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Abstract : The fly ash produced from biomass power generation boilers is generally used as building materials and auxiliary materials for
fertilizer production. However, the hazardous components in fly ash can reduce the stability of building materials and cause the enrichment
of heavy metals in farmland. Therefore ,the pretreatment of fly ash raw materials and the improvement of suitability are the key issues. In
this study, fly ash from biomass power plant was used as raw material to obtain fine ash with particle size <0.2 mm by sieving. Fine ash and

deionized water were prepared into slurry,which was treated by ultrasonic—assisted leaching and filtration. The effects of sonication time,
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slurry temperature , solid—liquid mass ratio on the leaching of macroscopic metal elements K,Na,Zn, Ca,and four trace heavy metal ele-
ments Co,Cr,Ni,Pb were investigated. The appropriate operating parameters were explored. The results show that the fine ash used in the
experiment is rich in Ca0O,Si0, and K,O. For macroscopic metal elements, the leaching concentration and leaching amount of metal ele-
ments increase and tend to be constant with the time prolonging within 1-30 minutes of sonication. While Ca®* increases first and then de-
creases slowly due to carbonation reaction. In the range of slurry temperature from 25 °C to 70 °C ,Ca®* generation and carbonation are sig-
nificantly affected by temperature. With the increase of slurry temperature, the leaching mass concentration of Ca®* increases firstly and
then decreases, but the leaching mass concentration and leaching amount of other metal elements increase. In the range of solid/lig-
uid mass ratio 1 : 3 to 1 : 6,the leaching concentration of metal elements decreases and the leaching rate of metal elements increases with
the decrease of solid/liquid mass ratio. When sonication time is 20 min, the slurry temperature is 50 °C ,and the mass ratio of solid to lig-
uid is 1 : 5,the leaching rate of potassium reaches 47.22%. Sonication time, slurry temperature and solid—liquid mass ratio have certain
effects on the leaching process of trace heavy metals. The leaching rate and amount of heavy metals remain at a very low level within the
parameters explored in the experiment. In the typical operating parameters : the leaching rates of cobalt ( Co) ,chromium ( Cr) ,nickel (Ni)
and lead (Pb) are lower than 0.10% ,0.30% ,0.05% and 0.10% for 30 min of sonication time,25 “C of slurry temperature,and 1 : 5 sol-
id—liquid mass ratio. Considering the implementation and operation cost of the technical system comprehensively, the suitable sonication
time is 15—20 minutes, the slurry temperature is 40-50 °C ,and the mass ratio of solid to liquid is 1 : 3—1 : 5. By comparing the key alka-
li metal elements,sulfur and chlorine elements in the leaching solution treated by ultrasonic —assisted leaching and the residue, a large
number of macro—soluble elements migrate into the filtrate,and the content of trace heavy metals is very low. It is of practical significance

for the leaching solution to be used as fertilizer and soil regulator. Due to the leaching of soluble alkali metal salt and chloride, the content

in the residue is reduced significantly ,which is favorable for its use as the raw material of industrial building materials.

Key words : biomass fly ash;ultrasonic;alkali metal element;heavy metal element;ultrasonic—assisted leaching
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Table 1 Proximate analysis and mass proportion of biomass fine ash with different particle sizes
Tolksr /%
FifE/ mm FUR 5388/ %
Ma:l Aad Va:l FCa:l
JEkE 0.86 87.37 8.51 3.26 100
=0.3 5.97 27.17 7.78 59.08 2.73
0.2~<0.3 1.97 74.61 6.44 16.98 2.61
0.125~<0.2 0.65 91.48 4.23 3.64 10.51
0.075~<0.125 0.44 93.33 5.69 0 20.78
0.045 ~<0.075 0.50 90.32 8.61 0 46.52
<0.045 0.57 88.42 8.75 2.26 16.85
IS K <0.2 0.55 89.31 8.49 1.56 94.66
B HLK =0.2 3.18 54.27 7.22 35.33 5.34
x2 HEYIRGESEHREIB S
Table 2 Composition analysis of fine ash sieved from biomass fly ash
KA Na, O MgO  AlO, Sio, P,0;  Fe,0, K,0 Ca0 S cl Zn0 oAl
[t 3 K % 0.20 1.72 2.06 11.64 0.71 4.28 4.45 64.91 4.74 2.44 0.51 2.34
xR3 EUMRFESEHARE TR
Table 3 Ultimate content of fine ash sieved from biomass fly ash
KIGE Ca K Fe Mg Na p Zn Pb Cr Ni Co
RN (mg - kg™') 194691 40241 29382 14802 10567 5507 3442 274 76 31 17
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Fig.1  Concentrations of K,Na,Zn and Ca elements in filtrate under different ultrasonic—assisted leaching times
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Fig.2  Concentrations of K,Na,Zn and Ca elements in filtrate under different slurry temperatures
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Fig.3 Concentration and leaching ratio of K,Na,Zn,Ca elements in filtrate under different liquid—solid mass ratios
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Table 4 Concentration of trace heavy metal elements in
filtrate from the fine ash leaching under different

