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Stability and carbon sequestration potential of hydrochar derived from Cyperus alternifolius

WANG Yuting', CHEN Guanyi'*’, LI Lei', CUI Xiaoqiang'"

(1.School of Environmental Science and Engineering, Tianjin University, Tianjin 300372, China; 2.School of Mechanical Engineering,
Tianjin University of Commerce, Tianjin 300134, China; 3.School of Science, Tibet University, Lhasa 850012, China)

Abstract: To explore the stability and carbon sequestration potential of hydrochar from wetland plants, hydrochars were prepared from
Cyperus alternifolius L.(CA) at 200, 220, 240 °C, and 260 °C. Elemental analysis, Fourier transform infrared spectroscopy (FTIR), X-ray
Diffraction(XRD ), Thermogravimetric analysis (TG ), and chemical oxidation were employed to explore the physicochemical properties and
thermal and chemical stability of hydrochar and to further evaluate the carbon sequestration potential of hydrochar at different
temperatures. The results showed that as the hydrothermal carbonization temperature increased, the yield of hydrochar decreased, the
pH value and ash content increased, the H/C and O/C ratios decreased, the labile oxygen—containing functional groups such as —OH and
—C—0O0 decreased, and the aromatization degree increased. The results of the Thermogravimetric analysis and stability coefficient (Rso)
showed that the Rso value of hydrochars prepared at different temperatures ranged from 0.47 to 0.59. The H.O, oxidation trial showed that
the hydrochar prepared at a medium—low temperature of 220 °C had the best oxidation resistance, with a stable carbon content of 54.14%
after oxidation. In addition, the analysis results of the carbon sequestration potential showed that with increased carbonization temperature, the

carbon sequestration coefficient of the hydrochar derived from CA fluctuated in the range of 30.21%~31.54%, and the CO, equivalent of
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the long—term carbon sequestration potential ranged from 2.76 Mt-a™' to 2.88 Mt+a". The study showed that the medium—low temperature

hydrochars prepared at 200 °C and 220 °C had good chemical stability and advantages in the short—term carbon sequestration effect,

whereas the high—temperature hydrochar prepared at 260 °C had the best thermal stability and long—term carbon sequestration potential,

and good prospects for carbon sequestration and emission reduction.

Keywords : Cyperus alternifolius; hydrochar; stability; carbon sequestration
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Table 1 Basic physicochemical properties of hydrochars derived from CA at different temperatures

S e % JLE 443 Component/% it Atomic ratio
Tempgﬁre/"c Yi&lf% ol PO Ashise N = Jiﬁ : H 0 H/fl%tt()/c (0+N)/C
200 5533 4.98+0.03d  5.82+¢0.24D  1.34+0.03D  50.53+0.22D  5.87+0.03a  36.44 1.39 0.54 0.56
220 4646 5.10£0.02c  7.05%0.18C  1.57+0.05C  54.80x0.51C  5.64+0.08b  30.94 1.23 0.42 0.45
240 36.82  5.20+0.05b  837+021B  2.12+0.08B  63.34x0.68B  5.35:0.04c  20.82 1.01 0.25 0.28
260 3379 5.53x0.06a  12.65+0.52A  2.33x0.07A  67.45:0.40A  5.22+0.05d 1235 093 0.14 0.17

TE AR S FRERVNG 853 5 3R AN R] R BE b R 22 53K 1% 1 5% B E KV (n=3) 0 FIF],

Note: Different capital letters and lowercase letters indicate significant differences among different temperature treatments at 1% and 5% levels,

respectively(n=3). The same below.
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Figure 1 FTIR spectra of hydrochars derived from CA at different temperatures
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Figure 3 TG and DTG curves of hydrochars derived from CA at

different temperatures
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Table 3 Carbon sequestration characteristics of hydrochars derived from CA at different temperatures
e =y Ry -
Tempﬁ?ire/oc 1% CSefCeg-hm™) Hydm(ﬁfyigﬁfmf) Carbonﬁfjlcdf]v[pa’l) (ﬁ?d/‘) (ths-;/") (I\if;{‘)
200 30.61+£0.36b 2 572.90+30.17h 3.21 1.62+0.01A 5.95+0.03A  0.76x0.01b 2.79+0.03b
220 30.21+£0.26h 2 539.22+21.75b 2.70 1.48+0.01B 5.43+0.05B 0.75+0.01b 2.76+0.02b
240 30.61+£0.20b 2 572.72+16.48b 2.14 1.36+0.01C 4.97+0.05C 0.76+0.00b 2.79+0.02b
260 31.54+0.29a 2 651.16+24.60a 1.96 1.32+0.01D 4.85+0.03D 0.79+0.01a 2.88+0.03a

