
FHAEBURAK AR T RFFBR KR &, fRIEH 78 00 7
e, AT ERAF BRI ER A5 S0 B BE R - K v, BLAE
—ERESE b s AL A .

N TS K B 1 EL A T £ o SR v PR
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MI5Em, Dyt — B P RE AT e K #A T AN F2 K
Vil R B0E T A BIR SR

1 #MR57F%E

1.1 BHMRESHE

AR R 5 R AR K AR HSEFT . MRAE
FEA KA % 5 kg, SAMRWG , FRRREFFUIBIZE 10 cm
Fedi, FESRAIERON 105 CHUGE I 36 ho BT RS
R 9FQ-320 BUMGREMLIEEATHLRY , KA RS AT H
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RT-34 W BB EHLIEAT R, 4865 0.42 mm Fii R, M
TIRAFAAG K FEFE« JHZEFT . ARAEFT RN K AT d)a s
XA RIFPRAEFF AT REHL 4045, 0TI b %5 R A7
%M

1.2 FEFFRUBKBRILIRIE

FREURSFFIERL 5 g, BHL 40 mL £ 7K, 2HIEA
RN 100 mL A7 584058 B = TRV Al R, RIRS), 2R
JE BT MDS-15 Snd SRR R TR, CRgEio
HIEAT R K PR ARG . ROV EEHRIEAR N, Rk
IFEIATIIE B . AP BN B, JRE4 C
VKFERTRARAT o« AKIREEFPIRON 105 CHEFEHHE 121, 4R
JEBENIRVE & . BUGRIT 2 CPTESR .

R P 28 1) AR FE v AT B IR R AR B T T o AR R A R
55, PRIEREAF S/KMEMREE N 12 8 g/mL, I ThEN
600 W, TEHFAAEFTANSE. AKIGEE ., (ZRIN e, i
A 37500 %58 A BT AR 7K B i R A P BRAL RV R S . 4 A
Rl A8 43 ol 1AL 8 N FEFT PR O KFEFT . WS AE . 48
TEFF S TKFF; AKHGRE N 180, 200, 220. 240, 260 C;
=AY 04 60, 120, 240, 360 min; 43 5 FREUFS
FERE I 0. 10%F1 20% IR PE (40 751 KoCOs, BT B A
40 mL K,CO; W, Fils 5 g B I 2 K,COs I
RAES . FEFF B oK R R R T Rk 1
Fizm o

®1 BEHYEKARERRERITAR

Table 1  Single factor experimental design of
miocrowave-assisted hydrothermal method of crop residues
IR AR EE (2 BRI [
LEIE KA eI et
Types of straw Hydrothermal Retention Catalyst K,CO3/%
M temperature/C time/min ystiatbsio
'7J<$’r'—'|ﬂ: 180, 200, 220. 240, 260 60 0
Rice straw
AT 180+ 200. 220. 240. 260 60 0
Rape stalk
Hi AT 180, 200, 220. 240, 260 60 0
Cotton stalk
EKRFF 180, 200, 220. 240. 260 60 0
Corn stover
E% Vil 0. 60. 120,
Corn stover 240 240, 360 0
AT 240 60 0. 10. 20
Corn stover

IKIEEF=F (Y ) JRA R KA T B (5 K AT RS
FrERREM G, mal (1) Fim. BAHSER (Y
JEVRAE = (5 K AR RS R R R E b,
X Q) Fim. BMAEFEER (Y & 100%)k 2 K AEE =R
WA=, s (3) Fis.

Y, =% 100% (v
m,
m

Y, =—%%100% Y
m,

Y. =100%-Y, -Y, 3

b ms 2 KA BT, gs muR/KIVER R, g
m e AR, g.

1.3 RHEFHRYBRRRUE AR RR EL BO M ZE 4 47

WA= pH B H FE28 B pH iHII5E, WAH™
Y H SR K DDS-307A HL S RAGHEATIE « WA
Y NH, N F1 PO —P %5 R A & KK Smart chem?200
& B AT OGEAT I E .
1.4 JKAREIBUERIERTNE S 4
1.4.1 AEHHAmiEE

K#EER C. H. O. N. S JLEFH Vario Macro
Elementar 763 70 BT GHAT 4017 AR BB BRI Cpy
%) AR C JoR HAREFT R C TR T
B, s (4 Fis.