treatment times

Fpaingnig BB (ng - L71)
min Co Cr Ni Pb
1 0.3 12.6 0.7 30.1
2 0.5 12.9 1.0 33.1
3 0.9 15.5 1.1 35.2
4 1.1 18.3 1.1 36.9
5 1.2 20.1 1.3 37.1
10 1.7 26.9 1.6 43.6
15 2.1 31.8 1.8 48.7
20 2.6 34.2 1.9 52.0
25 2.8 35.6 1.9 53.9
30 2.9 36.3 2.0 54.0
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Table 5 Concentration of trace heavy metal elements
in filtrate from the fine ash leaching under different

slurry temperatures

W IR R/ RHRERE (pg - L)
i Co Cr Ni Pb
25 0.5 12.9 1.0 33.1
40 1.1 16.3 1.5 35.2
50 1.6 18.7 1.9 38.9
60 1.9 20.6 2.0 41.7
70 2.1 21.5 2.0 43.8
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Table 6 Concentration and leaching ratio of trace heavy metal elements in filtrate under different solid—liquid mass ratios

. BT (pg - L7 2HE/ %
[i1 8 o £t
Co Cr Ni Pb Co Cr Ni Pb
1:3 0.7 18.7 1.4 45.5 0.012 3 0.073 8 0.013 5 0.049 7
1:4 0.6 15.2 1.2 36.9 0.014 0 0.080 0 0.015 5 0.053 8
1:5 0.5 12.9 1.0 33.1 0.014 6 0.084 8 0.016 1 0.060 3
1:6 0.4 11.6 0.8 29.0 0.015 1 0.091 5 0.016 3 0.063 4
1:7 0.4 10.5 0.8 26.1 0.016 4 0.096 7 0.016 9 0.066 5
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Table 7 Content ratio of K,Na,Zn,Ca,S and Cl in the

residual and the filtrate from ultrasonic—assisted

leaching of fine ash %
(=T K Na Ca Zn S Cl
Bk ity 52.78 89.04 96.64 99.39 70.04 6.97

MW 47.22 1096 3.36 0.61 29.96 93.03
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SR FR I E R, 0 Ca®™ i T & A= iR A S 1 i
FERRIG NS/ FIREE 25~70 °C = 1
AN Ca™ FMR IR ER Ak 37 T B8 52 i UL I8 3% | B 2 T
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TEE T, Ca™ ¥R T a vk B S 3G KA /), oAt 4
J& TR R N v B SR i A R IR BT L
1:3~1 60, BB 5 s/, &R TR R
W R B AR, 1 7 RS TE T eR R IR
R RIG, EAEBE] 20 min G IBIRE 50 °C | [H
WL 12 5 B, K JRIZ HRIEF] 47.22%

20) R S T) % ek R T o L i)
BEERITEWNR SR, FLSEERN, ELmR
R ARG, MR ERAE S B . 8 75 i ]
30 min WL 25 °C W 1 5,C0,Cr Ni
FPb MO Fh 4 )@ oo 2R 2 1R HHK T 0.10%
0.30% .0.05%#11 0.10% .,

3) LR85 RS RN AT LA, 3 LAY IS [R]
K15 ~20 min JEBIERE R 40~ 50 °C | [V o
1:3~1:5, XFEC# = A0 BEAYGIR IR 5% 7 Hh oG
B TR BAEOTER , KIA R TR K
TR N, B 4R R R R
BHAERCRA 8 0 Ik T el i i
A KR A S R I s A R T
W LA Tl b JORE R Ik 6 75 5 4l B K e
Bl T3 B ATk o 2 RN EUR B ek, S R B A
IRERA R R AR 75 s A K BE R AR N R LS

2 % 3Lk ( References) :

(1] FEeuk, i, /A 55 — Rk T A4 Wy Bk e ROR O 4.4



G S A S 7/ DD G VR U R

2022 4E%F 6 1)

[4]

(8]

[10]

[11]

[12]

[13]

