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Properties of Hydrochars from Different Sources of Biomass Feedstock
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Abstract ; Hydrothermal carbonization is a thermochemical process converting biomass into a coal -like material called hydrochar under
biomass/water suspension conditions. Three hydrochars were prepared by hydrothermal carbonization (HTC) from three different feedstock
sources of sawdust(SD ), wheat straw(WS) and corn stalk (CS). Their characteristics including outputs, elemental contents, surface proper—
ties, PAHs concentrations and surface functional groups were investigated. Results showed that hydrochar from SD (H-SD ) had the highest
outputs(54.66% ), and C content(52.59% ), while O content was the lowest(41.56% ). The SEM results showed that H-SD had smooth sur—
face and neatly—arranged porous structure, whereas WS hydrochar(H-WS) was platy particles with rough surface while CS hydrochar (H-
CS) did not have obvious pore structure. Hydrothermal carbonization did not change the types of functional groups but increased the con -
tents of organic functional groups while decreased mineral components (such as Si0,) in H-WS. However, both organic functional groups
and mineral components significantly increased in H-SD. The PAHs concentrations of hydrochars were in order: H-WS>H-SD>H-CS, with
phenanthrene and naphthalene being major components.
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Table 1 Properties of hydrochars from different sources of feedstock
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Figure 1 SEM images of three feedstock materials and their hydrochars
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Figure 2 FTIR spectrum of sawdust, wheat straw and corn stalk and their hydrochars(a:feedstock ,b : hydrochars )
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Table 2 Concentrations of PAHs in hydrochars as identified by Gas Chromatography—Mass Spectrometry (ng-g™)

&2 IR BN RERTHE Y ¢ H-WS IRIRFRAEFFLE Y 5 H-CS TKIATE A=) i< H-SD

Z% Nap 693.72£17.78 361.56+39.35 795.18+63.98
T Acy 33.7242.43 32.68+2.81 31.03+4.88
S Ace 75.50+5.97 55.08+4.76 86.83x14.53

% Flo 225.96+18.32 130.44:26.90 333.67+72.86

4 Phe 1 118.65+77.41 665.46+96.19 713.95+28.82

B Ant 56.80+4.71 51.55+6.95 55.60+13.07

P Flu 472.4922.62 288.15+31.86 171.83+9.48

I Pyr 345.25:11.64 227.289.15 112.3122.82
HFH[a]T Bad 43.814.54 33.11x4.33 30.20+8.34
jifi Chr 75.85+11.04 52.48+6.64 38.24x3.27
HFEBIJER BbF 78.70+13.46 56.215.17 40.44+5.76
Ik BKF 3.710.17 11.63+1.05 8.27+0.53
HFf[a]tt BaP 30.73+4.94 15.99+1.23 11.78+3.78
HiJf(1,2,3-cd[E InP 15.97+2.69 16.03+3.33 9.31+1.38
—2Hf{a, h]E DBA 5.92+1.78 1.80+0.50 2.39+0.89
HFHE[g, h, it BeP 15.791.37 16.45+2.33 8.92:+1.42

. PAHs 3292.57+123.21

2 015.91£160.37 2 449.96+93.75

FIRG B AL W) 5 (0.07 pg-g™ 1 0.12 pg-g™) & 1
T TR — 0 FE P, B ARG T ST A 2 A T e 2 v A ik
FE(29 pg- )P,

S =y % PAHSs A5 AR f W B -2 (H
— H kA L s TR Y ot S A AP, Hockaday
S I e A )RR PAHS 3 5+ AL S Bk K
R0 L, B B ) HERS Qo o 3 Ak KUk
B IR W R A 2 A A 0 e X PAHS 118 W [ BB 38
AT

3 £

(D RAATE A sk i 25 1 7K 30 A ) o 7= 2R e
(54.66% ) ; TCE LA AT B/, K AR T A 40 o Hh ik
JCER 1L (52.59% ) 3K P N RN EARFEFHE D e (43
Ik 43.73% 1 43.93% ) &  (HE G ER 1 (41.56% )
B B AK T /KA INE R KRS T AR (53931 R149.94%
H150.95% ), Jii+ Lt O/C Ak (0.59), FHH AR JE 40K
PR AT FEA ML e & EEARXT 5, & AU B REAAH
XA

(2)FHi L Bl 3 W K AR 8 A= W e 3 T G
HZFUREEM, KRN ek mi MRs FLBR A D,
KPR A R LBRZE R AR B o X R KR
AR ST A A W B 551

(3) 2L AN BT R B, Sk 22 K $ ok Ak 311
JE A2 B BRI RN AR AR B R EARXS & i R A T AR

A REFFRAED RZK A BAL 5 AL RE A 35 A
S, WICHLE 4 (4N Si0,) & &g A /b s A 28K
PIRALE A PUE BEMTRIICHLA Py A4 &5 2 204

(4)FIHT GC-MS M E KA W 5 PAHSs 51, 45
SRR =K BAEY) B b B 238557 )8 S U K
I INFE R A 49 ¢ > 7K A A ) 9> K AR KA T
AWy, FeR R AT R PR A W e v LR R 32 T 7 4

S 3

[1] 8T8, WA, FIEFR, 5. T EFRSFF sl oA 5. Al TR
%, 2009, 25(12):211-217.