7kﬁ%:\%'cﬁx1ow% )
(i
K C BRI C LR BT, %;
R C LR E A, %.
1.4.2 T lpHfeitgitit
TRAY 8 AP HE SR AE 780 C L B b Hyke 3 he $E K
I3 DE GRS TE 900 C B4z < N InFA 7 min. [ 2B
S 100%78 2 ¥ R 3 FUIRK 7 o v or VB2 >R FH 55 [ Parr
6300 B AAGEITINE oK ER RER LR (g, )
RAER (5 #ETiHER,

C sk

HHV& * Y’:r_
—— x 100% (5 )

Tanv-g =
HHV%

A HHV w1 HHV o7 50l 2 A F UK A 1 6 HE
Ml/kg.
1.4.3 82 etirshaban Kkt

%1 2100 FI LB ASFT K 0 SIRIGER T IR &
SR J5 B T Thermo Fisher Scientific IS 50 (£[H ) {# B4
AN ST R AT R
1.4.4 B9 4EHHT

BU/D S REFTRIK AEERE S [ e FE R b, JFEAT
M Ab 3, AR5 8 H 7 s SUS010 A& S 414 F B X A
FASFRK VR IET T B
1.4.5 ik @BRRILZETH

KRR I Eb 2 TR R B FLAR K /I 2 3 3k 20 R R P B
7, KM ZEE ) Micromeritics ASAP 2020 H 3 [ FA A1
FLAE 53 B 52 ASCGEEAT I 5 43T o

2 FER5HMh

2.1 RREIKHAZFG X TEF RO K AR

AN [F K SR EAE R FE A G =0 S M an P 1 R 2
. BEEKPIRERI TR, M 180 CH| 260 C, A
[ R RAEF K RER R E 64%~88% FNIFE 41%~
55%, WA H 10%~34%H M E 40%~52%, Sk
PER M 0.8%~1.5% M & 4.6%~6.9%. FiFT &4 78
KGR FEBOR A KRR AR . IR R, HEHEKR
M, B KRR E TR, KN, R R AR R
LR RN L Y 0 B AR B RTRRYY, R,
BORAR = 238N . R0, FEH oK A6 A P oy kA
— BB, A CO Al CO, SR, T EUKREF



510 34 R & EECH

AN TR KRR A A A 7K B A D AL s R 5 g R P 5 i 207

Z 3 N

HIZ& 2 AT LAE Y, Bl 15 B I RSB G, TR AT
IR IRAR T AR PR AR R S 0, VAR 7 AR S BN BB o 3K
A RE S T 7R A S N i A I TR S A T B 22 45 B
B, WA A = kAP a REFER

©
=N

{—H
2
o
5
«
g
=

23
=
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IS, W R (K B S A, N 8 360 min
I K AR AN, WA R BEAR . LT K,COs 1Y
TR T OKIAERF R, 80 T ORAN AR 2, "TRE
REHT KCOs BB THEAAER, (EARSFFA LAY KA
TR R A S S R X A2 30, IR 1 27 S BT ERE ).

32
180 200 220 240 260 180 200 220 240 260 . 180 200 220 240 260
TK IR % Temperature/ 'C TR FEL 5 Temperature/ 'C 7K IR )% Temperature/ 'C
a. IKIEEFE R b. AR E c. RAkrEE

a. Coke yield

b. Liquid yield

c. Gas yield

TE: I EDY 60 ming AT HET EAR TR R KR RBOR AW R 2R R (P<0.05) .

Note: The retention time was 60 min; No catalyst; different letters represent significant differences of miocrowave-assisted hydrothermal product yield among different

B 1 RHIR BT TSR AT R AEAT MK M b %o

types of crop residues(P < 0.05).