TE = CS, K PI  [1Bk ZRK; O, B OSBRI AL IR IR IR RE 1 5 C O, AKFRI HRRIL R B CO2 2444k 5 €S, A2 R A F /K B4 B4 10 [

B 5 Eco. , K 3 I T 508 BE I COL 2 5

Note: CS, the carbon sequestration coefficient; CS., carbon sequestration capacity converted into hydrochar per hectare of CA ; CO,.y, equivalent CO; in

hydrochar; CSy, the long—term sequestration of hydrochar across the country ; Eco,, equivalent CO of long—term sequestered carbon in hydrochar.

AL R AN TR P R A K AR T
AlGK 1.96~3.21 Mt-a™", % HA [l A & 7] 35 1.32~1.62 Mt-
a5 ) COL IR 2 Bl 4.85~5.95 Mi-a™", Hififi /K #4
2 24 YRR 1) T T 2 R A (P<0.01) o /R AEfY
IR AT [ B B T B Ry B A FE B, 4P SR A K Ak
K 30 [ ik P i 1T 3K 0.75~0.79 Mit-a™", K 3] COL sl HE
M 2.76~2.88 Mt-a™, R KR CA260 fih K30 [
e Y R 5 v T At IR T P K AR

3 itig

3.1 AEZK IR IR E Xk Bk IR AL M R A 200
A o ) ik R 5 i L3R I 1) G B TR
FZ—. AGNIESZKA STk A I R T $fift
TR Ko T IS A 0 e FRAR A B RS2 I T A 5T v
A B K A () B B TR 32 7K S £ T B 1 R4
Wi 2 7K FA A T B 1 T, SR BRIk 1) pHL S 2
Th i, 33X -5 $ A  J R A TR i o R
TR AR K F e R M U R A 1 R LA B
B 43 1 A TR 3 AR 3G H K A 1 K
3 Er ek B ) A TR SE 1 T R T R A S B i (P<0.01, 3
1), HK I TR 53 i 5 pH S0 2 15 A 56 (=
0.999, P<0.01) , [A] i} FTIR 43 M7 7 7K #4 H 7 480
FIE AT AR 1T 0 P 5 P8, o ek 3 T o a5 (11 1)
XHS S FARBAVIA . AT R T KOk pH
TRZCRIRYE , 3X 5 DL G w0 RN 7 IRz 2045 o J5UR A #%
PR 7K FA 3 e A — 30, (R 0 5 b A 0 3 A 0 e 1)
B SRR AR A B R 22 5521, O IR R K i 1 o i A
HET AT SN, A 22 ) 4 e B S B AR
rh, DTS 7K A e 8 43 et A A A 1 e BT [
i 7K #AR R T RE AT 0 PR B R A 0 A,
B PN 56 2B W e ol R - 498 14 BiF 9 22 4 v R B
A= % A e DX £ v A R 1 - A T
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R 25 K e pH SRV R FEAE B 1 15
e R B HAT AR WG R . SR A ) 9 A\ 4
AR ) PR S AR AR ) R IR, R A K
R 1 HY/C F O/C I~ B AR i il 5 5L B T s I R A1
2 WK A R 55 B P R K T B i 45 3L B 1 7
RGO o 3 R K O A R K B b o 7 P
HAE ) A= 0 T TP ) U R A R I R A A
FAR A, T 55 PR ZE AL U224 o, 55 FTIR 23 A iy 45
R—2(E 1),
3.2 AREKBERA IR E X kR IEE RN