F 5871 CN111960438A[ P ].2020—11-20.
EE AEYBH)ER YRR E LR SRS D).
M AR, 2020.
T IR AW BRI A pE 1 F N AR IR R 5T [ T ) 61
F4,2010,24(4) :66-68,81.
JIANG Zhengwu. Study on combustion process of biomass fuels
and charicteristics of their ashes[ J]. Materials Reports,2010,24
(4) :66-68,81.
A5 BRI TR ARMRAE B BT B R HL TR B IR A R A3
PSR, folk PR S 5, 2019,36 (2) :127-139.
SHI Yan, XUE Cong, QIU Yuping. Analysis and prospect of re-
source utilization of ash and slag from agroforestry biomass —fired
power plants in China[ J]. Journal of Agricultural Resources and
Environment,2019,36 (2) :127-139.
AHMARUZZAMAN M. A review on the utilization of fly ash[]J].
Progress in Energy & Combustion Science, 2010,36 (3):327-
363.
A EIRT BEIEAT , 5 0 A % 4 Jm AR v R
REPERTFE D] AR R, 2020,26(1) :77-82.
TONG Sheng, WANG Zhizhou, KANG Yaqian, et al. Studies on
high temperature corrosion characteristics of alkali metal chloride
to metal materials [ J ]. Clean Coal Technology, 2020, 26 (1)
77-82.
CLRFEI S, sk b, ok e, A5 AR W B R U AR 0T KCl
SRR BRI E 7] T EROR ,2021,27(3) :204-210.
BATE Delige, ZHANG Jiaye, WANG Yongbing, et al. Study on
the corrosion characteristics of KCL molten salt in biomass oxygen—
enriched combustion mode [ J].Clean Coal Technology, 2021, 27
(3):204-210.
WU Q L,YU H F. Rebar corrosion rate estimation of reinforced
concrete components exposed to marine environment[ J]. Strength
of Materials 2019,51 (4) :653-659.
ZPEE JEOR R S AR BUR BRAL R B N T L
BRABTFEIEIE[T]. REIRIRE O, 2020,34 (1) :1-7.
LI Dangiong, ZHOU Lai, ZHANG Guchun, et al. Review on the
physicochemical properties of biomass ash and its application in
soil amelioration and remediation[ J]. Energy Environmental Pro-
tection,2020,34 (1) :1-7.
LI L,YU C,BAI J,et al. Heavy metal characterization of circulat-
ing fluidized bed derived biomass ash[ J]. Journal of Hazard-
ous Materials,2012,233/234.41-47.
FERE AW BT 7 TR 88 A B AR e T 52 8 0T 5
[D].¥r : A K, 2020.
ZEPR R I T 2 A H0IE B B R DL 7 SR A B
FE[D]. BB U4, 2006.
PRIYADARSHI A,KHAVARI M,SUBROTO T,et al. On the go-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

verning fragmentation mechanism of primary intermetallics by in-

cavitation [ J ]. Ultrasonics Sonochemistry, 2020,

70:105260.
YAN J K,WANG C,QIU W Y et al. Ultrasonic treatment at dif-

duced

ferent pH values affects the macromolecular, structural , and rheo-
logical characteristics of citrus pectin[ J]. Food Chemistry,2021,
341(1) .128216.

TRHETS . E T R R AR B B 0= [ D] R R
K2 ,2016.

s s, FLAR AR G B 4 0 75 ik Ak T 3 ST
WWFSE(T]. R4 2019,40(1) :37-41.

MA Dequan, TANG Yun, WANG Hongxing. Research on ultra-
sonic—enhanced pretreatment of micro—disseminated gold ore[ J].
Precious Metals,2019,40 (1) :37-41.

STANISLAV V Vassilev, CHRISTINA G Vassileva, VASSIL S Vas-
silev. Advantages and disadvantages of composition and properties
of biomass in comparison with coal ; An overview|[ J]. Fuel 2015,
158:330-350.

CHEN A L,DONG X U,CHEN X Y, et al. Measurements of zinc
oxide solubility in sodium hydroxide solution from 25 to 100 C
[J]. Transactions of Nonferrous Metals Society of China,2012,22
(6) :1513-1516.

SINGH T,DVIVEDI A,SHANU A et al. Experimental investiga-
tions of energy channelization behavior in ultrasonic assisted elec-
trochemical discharge machining [ J]. Journal of Materials Pro-
cessing Technology,2021,293(60) :117084.

B VT, SROGHA , 45 B P 25 PO SR AR R B 2 I3 ) 3
FEtIEFE[ ], BRI A (FLARRREIR) 2008,23 (4)
85-88.

ZHAN Hanhui, CAO Jiang, GONG Xingyan, et al. Research on
process intensification of adsorption mass transfer under the effect
of ultrasonic cavitations[ J]. Journal of Hunan University of Sci-
ence & Technology ( Natural Science Edition),2008,23 (4):
85-88.

RIESZ P,KONDO T . Free radical formation induced by ultras-
ound and its biological implications[ J]. Free Radical Biology &
Medicine, 1992 ,13(3) .247-270.

KATSAMPA P,VALSAMEDOU E,GRIGORAKIS S, et al. A gre-
en ultrasound —assisted extraction process for the recovery of an-
tioxidant polyphenols and pigments from onion solid wastes using
Box—Behnken experimental design and kinetics [ J]. Industrial
Crops & Products,2015,77:535-543.

VAMVUKA D,HAHLADAKIS J,PENTARI D . Leaching of toxic
elements from lignite and agroresidue ashes in cultivated soils

of crete[ J]. Energy & Fuels,2005,19(3) :807-812.

191



