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1.3 E¥aHhEE

(B A Tl M AR AR e GB/T 28731-2012
[ ek R ROIKAr & 8. FES I CHN &2 oo
FE P (Vario Micro cube, Elementar, fH[E) i,
i F HLBRE A 55 S TR R BB 14 (ICP-OES, Prodigy

Plus, Leeman Labs, JE[E) JIiAFE M+ Na. K. Mg, Ca.
Al. Fe. P&uEm &, MNFEHE 0.1~10 mg/kg. Wl
T2 I [ A i A P e T AR (MARS6, PYNN, E[ED
AT R AL PR . i FHASAHERE(C (GC, A91, Panna,
D MR AAESH COy Hyv Osv Npw CHyw CO Ml CH,,
AR, % kAR H B Sk W 2§ ( Thermal
conductivity detector, TCD) A& K I & T ALK I 2%
(Flame ionization detector, FID) XUGEIEA I #E, <S4k~
ESTRURLS NN W& AN Ak /% ECE | L i
FE R O BB AR SOk R A G EE R, SR A A
T REC AL (GC-MS, Agilent, 7890A/5975C) i
fER AL, AVEEDS 30~500 (m/z) , 45 A H]
NIST2011 #rfk i FEHEAT 4347

2 RBWLERSTHE
2.1 BRERRA X RRE AR R

VP JRRE B BRUE TR PRI T 4T . TR M. AV
K EFRS SRR 1 PR BRI IFHEF 67.4%0K 5
RERR, B EmEE, HESBMNEFER
8.71%3 & 20.38%; (HAER 77l & 7 FAIE N 1 2.73%.
T RS BT KA b R [ T BRI R
QB — R R . SO AT TR S SCER[15)
—3, e RS BEIA 47.8%, EROERTERR AL FE
I AT AR NG, AR WE Je # K 43 & AR /NI SS A
WK JEREm T Cy Hy N S EHA — e, S&
EHERERRR T 23%. ZEPH N 22 UR A ER
TEAE, RIULERGRT A0 & BRI MY S
FEUEIRR . EERSEA NG ULEOKIE TR R 2R
PR RAEAEN T R Ty B K T M B R
Uk S A ERERE. thAh, FHEEAK AR
{HEARAA 15.41 kI/kg, BRUEMLK G #AE S % 19.40 kI/kg,
ERBEEAMFRE (17.6~20.8 kl/kg) FEAK 4,

F 1 FEMERTIE R R AR
Tablel Fuel properties of the char samples from the pyrolysis of raw and acid-washed duckweed
e R Tk #7 Proximate analysis/%™® JEE T Ultimate analysis/ % Y
Sampl Temperature R H/C O/C Heating

ample C Koy Ash RSy Volatile [l € Bk Fixed carbon  C H N o value/(MJkg™)

Al — 2138 69.91 8.71 2138 3636 538 534 31.06 15.41

Raw duckweed
RRiETT I — 6.98 72.64 20.38 6.98 4470 6.39 6.63 34.93 19.40
Acid-washed duckweed : ’ ’ ’ ’ : ’ ’ :

400 36.68 29.60 33.71 40.10 3.21 5.12 14.89 0.08 0.36 16.05

500 41.32 16.64 42.03 3636 3.13 436 14.83 0.08 0.32 14.75

VTR IR 600 46.58 14.88 38.54 36.02 1.73 3.83 11.84 0.05 0.31 13.63

Raw duckweed char 700 50.73 9.16 40.12 3756 1.75 3.68 628 0.5 0.14 14.32

800 62.60 8.00 32.81 3501 144 289 3.82 0.04 0.08 13.25

900 63.16 4.59 28.84 33.17 1.31 215 1.69 0.04 0.02 12.58

400 11.85 27.16 60.99 60.47 4.39 8.71 14.58 0.07 0.24 23.69

500 15.86 20.59 63.55 60.26 3.02 8.08 12.77 0.05 0.21 22.55

X [LSURRRE S 600 24.00 18.18 57.82 61.10 2.47 7.61 483 0.04 0.08 22.50

Acid-washed duckweed

char 700 25.52 14.96 59.52 6142 1.82 6.87 437 0.03 0.07 22.05

800 27.04 8.85 64.11 6229 1.51 580 336 0.02 0.05 22.09

900 27.34 5.77 66.89 6441 135 572 1.18 0.02 0.02 22.66

e db AFHREE, O IZEWILITHGE.

Note: db represents dried base, Oxygen was calculated by difference.
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J& K. Ca. Na. Mg & JLTPREE 0, BiFRZIAF] 98.22%~
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73.49%. AW AAEMs K 2 BN K E PRI i 1
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Kl 3 S 400~900 °C T VT RN PG 7 H e S ] =
BrERa R, W6 E ARSI E =B ICR T
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900 “C i P A B4 = 2N 30.64%~44.50% . FH LT R
FERRYE 5 [ 77 2 4E 400~900 “C N A AN [FIFEE 1 P,
I HAE 500~700 °C I [F] 447 22 B I B oM i 3 -