Fig. 1

Effects of hydrothermal temperature on hydrothermal products from different types of crop residues

F 2 (ZEBEEFEL IR E KT 240 C THRUB K A=Y IR =LA R A 20

Table 2  Effects of retention time and catalyst on hydrothermal products and liquid compositions of corn stover at 240 ‘C

7K 724 Hydrothermal products

AR =42 B Liquid compositions

R AT KCOs

% Fact i NN - FH -
W% Factors - Retention - Catalyst g ypgpemnLiud S ot BEE e poiew
S Coke/% product/% Gas product /% pH value 0 Y (mg'L™") (mg-L™")

(mS-cm ™)
0 0 55.88d 43.14a 1.98a 4.86d 7.68a 83.22a 123.92¢
60 0 50.80c 44.42a 4.78b 3.54a 8.96b 113.60b 148.61d
i Bamt I
Retention time 120 0 44.68b 48.48¢c 6.84c 3.63a 9.38¢c 120.61c 114.74c
240 0 42.46a 49.78¢ 7.76d 3.80b 8.18ab 127.45d 82.95b
360 0 45.67b 46.31b 8.02d 4.25¢ 791a 126.58d 67.59a
60 0 50.80c 44.42a 4.78a 3.54a 8.96a 113.60a 148.61a
AL

Catalyst 60 10 42.58b 50.49b 6.93b 5.03b 32.56b 146.67b 183.97¢
60 20 39.67a 52.55¢ 7.78¢ 5.68¢c 58.79¢ 189.22¢ 164.52b

e AR EHMRRA RS B ) W s A A B e 22 5 B2 (P<0.05) .

Note: Different letters represent significant differences among different retention time or catalyst(P < 0.05).

PRI AR, KAEFF RN AL FT K R P2 R T K
FERH S FT /K B 772 R 10%~20%. AR ELEF4E R .
LT UERE AR RN, MAREATRR R RS R, KB
FRIO K i, DG 8 AR K B = R s il
SERT PR = e AR = R B R, AT BB BT SR T
By . FOKFTE & S R KA & WA 4
RS KA KRR, R, SRR RO PR R AR,
PP A .

2.2 AEKBEEITIREFYIERREE FILH 5 89500

AN TR IR AR GE A 5 R T YA = T ok P55 A 4 4 1) S
W 2 FI5R 2 Frowo B 2 AT 0L, /K #us B E] 24 60 min,
B 7K AR T v A BRI TR S, YR pHL (B2
TEEEHN, YRERTE, 220 ‘CHI pH {H#E/IMEA 3.13,
X ATRESE T oK AGE FE , REFF R AE KRR MR, TR
FHF=H R AR i T — e S ERYIIE, 7K R FE T A R I
K, BRI SURA T BRI, AER T AR B
T TE AU B T e, RO~ i 3 3R a3 n = %
i, HAMEN 9.38 mS/em, AIRERH TEKIIFIEET,

FA R L LI ARAT T WO, TR, Bl s SRR B
Ry A BT 5K IERAE TR A RN, B
KK b, SR TR BRI AT K.COs N
NHRE T W= pH (A G, FER BT KCOs
S, HSIANT KET.

I 2 fiZk 2 WTLLEH, BEE KGR T A
R ZE e, FEAFRAH =20 ) NH-N & 23R,
260 CHf B KB N 155 mg/L, 1 PO; -P J5i &k B a1 I
JERA%, R RfH Y 308 mg/L, iX Funke Fil Wu 21017
FRRIF 5E 45 BEAR — 8. REFF AR 1 T e KRG R v B AR
—EREENIKA, ERERER, ZIERI DK,
—#or N TR EE, —r Nt NmE &,
AR T WAL A AN SR KR e A T DA
R ER T AFAE, POy -P &AL /KIS 220 CEUR
i IH) 120 min JE /b, 7RG S TR L Sk R AE T
SNE, DB AR AT SRAFAE Tk B 70 bk fi Ak
7 KoCOs IR 7 NH,-N Al PO;-P & .

FLER RS, MRfeFPKIAERI pH EiR, Hik2
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IKFEFT KRB 2a) o FORFTBAR ) FEL 3 38 \NH, -N
A POT-P & B, VI E RS SRR, W

481 —@— /KFEFT Wheat straw
—@— FKFFCorn stover
8 441 —A— i FTRape stalk
T;‘ —k— H{EFF Cotton stalk
T 40
.
2 a6l
.
32T
L n 1 1
180 200 220 240 260
7K #4iEL ¥ Hydrothermal temperature/'C
a. pH{E
a. pH value
160
120
&0
£
2l ‘_/
%7 1 Mx
0 1 1 1 1 1
180 200 220 240 260
7K R ¥ Hydrothermal temperature/C
c. NH,"N

e KIZ RN Y 60 mins TEAEALA.

