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450 ¢ 700 °C ©20~25 pm GB 9837-88
35~ 100 .
1.4.3 pH
0-450.8-450.0-700  S-700. pH 3.4.5.6.7.8.9.10.11 100
2 cm mg/L KH,PO, (0.1 mol/L NaOH 0.1
3h 80 °C mol /L HCI pH) 0-700  0+M-700
0.5¢ 50 mL 40
M. 2:1 mL 100 mg/L  KH,PO, pH
6 mL 4.5 mL 3 200 r/
80 C o min 24 h @20~25 pm
GB 9837-88
450 «C 700 C (mg/g) -
0+M-450.S+M-450.0+M-700  S+M-700. 1.4.4
1.3 pH=4 100 mg/L KH,PO, 0
1. -700.  0+M-700 0.5 g 50 mL
C 40 mL KH,PO,
41.15% 200 r/min 5 min. 15 min. 30
2 Si min.1 h2 h+4 h.8 h.16 h.24 h
Fe. Al Si0,.Al1,0, Fe,0, ©20~25 pm
" . GB 9837-88
(LOI)  14.21% LOI (mglg) o (1) ~
20% * . (3) .
1.4 :
1.4.1 q, =kq(1-e™") (1)
50 mg/L KH,PO, 0-450.S- 4. q, !
450.0-700.S-700.0+M-450.S+M-450.0+M - (mg/g)  k o
700.S+M-700 0.5 g 50 mL ;
40 mlL KH,PO, kq,e’t
200 r/min 24 h T Y kg (2)
©20~25 pm GB 9837-88 4. q ‘
(mg/g) ik o
(mg/g) o Elovich :
1.4.2 . = 1 (3)
100 mg/L. 25 mg/L.  KH,PO, " BIn(Bar + 1)
700 °C 0.05.0.1.0.2.0.5 9. 4 t
lg 50 mL 0-700 40 mL (mg/g) a B Elovich
25 mg/L  KH,PO, 0+M-700 40 mL 100 °
mg/L  KH,PO, 1.4.5
200 r/min 24 h pH=4  5.10.15.25.50.100.200
1
Table 1 Coal gangue composition
C (0] Na Mg Al Si S Cl K Ca Ti Mn Fe LOI
/% 41.15 38.35 0.35 1.26 3.29 8. 18 0.15 0.11 0.01 0.3 0.91 0.5 0. 08 5.36 14.21




318 2021
mg/L. KH,PO, 0-700 O+M-700 O+M-700 pH 11.93 O+M-450 pH
0.5¢g 50 mL 40 mL 9.04 pH

KH, PO, o
200 r/min 24 h
@20~25 pm GB 9837-88 pH o
K.Na.Ca.Mg
(mg/g) o (4) ~(5) .,
o S-700 87 100 puS/cm O+M-450
Langmuir 1 056 pS/cm
S=35,. ke (4)
1 +KC » S+M-700 157.32 m*/g O
S8 e (mg/  +M-700 144.59 m’ /g
g C (mg/L)
K  Langmuir o
Freundlich
S=K.C" (5) 700 C
S (mg/g) C" 118.5 o ZETA
(mg/L) K,  Freundlich o
1.5 700 °C 450 °C
GB 9837-88 ;
BET ( o
X1000 ) ; SEM
pH (pHS-3C-01 la 0-700
)25 C pH ( HI 8733 HANNA) i 1b
; SEM-EDS 0+M-700
( JSMAT300 ) 25 KV 0-700
EDS
o 2
2 3
C 0]
2.1 K.Ca.Na.Mg.Al.Si.P.S.Cl.Fe
2 Al
2
Table 2 Physicochemical characteristics of biochar
/°C /( S/cm) pH ZP/( mV) /(m?/g)
0-450 450 1344 9.55 -27.33 4.2
S5-450 450 85 200 10. 65 -32.7 6
0-700 700 1670 10. 58 -31.43 1.2
S-700 700 87 100 10.7 -33.87 3.7
0+M-450 450 1 056 9.04 -16.57 7.9
S+M-450 450 28 400 10.7 -21.17 38
0+M-700 700 2 520 11.93 -19.03 145
S+M-700 700 14 700 10. 17 -23.6 157
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1 0-700 SEM

(a) ; 0+M-700 SEM

(b)

Fig.1 SEM images of 0-700 ( a) ; SEM images of O+M-700 ( b)
3 EDS
Table 3 EDS analysis of biochar wt %
0-450 S—-450 0-700 S-700 0+M-450 S+M-450 0+M-700 S+M-700
C 85.91 72. 84 84.02 70. 96 72.63 63. 69 73.02 59.73
(0] 11. 06 17. 10 10. 67 17.91 17.53 21.23 15.98 21.94
Na 0.35 0 0.25 0.37 0.33 0.19 0.19 0.22
Mg 0. 36 0.42 0. 64 0.42 0.49 0.49 0.62 0.55
Al 0.21 0.41 0.26 0. 35 1.36 1.29 1.32 1.38
Si 0.19 3.86 0.91 5.25 2.68 6.92 2.94 7.25
P 0.17 0.25 0.20 0.24 0.13 0.14 0.11 0.15
S 0.21 0.12 0.20 0.16 0.29 0.16 0.18 0.08
Cl 0.05 0.76 0 0.58 0.04 0.48 0.03 0. 35
K 0.50 3.23 0.93 3.11 0.53 2.35 0.32 2.06
Ca 0.98 0. 60 1.68 0.56 1.27 0.71 1.24 0.91
Ti 0 0. 06 0.05 0 0. 35 0.24 0.34 0.32
Mn 0 0 0 0 0 0 0 0.16
Fe 0 0.36 0.18 0.09 2.37 2.11 3.71 4.90
Si.P.CL.K S 60
C S; E 450°C
a ° ! 50 - I 700°C
Fe Si 2% ~ s
40 F
3% Fe ;:F
2% ~ 5% ﬁ\\ 30
Sl Feo ﬂ% 20 F
2.2 ﬁ
10 F
2 450 € 0-450
28.5% S-450  35.71% O+M-450 o —_— -y
+ +
48.75% S+M-450 53.6%; 700 °C
0-700 26.01% S-700 2
Fig.2 The yield of bioch
32.3% 0+M-700 46.21% S+M- ® ¢ Yieit of et
700 53.13%. 450 °C . .
700 C 14
450 °C 700 C
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0.62 mg/g g lg 3.96
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24 h 0.05 ¢
y S+M-450 0.66 mg/g 0o+ 9.89% g 98.86%
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Fig.3 Effects of different pyrolysis temperatures on the adsorption quantity of biochar ( a) ; Effects of different dosage on