AR A [k 2 1) 5 1) 57 < K FR e 1 A 3
R AT (EL3) R IR 7K #4 CA200 A1 CA220 ) DTG
2k TP AT BB AP 4 R LR R FOR TR R 1 it
PO U YRS T H AL IR e 4. B AL, S
IR CA240 FT CA260 oK H B iR RRAE 06, H i
R 4 % Ut A I S 2 L CA200 i CA220 %
1o R AR B2 50 4 1 v TR /K AR HLAT B i ) 4
FasEME . LAk, 7E CA200 F1 CA220 (¥ XRD 3% & Hi
KM T 4R 1 R, (A 7E CA240 F1 CA260 %
BIFP T2 2 45 ThAS C R X 5 30 /BT 10 25 51
— 5 B A RETR I RIFESR 1, 5 200 CF il 4
B R IINZ FEFF A0 A EL L 500 CAE 4 75¢ 1 445 o
W5 01 A R o, DR e e A 2 Y
P e R R R E AR Re REXME 50 3
NEEH AR R0>0.7, AEHFE ;B :0.7>R5=0.5, H?
FERE ; C R Ro<0.5, AR E™, AR K AL
CA200 ) Reo A% T 05, )8 T C %%, W A fa & s
CA220~CA260 1) Rso [E 4 7E 0.5~0.7 X [A] N, J& T B
P, HA P EREE . KRR T, KA
I Rso (B W T8, WU 52 T B A i B2 10 7 3 X6 7K 4
RIAFRE P HAT G R AE A, X 5 IR 4B S FTIR 43
M BT A3 A 45 AR W) & . WINDEATT 25270 8 Rl 4l
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1B 54 (15 R K2 FRAT MO At o Rgot
T REE FI/NZ FEFT) Ry JEUREE 600 CHill 75 1 A ff 2 1)
Rso {H7E 0.46~0.61 Y5 Bl N , 5 A< 30 56 Fr 75 59 Rso {H AR
T, 22 B R A R I3 5 RO I 50 il 25 1 A AR
TR EPEA Y, A — s s T o

SPOKAS™ it 1) O/C J5 it 4% ) 1z M it A
YRS MR AR DFSE 8 H, 0/C<0.2 B, AW 1t
FooE Mk fe iy, H s WIRE IS | T4 ;0/C7E 0.2~0.6 Z
1] 4 A 4 e~ R HAAE 100~1 000 a 22 7] 5 111 0/C>0.6 FY
AN T 100 a0 AN o SR BRI )
O/C B I 25 1) - v TSR T B2 A1 , FTIR 437 235 SR Ao [+
2% B T A R K SO RO BRUE 1 1 U R A I A 1
25 Yk BE 8 e T e/ o Hod, CA200, CA220 Fl
CA240 1) O/C 4 0.25~0.54 , Fa 5 Ve b F rh 25 K5
CA260 1 O/C 1y 0.14  Fa e Pt . X SFIGE HrFl
Rso 53 Hr 45 21 (10 2518 — B0, 1k B3¢ 55 1 7K 45 Ak T
FE BB R K A R M . ZHENG S50 b A
WA R JECRHE 300~600 °CHil 5 i 41 5 1 O/C
024 FF 2 011, S SR —3. WEIFR,
CUT Z550F1 DAT 255148 500 °CHil £ 1 54 B i A= 4
HEY O/C A3 510 0.14 F10.17, 5 A58 HH 7E 260 CHl
2 B A FK IR 9 0/C (0.14) AT , 1% I A v
TE 260 CHil 25 (1 7K A 15 HAE 500 CHil 25 i 4= 1
DR A 2, 52 Rl 25 1 7K B e R AR e o [
T, s Ah , DLHASE KR A ) an = AT B
BRI 46 JFURHZE 500 CHil 4 B i AR 0 2% 19 O/ C
WAE0.12~0.16 Z [H] (£ 4) , GAMFH CA260 1) O/C
AR MHEE . R, 76 O/C ITEM R 2R R L, 260 Ciil
£ BT A A K A e AT LA HR R (500 °C) T il £ 1
[ A £ e HAG AR I R e Pk o

HLO: 75 25 FH B PEAR A2 9 e Ak 27 R e M 1 i
Z—, B 3T Ho0, 58 F Ak M A= 9 e AN FRUE 1Y)
i A AL PR, FEARIR IS, K B 1 2 A e
P SE B 5 T R ) T A v L (E R A R 2
PETHHAZEPEENTF AR T B, LA CA220 f Ak 2 Fa e 1 A
9, R ZEAR U (200 SCFI 220 °C) il 45 (1 7K B
HATS R A R AT AR A PR A (R 2 A 1 4 2 (I
2) HAEE IR (240 CCHI260 °C) F 4 4 & 45 Wik 3R
1L AT B S8 A B e X R e 254 , DT 25 5 1%
H0. 8 k. A4 H, -OH H 35 eI &k
FAY S5 7 8 2658 55 g T T e 9 52 o PR T A
55 22 N 105 e () AR T /K #Rom e S Ak i L0+ 5
]2 T T 05 A Wt 1 = oK #4 o o 2 X 424

R4 R MY 260 CH & KK FZFN 500 CHl &
AR EYR B 0/C
Table 4 The O/C atomic ratio of hydrochars derived at 260 °C and
pyrolytic biochars derived at 500 °C from wetland plants