Note: Hydrothermal retention time is 60 min; no catalyst.

LI B AR FRL TR I G 3 Bk, P fE
F AT 28 2

e —

nl 3

B, 5% Conductivity/(mS-cm™)

180 200 220 240 260

7K #5 B¥ Hydrothermal temperature/C
b. G
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3501
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Fig. 2 Effects of hydrothermal temperature on pH value and compositions of liquid products from crop residues

2.3 AREIKMEZEMIKBEELERINGERIE LRI

B 5 7K B FE T s A BRI A K, RS FF K R 1
[ e C AL BN, KIVERIIE R4S Hy O S,
BREEAL RN B B AL R IR (3R 3) . MR B A] A 360 min
B, KRR R AL R M0, P RE A2
TR WY 360 min B YRAH =04 55 25 R AR — 0 46
BRESERN, HRTHIEIESYM. K
TR A0 2 R B 2 B A 28V L 3 73l T IA 56.65%~98.13%FH
58.22%~92.19% (£ 3) o KL 2 kS IR THEK
gy, ATREE TR TR R R, BEE IR T
TR () ZE K, RS FT A HLALAY KA 46 A T A I B
U, R, KR C. [ E A AL RVER I (R 3D .
[, SRR AN S A= 0 A i rT LAY FE K BB 1 H ORI
O JG&K. A, K#EEFK-OH. —CH; FI—CH, % 3111 4
BEERG ST F AL, HRE H S 2P, KHJTF
GRI, FEFFI N 3 Sk N RO R, T B R R A
[T ) /| e = & VT I Ui BN I SE R Y AR A5 %37 A k= R A /B
B A RS N 5 B4R, R, KRR N JG
RERIKER I GR3) .

AN A RFEFF KRS R TR AR S &R/
T: C>0>H>N>S (£3) . BEEKMEETF =
FEI I ZE K, KR H/C M O/ C HEE/RELE
TR, AR — R RS (B3, REKIEE
R A FBE AN 5% 2 i 3 i U422, H/C A O/C EL R BE
fiX, ATfEE B TRk GERE R, FEFFHR ST 4E R .
o A1 Y F S ML 53 AN W R AR K R R 3 e B, [
I} A FF o 00 55 7 /N 43 1A A 0 R R S SR A A PR
VAR NV B3 R A S I B4 KA HYC

M O/C EMETFREFF. F08. BEAAM, (HEm T
w2 (E 3

B 3 A& 3 WTLLE H, Bt AT KoCOs
AR T C Hy @S #VE . B ERRE B E,
w7 O/C F&, WEEEHT KCO; Ik 7 #fF A
JR AT 4 B W B A, A2 LA WL/ 2 ) i 2 (1) B
Bl TR R, X RS R Xt
FEAS R AP R AR, e K IEFR ) CL H R 7.
ELIVE I ROR (3R 3) , WRER BT IEAF A LA
SaEl M KRERRE . RELEMfEE
AR, AR T HOR B R & B i,
HHAMFEFF KB ERLEL, £ 180~260°CH, KAFF/K
WMy SR, HIERSY FEk. C. HAS
Rl AR (R 3D .

2.4 I #4FFCrop residue € 7K #£Coke 180 C

© TiGrass P 7k #EE Coke 200 C
A & Manure @ /KIECoke 220 'C

I8 Y A At Wood * 7k #fCoke 240 C
8 14 15 Coal ® /K Coke 260 C, P

2 F K#HECoke 0 mi
12 ‘ 7]\# £Coke 0 min

©
[» 7K #HCoke 60 min
¢

H/C

0 7K Coke 120 min
s & D !
0.6 o o 2
& I KHAMkCoke KiCOs
0 01 02 03 04 05 06 07 08 09

o/C

B3 AWRIPL AR A 5 H/C A= O/C 8935
Fig. 3 Scatter plots of ratios of H/C and O/C for biomass,
hydrothermal cokes and coal
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Table 3 Ultimate compositions, proximate compositions and energy conversion efficiency rates of different hydrothermal cokes