the adsorption quantity of biochar ( b) ; Effects of different pH values on the adsorption capacities of O+M~-700 and 0-700 ( c) ;

Effect of different pH conditions on zeta potential of O+M—-700 and O—-700 ( d)
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o pH<3 Elovich 4
H,PO,; pH 3~7 4 4
H,PO,; pH 8~ 12 HPO;; pH> 12 R’ 0.944.0.984  0.978
- 2
POy *; pH R
6.7 mg/g 5.4%
» ° 3C
pH 0+M-700 0+M-700
0-700 o pH Fe.Ca.Si
pH=3 0 B
+M-700 7.8 mgl/g pH 8
pH=11 0 ®
+M-700 6 mg/Lo 3d
pH=3  Zeta 25.73 mV _or
=4
£
pH=7.4 0 \: al
I
=
pH =2 @ oM
. pH O+M-1st order
' O+M-1st order
1.2~2.2 O+M-Elovich
mg/L o 0 I I
0 10 20 30
I []/h
4 0+M-700
2.4 . N .
Fig.4 Adsorption kinetic model fitting kinetic curve of
2.4.1 phosphate adsorption by O+M~-700
0+M-700
4 8 h 2.4.2
5 min 1.69 mg/g 8h 6.25 mg/g Langmuir
8 h o Freundlich
8h 24h 16
6.25 mg/g 7.08 mg/ o 5
g Langmuir Freundlich
o 5 o 5
0+M=700 Langmuir R> 0-700 0.923.0+M
. =700  0.947 Freundlich R> 0-700
4 O+M-700
Table 4 Kinetic parameters for adsorption-rate expressions on O+M-700
Elovich
0+M-700 q. K, R? q, K, R? @ B R?
6.2 2.099 0.944 6.7 0. 440 0.984 103. 459 1.073 0.978
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Fig.5 Langmuir and Freundlich model fitting of
the adsorption isotherm curve of phosphate on biochar q
p
5 700 C
Table 5 Isotherm parameters for the adsorption 2.5 g/l pH 4
of phosphate onto biochar 7.08
Langmuir Freundlich mg/g 89% Langmulr
S K R? n K R? ;
(0] 1.7 0.532  0.923 0.224 0.71 0. 852 s
0+M 7.9 3.479 0.947  0.202 3.59 0. 886
0.852.0+M-700 0. 886
o Langmuir R’ Freun— °
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The Performance Coal Gangue Modified Biochar in Adsorption
Phosphate in Water

MA Yuena' > LI Xingqing' CHEN Miao’ *° LI Ling' LIAN Guogi' *
ZHAO Chenxi' > WANG Bing’ *”

(1. State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences Guiyang
550081 China; 2. University of Chinese Academy of Sciences Beijing 100049 China; 3. School of Resources and
Environmental Engineering Guizhou University Guiyang 550025 China; 4. Key Laboratory of the Ministry of Karst

Geological Resources and Environmental Education Guiyang 550025 China; 5. Guizhou Karst Environmental

Ecosystems Observation and Research Station Ministry of Education Guiyang 550025 China)

Abstract: The removal of phosphorus from water is very important for controlling eutrophication. In this study the functionalized bio—
char composite was synthetized from solid waste coal gangue and straw and was applied to the phosphate adsorption in aqueous solution.
The physical and chemical properties were characterized by SEM and Zeta potential measurement and its optimum adsorption condi-
tions adsorption behavior and mechanism were studied. The results show that the use of coal gangue to modify straw biochar changed
the properties of biochar and the specific surface area Zeta potential conductivity yield and adsorption capacity were significantly
increased. The result of the screening experiment of adsorption conditions is that the unit adsorption capacity of 700°C biochar is higher
than 450°C biochar the unit adsorption capacity of modified biochar is higher than that of original biochar and the unit adsorption ca—
pacity of rape biochar is greater than that of rice biochar. The unit adsorption capacity under acidic conditions is inversely proportional
to the pH of the solution. Therefore the adsorption conditions were selected as pyrolysis of modified rape biochar at 700 C  and the
adsorption effect of phosphate with the solution of pH 4 using 2. 5 g/L dosage was the best the unit adsorption capacity is 7. 08 mg/g.
The adsorption process conforms to the quasi-second adsorption kinetic model and the Langmuir adsorption model. This adsorption
process is mainly based on chemical adsorption belongs to the monolayer which is favorable for adsorption. In this study a method for
preparing a new type of bio-carbon-based composite material using solid waste has been developed. The material has the characteristics
of low cost simple operation and remarkable effect.

Key words: biochar; modification; gangue; phosphate; solid waste