Dkt B iy 0/C E =B
Feedstock Preparation technique ~ Temperature/C Reference
ekl i 500 0.13 [32]
ki i 500 0.12 [29]
P i 500 0.12 [33]
14k it 500 0.16 [34]
TI1E it 500 0.16 [31]
EE i 500 0.16 [20]
AR Hhfint 500 0.14 [30]
F A it 500 0.17 [31]
S TR Ak 260 0.16 [20]
AL KGR 260 0.14  KHf5E

(RIS [RIREF KA FE 3R 2 90 ¢ R BT HL0. SR Ak
PR ] 25 3 1) e sR IS BRAIC, S5 AR BT K B4
w R RE B PE B — B, XU EPILLIS U8 o JEURHTE
300 CHI1 600 CHill & [ ff A= W) 5 AE L0 A LS, &
BN 55.2% F1 68.1% , W 25 T B v 52 < B K
ORI A &, X F LS EY R a5 ROk
FR2EAT 56 . X FEARAIF SR Hh OG- $0 ke Ak 22 A e
PER BT 25 S AT S0, K o A Ak 2R Ao v LR
P2 18] 5T B B A AR S M, 2 B o F EORFEFF A1/ NAZ
Tili AT ASite A 40 e 1 AR P DR 2 B M E 5 v
WAFE] T A R 258
3.3 BBk HR I ERRERE

PR G T A BRI it i B 3 4 2 AR S 1 i
LBRARBE R, ASHIF ST R I CS Z B0 K A5 1l [ Ttk 7k
REEAT 7 PPAL . ZHAO SE LA W 2548 V5l (A AE
P RE A A5 12 B 5526 W 03 JEORHLE 500 CHfil 45 T #4
f# =y e, H CSAEAE 21.1%~47.1% Z 18], Ferb g 2% |
27 il S 7 R JEORHE £ 1 AR W 1) CS AEAR T AU v
1 €S(30.21%~31.54%) , F W] P FR PO BA KR
AR T e . HR A, TR N T rp A B
AR TR 24 k9 29.61 J7 hm?12!, 52 <0 B4 (14 5 Ko 7K 44 3¢
AP AT A 1.96~3.21 Mt( 3 3) , 5 & Bk 5T #4f# A4
W (R 7 AR 2427 X6 H e 3 HR K B Y [ RR AR AT
R 52 A B K PR CA200 PR H: 77 58 1 1 A et 401 [
WRACR FBA B E DR miRAKH R CA260 R H 4
e P R R T EL A A ok m UL A R B R R T, S R
T A I A R K AR o AR A DGR A BT A R AR
WF5E o S B K B (1 €S, 5 H: E &5 5 Reo {22 1]
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Y0 8 2 AR DG | R B B e (K U [ e v e 5 oAk
AR E ME AR E Mk Z W) I O] s A OE O R
X O TR K O B2 E P vh IR R 5 TE AR W)
J ] £ K B R R B T 2R A [EAR R B2 238 T AE TRA
I [ e VS R I 6 200K 2 TR AE N o 4 [ 4 B
B K A K 0 1 sk T BB B = Rk 0.75~0.79 M, Af
HEIH 2 1.3% 19 2019 4F CO, 4= [F4FE 3 K HE i, 6 1
AR R B BT RE T4y B K. BEAh, TR A
FERG AR R K B i e R v T BV AR R T, 3 BB VR T
FERY COHEL , (HK #Bl A 3l A v o a] 7 26 A= i
B UREERR IR R R R TS A SO I AR
{Jys ZE i — AR

4 it

(1) 7K B Ak 38 X F 7K $A e i AR Jo EL A
AT . BK SR TRE 1 T i, P R KA
BT HIC N O/C REAR, T B o3 8 J pH 82514
AH BRI S A AR EE RN

(2) 7K T3 B AR R PR Rk R s 2 o 45 T
S P AN [] , JH v SRR e AR R 19 RS M Btk
P Ak I B T R T BG 5 | T AE 200 °CA1220 CTF il 5%
() FP AR K $ i HA B b 2 R 1k o

(3) ANTRIHLEE il 2 o ZK FAR 1) [ B R AL AT T 25 5%
£ 200 °CT il £ (A I T2 < B K B 7 i 0 [ AR
EHAMH AE 260 °C T £ 5 R K R HAT
AR I ) T B v B, 7 T B TTEL A R4 7 1
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