Tlk4H % Proximate analysis

JEE 4 Ultimate analysis

~ . pifopgy eI

1% Factors Treﬁftfent Koy ﬁjﬁ{ﬂ\ IEIE ik ﬁifrli{oj HHV/I col;:lI:/:fi);n
Ash/% Volatile Fixed /% conversion HP% 0% NP% S%  (MIkg’) rate /%

matter/% carbon/% rate/%
FEFT 10.91 76.44 12.65 39.43 100.00 5.84 42.61 0.77 0.44 15.79 100.00
;j; 180 C 12.35 70.13 17.52 42.11 98.13 5.76 38.66 0.69 0.43 15.79 91.88
FF 220 C 14.44 63.70 21.86 46.15 85.11 5.59 32.62 0.75 0.45 17.93 82.56
260 C 17.23 58.87 23.90 51.00 70.34 5.31 25.24 0.82 0.40 21.13 72.79
FFT 3.20 79.21 17.59 44.42 100.00 6.27 4520 047 049 17.76 100.00
fj_ 180 C 3.83 76.62 19.55 46.37 67.64 6.22 42,66 044 048 19.16 69.92
;i; 220 C 4.49 73.11 22.40 54.96 67.26 6.11 33.62 043 039 22.82 69.84
260 C 517 68.73 26.10 61.00 56.65 588 27.05 052 038 25.07 58.22
H;ﬁjiiiial FEFT 3.96 77.42 18.62 44.16 100.00 6.31 43.82 124 051 17.22 100.00
temperature i} 180 C 431 74.56 21.13 46.33 90.96 6.07  41.79 1.09 041 18.30 92.19
H 220 C 5.84 67.97 26.19 51.52 84.18 5.88 35.11 1.19 046 20.96 87.83
260 C 7.89 60.15 31.96 56.00 64.91 5.59 28.76 1.32 0.44 23.06 68.57
FEFT 6.22 75.18 18.60 42.37 100.00 6.25 42.60 2.07 0.49 16.94 100.00
180 C 8.22 70.87 2091 46.23 74.34 6.18 37.12 1.83 0.42 18.09 72.76
i 200 C 9.59 68.32 22.09 49.78 74.59 6.06 32.38 1.76 0.43 21.03 78.81
FF 220 C 10.14 65.21 24.65 52.28 71.84 6.05 29.34 1.79 0.40 22.03 75.73
240 C 11.23 62.50 26.27 55.64 66.72 591 24.88 1.98 0.36 23.18 69.51
260 C 11.67 59.34 28.99 59.00 60.92 5.70 21.16 2.12 0.35 23.72 61.26
0 min 10.38 67.17 22.65 51.45 67.86 6.08 29.82 1.86 0.41 21.78 71.85
o Eq 60 min 11.23 62.50 26.27 55.64 66.71 591 24.88 1.98  0.36 23.18 69.51
Hyd:isﬁifilﬂtime ;i; 120mfn 12.21 58.42 29.37 61.72 65.08 5.71 17.56 243 037 25.38 66.94
240 min 13.09 56.36 30.55 63.21 63.34 5.63 14.88 2.85 0.34 2691 67.45
360 min 12.65 55.49 31.86 64.42 69.44 5.40 1420  3.01 0.32 27.87 75.14
\ B 0% 11.23 62.50 26.27 55.64 66.72 5.91 24.88 198  0.36 23.18 69.51
Catafiﬁ)jgco; ?j_ 10% 9.24 68.05 22.71 47.68 47.92 5.36 35.71 1.67 0.34 21.94 55.15
20% 10.37 65.88 23.77 48.82 45.71 522 33.68 1.59 032 22.68 53.12
2.4 AREFEFKRERLIIAKIE (FTIR) 5347 BRI . 1400~1 610 om™ Xif I 55 75 & 45 #4) 1A R AIE IR