BI Yu—yun, GAO Chun-yu, WANG Ya-—jing, et al. Estimation of straw
resources in China[J]. Transactions of the CSAE, 2009, 25(12):211-
217.

(2] fay Wk . ) FHACKR I S 0006 7 A= it R A= 95 3¢ [D]. ATH - 3 Tl
K2#,2012:1-4.

HE Yong-tao. Co—production of activated carbon and bio—oil from agri—
cultural and forestry residues[D]. Hangzhou : Zhejiang University of
Technology, 2012 1-4.

[3] Mumme J, Eckervogt L, Pielert ], et al. Hydrothermal carbonization of
anaerobically digested maize silage[J]. Bioresource Technology, 2011,
102(19):9255-9260.

[4] Acharjee T C, Coronella C J, Vasquez V R. Effect of thermal pretreat—
ment on equilibrium moisture content of lignocellulosic biomass[J].
Bioresource Technology, 2011, 102(7 ) : 4849-4854.

[5] Kobayashi N, Okada N, Hirakawa A, et al. Characteristics of solid

residues obtained from hot — compressed —water treatment of woody



Ao 4 R PR SRR S SR RO B 2265

biomass[J]. Industrial & Engineering Chemusiry Research, 2008, 48
(1):373-379.

[6] Yan W, Acharjee T C, Coronella C ], et al. Thermal pretreatment of lig—
nocellulosic biomass[J]. Environmental Progress & Sustainable Energy,
2009, 28(3):435-440.

[7] Libra J A. Ro K S, Kammann C, et al. Hydrothermal carbonization of
biomass residuals: A comparative review of the chemistry, processes and
applications of wet and dry pyrolysis[J]. Biofuels, 2011, 2(1):71-106.

[8] Oliveira I, Blshse D, Ramke H G. Hydrothermal carbonization of agri—
cultural residues|]]. Bioresource Technology, 2013, 142:138-146.

(9] B, w2erh, &5 M, 45 TR RY /KA AL DFSE)]. PR TR 4R,
2013,7(5):1963-1968.

HUANG Yu-ying, YUAN Xing—-zhong, LI Hui, et al. Study on
hydrothermal carbonization of rice straw[J]. Chinese Journal of Envi—
ronmental Engineering, 2013, 7(5):1963-1968.

[10] Xiao L P, Shi Z J, Xu F, et al. Hydrothermal carbonization of lignocel—

lulosic biomass[]]. Bioresource Technology, 2012, 118:619-623.

[11] Regmi P, Garcia Moscoso J L, Kumar S, et al. Removal of copper and
cadmium from aqueous solution using switchgrass biochar produced via
hydrothermal carbonization process|J]. Journal of Environmenial Man—
agement, 2012, 109.61-69.

[12] Toufiq Reza M, Yan W, Helal Uddin M, et al. Reaction kinetics of hy—
drothermal carbonization of loblolly pine[]]. Bioresource Technology,
2013, 139:161-169.

[13] Parshetti G K, Kent Hoekman S, Balasubramanian R. Chemical, struc—
tural and combustion characteristics of carbonaceous products obtained
by hydrothermal carbonization of palm empty fruit bunches|J]. Biore—
source Technology, 2013, 135:683—-689.

[14] Titirici M M, Thomas A, Antonietti M. Back in the black : Hydrothermal
carbonization of plant material as an efficient chemical process to treat
the CO, problem?[J]. New Journal of Chemistry, 2007, 31(6).:787—
789.

[15] Hoekman S K, Broch A, Robbins C. Hydrothermal carbonization(HTC )
of lignocellulosic biomass[J]. Energy & Fuels, 2011, 25(4):1802—
1810.

[16] Du Z, Hu B, Shi A, et al. Cultivation of a microalga Chlorella vulgaris
using recycled aqueous phase nutrients from hydrothermal carboniza—
tion process|J]. Bioresource Technology, 2012, 126:354-357.

[17] Kumar S, Loganathan V A, Gupta R B, et al. An assessment of U( VI )
removal from groundwater using biochar produced from hydrothermal
carbonization[]]. Journal of Environmental Management, 2011, 92(10)
2504-2512.