PF AR P2 AR 400 ~ 500 °C I A IR 18 in M
37.50%4 N2 43.41%, 4k STt R LA ™ 2T IR A,
1E 900 CI =AY N 27.86%. FRVEIFPELE 400 C IR 1A
FEEA 39.13%, FHECRFEARSBIG M. 5EFEARR, iR
FEFHZE 500 CHP AR~ 28N A 48.62%18 BWE(E, {H4k
ST il AR BB AR, AN RS . Ak
TR A, IR N R eV ANV DR R T A
RIS T, —FH Z{E M 400 CHIE 1.63%38 4
900 CHIF] 16.13%. B PEVF- B TR I 1) 7= 2R AR 8N
YO N R FIEME, X FE B TR KR T Y
JREREG B ) AAEMSs, i AAEMs (IFEE(E3E T F5 Al
SARMIA R, R BEAS T g e A . X —iRIR g R
ST HARE 7T 45 AR A,

PSR RAE 400~900°C I FEA S nash, M
13.22%3 1% 40.88%, 800~900 C A7 B A A4 H
A . FRUEIFFEAE 400~ 600°C I 447 Rl iR
T TR O B LR AR — e R IR 1
700~900 C SR~ 22.99%~23.31%, SIS 4457
REGEE LT LB, HE5FEEREERRA.
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Fig.3 Yields of solid, liquid and gaseous products from pyrolysis of raw and acid-washed duckweed under different temperatures
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Bl 4 NAFRREE T A= SR o] LR

TERT &, FREFIRRLE RS+ Hyw CO. CHy
CoH,, FIF= 2575 KMERE N, (5 CO, F= R A BB N Bt

£ 400~600 C T FZRESH 572 CO,, {H CO, 1Y
PR IR AR R T P BRVEIENE CO, P= R BER
FEAR AL R B 5 A AR [E],  (HAH B R AR PR AR 89.11% ~
118.69%. VFHf CO /=2 pEIRAE I k%, 400~
900 ‘CCO F=F M 0.57 FFE % 7.64 mmol/g. FRIETFHE CO 7~
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VI CO P2 A ELVF RN T 54.60%~125.34% .« 157K
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A ZRERRBL YR E HER A RS B R R
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H S ERR AR TR
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Fig.4 Main gas yields from pyrolysis of raw and acid-washed
duckweed under different temperatures
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Guangzhou Institute of Energy, Chinese Academy of Sciences, Guangzhou 510000, China; 4.Chengdu Institute of Biology, Chinese
Academy of Sciences, Chengdu 610000, China)

Abstract: The utilization of duckweed in wastewater treatment has gained ever-increasing attention in recent years.
Meanwhile, the harvested duckweed can offer the potential to use for energy production. As a promising thermochemical
conversion technology, the pyrolysis can convert the solid fuel to bio-char, bio-oil and combustible gas products with high
efficiency. However, the duckweed generally has a high ash content, such as alkali, alkali earth metals, and minerals, due to
the special cultivation environment and harvesting. This has posed a great challenge for the thermochemical conversion and
the quality of pyrolysis products. Therefore pretreatment, such as acid washing, is necessary to reduce the content of these
minerals in the conversion process. In this work, a pyrolysis experiment was performed on the duckweed, which was normally
used to mitigate the water pollutions in Erhai Lake, Yunnan Province, China. Acid-washing was firstly conducted for the
duckweed to remove the inorganic species in the fuel. Then, the pyrolysis experiments of the raw and acid-washed duckweed
were carried out in a fixed bed reactor at 400-900 °C, with an interval of 100 °C, to investigate the effect of acid-washing on
the yield and composition of solid, liquid and gaseous products. The results showed that the acid treatment can effectively
remove most of the alkali, alkaline earth metals, and the majority of phosphorus in the biomass. Meanwhile, the fixed carbon
and C content were greatly improved. The heating value increased substantially to 19.4 kJ/kg, which was close comparatively
to the woody biomasses with a heating value of 17.6-20.8 kJ/kg. The results of pyrolysis experiments showed that the solid
products decreased but the gas products increased with the increase of temperature in both raw and acid-washed fuel.
Conversely, the liquid products increased firstly to the maximum at 500 “C and decreased with the increase of temperature.
After treatment, the solid and gas products decreased by 1.43%-8.02%, and 2.81%-19.89%, respectively, with the increase of
liquid products by 1.63%-16.72%. In acid-washed duckweed, the solid, liquid and gas products changed slightly, when the
pyrolysis temperature was higher than 600 °C. In addition, there were more significant differences of liquid and solid products
between the raw and acid-washed duckweed at 700-900°C. In the gas products, the acid treatment relatively reduced the
release of CO, CO,, CH,, and H,. However, the reduction of CO, was much higher than that of the other gases, and thereby the
heating value of gas products increased by 5%-155%, compared with that from the raw duckweed. In the solid products, both
the fixed carbon and C content of the char samples from the acid-washed duckweed increased significantly with the decrease
of ash and O content, compared with that from the raw duckweed. The composition of bio-oil changed slightly after acid
treatment. Specifically, there was a slight change trend of N-containing species, aliphatic hydrocarbon, and aromatic
hydrocarbon after acid treatment. However, the content of phenols, furans and carbonyl compounds in bio-oil decreased with
the significant increase of alcohols and ether at 400-600 ‘C. The acid treatment can greatly improve the quality of gas and
solid products, where the content of combustible compounds increased for the high heating value. In the liquid products, both
the raw and acid-washed duckweed showed potential utilization in producing N-containing species and aromatic hydrocarbon
at low and high temperatures.

Keywords: pyrolysis; char; bio-oil; duckweed; acid washing
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