AN KSR RS FF K SR LA St P 4
Fior. K GREFT R AM G S RRE B A 1R AR,
Vi KRR G B T RS FE IO 32 R RRAE, L IX BIAE T
SR T . 3 200~3 640 cm™ ALK R K AV I R BR
B O-H BN AERBN . Fifi 3 7K AR T v Ase B ) ) S
K, FEFFhergis. PR HERNEKME, O-H By
SR, R R KA B N ) AR K R R AR T B K R
FRIE RN, A O-H BEETS (K 4a F14b) . 2 850 A
2920 e AR AT O K A F 7K FAAE D i e T R 3 C-H
BEMGEIRE) . B KGR T RS B R g K, C-H
SRR IR, RIAREFIKIGE AR T — 2K 1 AR ),
1M 360 min i}, C—H #HE LIRI9.

1710 cm™ Ak IR ISCIGE X6 7 Bk J: C=0 S8 A 4i 4R 50,
RUDKPEEF R K TS B, B2 (F4) . 1615
A1 540 e Ab WS IACUEE Xof I8 75 5 I F) C=C SR 45 R 311,
1458 e Ab IR OIS I T FRBE R C-H 2 R R B,
1605 F1 1430 cm™ Ak R b2t R 55 3 F) C—C BB 40 0R

it HBEE KGR LT, XU g s L 18 5 (1] 4a)

AN AR R A K 455 R E R C-C
A C=C 8, AREA. W B, IR0, Tk 4 (5 i
I A] R FE K, K EELE 1 400~1 610 em™ X 75 Fr ke 45 74
I A I S 1 5t R 58 (B 4b) , FTAEH T 360 min I
IK AT T IR AR T A T R A S o

7E.950~1 165 cm™ &b H LA A £ #4 o C-O-C #E )
HAEIRENIE, 78 1048 cm™ A4 NFEERE. FE. BFh C-O
BB 4EIRS), 180~260 ‘CHl 0~240 min, C—O FEM i
SREFRAEIESE (B 4) , XRFLFgERMBEMAMERRY, W
360 min B, 7K FVEE IR 5 50 B BE TS5 o BRI AE 77 KoCO;
PGSR T KR S BRI EE (K 4 - A&
FEMERBHKRENSAERBIFRAREEE R
(K 40) o FEFFEKREIE, KIVERFEEMNEEE
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Fig. 4 Effects of different hydrothermal conditions on FTIR of microwave-assisted hydrothermal cokes from crop residue
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Fig. 5 Scanning electro- microscopy images of different microwave-assisted hydrothermal cokes from crop residues



%10 3

AR SCUREE AR IS AT XS R AT B K AR A 7 W 2L AT S5 A4 R A S i 211

2.6 AEFEFKNEMILRERMALEST

ANFIREFT K A I LR T BRI AL 0 A 3R 4 Fios o
B 5 /K AT R T R A R ) A, REAT K AR HE R

L FLARRURIFLAZR 35 S 38 I 5 9870 » 78 240 °C A1 240 min
I RLER A (£ 4) , X SEAIRERKIEFT. 5%
FEARNY S K P R R — S, TTRE R B TR K
PR RS B I TR A N, KRS SRR T RS R E B
WEGEN, AYERALLAYE R R A KBRS N, FEFT
BHLA 2l — B RAGRE RN, A B9 K ER
W2, FLERAMBAR AR, (H 230 B A Al
PUKBRAER T RERE 2, BE AR T, W RIS FESLBR
(B 5) PO Bk, #8260 CHI 360 min I, FEFFKHE
IR A . FUARI LR R AN, X 52401
P B R MR — 3 (B4R S

B AL T KoCOs AR N A5 s FF 7K 40 £2 ) BL 2% T

R4 TEFEFREEEK

L FLAERRIFLAESS N, FOR RN 10,975 9 m/g,
XTI 725 AR — 2P, FTRERE T K,CO; ik
TREF R KRR, TS EF TR, Fer4
FRARTR R, A 7K RERFLBR A, [
be R TR R FLAR ARG it