[18] Rillig M C, Wagner M, Salem M, et al. Material derived from hy—
drothermal carbonization; Effects on plant growth and arbuscular myc—
orrhiza[J]. Applied Soil Ecology, 2010, 45(3):238-242.

[19] Inagaki M, Park K C, Endo M. Carbonization under pressure[J]. New
Carbon Materials, 2010, 25(6) : 409-420.

[20] Cui X, Antonietti M, Yu S H. Structural effects of iron oxide nanoparti—
cles and iron ions on the hydrothermal carbonization of starch and rice
carbohydrates[J]. Small, 2006, 2(6) : 756-759.

[21] Sun K, Ro K, Guo M, et al. Sorption of bisphenol A, 17a—ethinyl estra—
diol and phenanthrene on thermally and hydrothermally produced
biochars[J]. Bioresource Technology, 2011, 102(10):5757-5763.

(22] BRPFHH, BRS22E, JAHY. AKREREFEAE 1 ¢ (0 S5 A8 R AE B X A AL
VY PIR HERELT]. BREERLA 240, 2013, 33(1):9-19.

CHEN Zai—-ming, CHEN Bao-liang, ZHOU Dan-dan. Composition and
sorption properties of rice—straw derived biochars[J]. Acta Scientiae
Circumstantiae, 2013, 33(1):9-19.

231 WA, 7 3, 4 58, S5 KRR FF A My 3 43 J Ph™ (14 % bt
YERIEGE K 2R ). PRS2, 2012, 32(4) : 769-776.

CHEN Zai-ming, FANG Yuan, XU Yi-liang, et al. Adsorption of Ph**
by rice straw derived—biochar and its influential factors[J]. A cta Scien—
tiae Circumstantiae, 2012, 32(4):769-776.

[24] Keiluweit M, Kleber M, Sparrow M A, et al. Solvent—extractable poly—
cyclic aromatic hydrocarbons in biochar: Influence of pyrolysis temper—
ature and feedstock[]]. Environmental Science & Technology, 2012, 46
(17):9333-9341.

[25] Levine R B, Pinnarat T, Savage P E. Biodiesel production from wet al-
gal biomass through in situ lipid hydrolysis and supercritical transester—
ification[J]. Energy & Fuels, 2010, 24(9):5235-5243.

613K T, 245 XUm AR, 5. FAMRIELE I )X =R R A= 4

e pH A BB A B BE LT, 2 252 7, 2013, 32(9),2347
2353.
ZHANG Qian—feng, MENG Jun, LIU Ju—dong, et al. Effects of pyrolysis
temperature and duration time on pH, carbon and nitrogen contents of
biochars produced from three crop residues|J]. Chinese Journal of Ecol—
ogy, 2013, 32(9):2347-2353.

[27] Chen B, Johnson E ], Chefetz B, et al. Sorption of polar and nonpolar
aromatic organic contaminants by plant cuticular materials : Role of po—
larity and accessibility[J]]. Environmenial Science & Technology, 2005,
39(16):6138-6146.

[28] Chen B L, Zhou D D, Zhu L Z, et al. Sorption characteristics and mech—
anisms of organic contaminant to carbonaceous biosorbents in aqueous
solution|J]. Science in China Series B:Chemistry, 2008, 51(5):464—
472.

[29] Yang H, Xu R, Xue X, et al. Hybrid surfactant—templated mesoporous
silica formed in ethanol and its application for heavy metal removal|]].
Journal of Hazardous Materials, 2008, 152(2) : 690-698.

[30] Fernandes M B, Brooks P. Characterization of carbonaceous combus—
tion residues: Il . Nonpolar organic compounds[J]. Chemosphere, 2003,
53(5):447-458.

[31] Chen B, Yuan M. Enhanced sorption of polycyclic aromatic hydrocar—
bons by soil amended with biochar[J]. Journal of Soils and Sediments,
2011, 11(1):62-71.

(21 4] i, FLKR, B oF, S5 FEFF AWy BRI AR ] A B 7k

ZIIFIERIAE BRVERE(T]. BREERL, 2011, 32(1):135-139.
HE Jiao, KONG Huo-liang, HAN Jin, et al. Preparation method of stalk
environmental biomaterial and its sorption ability for polycyclic aro—
matic hydrocarbons in water[J]. Environmental Science, 2011, 32(1):
135-139.

[33] Zimmerman A R. Abiotic and microbial oxidation of laboratory —pro—
duced black carbon(biochar)[J]. Environmental Science & Technology,
2010, 44(4):1295-1301.

[34] Hockaday W C, Grannas A M, Kim S, et al. The transformation and mo—
bility of charcoal in a fire—impacted watershed[]]. Geochimica et Cos—

mochimica Acta, 2007, 71(14) :3432-3445.