ANFEFPEAERT, I SEFF K AR A 1 b R T AR R FLAR Y
&N (R4, FLEECK, FIRER TR & — e il
RER Gy, 25 5 KRB IR T AL . MR /K s LR T
AUAT AL AR B B K, 240 C BE 4 R 107153 A
0.051 9 cm’/g, fLEEHVDN (R 4) , WHEB TR A
JRAFAE RSy e, AT B R, Bk b, REFPK
AR R MIAM X BN, FLBREG MR iR fLyE, H
AT DL I 2 SO R BRSSP AR A IR A, AR AT
AT DA I ] 26 i N KA R R A R 2 A3 T 0 4 44 A
AE B EE B

FERLRERIILES T

Table 4 Specific surface areas and pore sizes of miocrowave-assisted hydrothermal cokes of different crop residues
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Effects of different hydrothermal conditions on compositions and
structural characteristics of microwave-assisted hydrothermal
carbonization products from crop residues

Niu Wenjuan®, Huang Jinzhi', Zhong Fei?, Zhang Shilin*, Meng Lingkai', Zhu Tong®, Yuan Qiaoxia®
(1. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture, College of Engineering,

Huazhong Agricultural University, Wuhan 430070, China; 2. College of Chemistry and Materials Science,
Hubel Engineering University, Xiaogan 432000, China )

Abstract: It is important to fully understand the formation mechanism and the physicochemical characteristics evolution of the
microwave-assisted hydrothermal products from crop residues, which is also of great significance for high added value
utilization of crop residues and quality control of hydrothermal products. The control variable method was used to design the
single factor experiment. The effects of hydrothermal temperature, retention time, catalyst and crop residue types on the
compositions and structural characteristics of the microwave-assisted hydrothermal products from rice straw, corn stover, rape
stalk and cotton stalk were studied. The results showed that with the increase of hydrothermal temperature and retention time,
the pH value of the liquid products decreased first and then increased, reaching the lowest value of 3.13, while the electrical
conductivity and PO -P concentration of the liquid products increased first and then decreased, and the NH, N concentration
of the liquid products increased and reached the highest concentration of 155 mg/L at 260 C. With the increase of
hydrothermal temperature and retention time, the yields, H/C and O/C of hydrothermal cokes decreased, while the fixed carbon,
C and higher heating value (HHV) of hydrothermal cokes increased. The addition of alkaline catalyst of K,CO; decreased the
C content, HHV value, carbon conversion rate and energy conversion rate of hydrothermal cokes from crop residues, while
increased the O/C content of hydrothermal cokes. The carbon conversion rates and energy conversion rates of hydrothermal
cokes from crop residue can reach 56.65%-98.13% and 58.22%-92.19%, respectively. With the increase of hydrothermal
temperature and retention time, the fragmentation degree in the surface and interior of hydrothermal cokes of the four crop
residues were getting more seriously, and the surface and interior of hydrothermal cokes exhibited more nano carbon
microsphere structures, while the O—H bond of the hydrothermal cokes of the four crop residues increased first and then
decreased. Higher hydrothermal temperature increased the aromatic hydrocarbon structures of C=C, C—H, C—C and active
oxygen functional groups of C=0 and C-O of hydrothermal cokes, while the aromatic hydrocarbon structures and active
oxygen functional groups of hydrothermal cokes increased first and then decreased with the increase of retention time. With
the increase of hydrothermal temperature and retention time, the specific surface area, pore volume and pore diameter of
hydrothermal cokes from crop residue increased first and then decreased. The addition of alkaline catalyst of K,COj; increased
the aromatic hydrocarbon structures, active oxygen functional groups, specific surface area, pore volume and pore diameter of
hydrothermal cokes from crop residue. Comparing the four types of hydrothermal cokes from crop residues, the yields of
hydrothermal cokes from cotton stalk and rice straw were higher, and the contents of C, H, volatile matter and the higher
heating value of hydrothermal coke from rape stalk were the highest. The nano carbon microsphere structures of hydrothermal
cokes from corn stover, rice straw and rape stalk were relatively obvious. Comparing the hydrothermal cokes from the other
three types of crop residues, the specific surface area and pore volume of hydrothermal coke from cotton stalk were the largest,
while the pore diameter was the smallest.

Keywords: straw; temperature; microwave-assisted hydrothermal; hydrothermal coke; retention time; structural characteristic



