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Abstract

This paper studied different kinds of ions adsorption ability of the fly ash from the biomass power
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plant and analyzed the Cd ions adsorption Kinetics. The results showed that the fly ash had no ad-
sorption capacity for As (III), As (V) and Cr ions, but had a strong adsorption capacity for Cd ions.
With the increase of Cd ions concentration from 0.1 ppm to 20 ppm, the Cd ions removal ability of
fly ash decreased significantly. When the temperature increased from 15°C to 35°C, the removal
ability of fly ash increased. However, when the concentration exceeded 10 ppm, the effect of in-
creasing the temperature on the removal ability of fly ash was limited. The Kinetic process of Cd
removal by adsorption with fly ash had a higher fitting degree with the pseudo-second-order ki-
netic rate equation, and the R2 was over 0.997. According to the analysis of intra-particle diffusion
model, the removal of Cd by fly ash was mainly controlled by intra-particle diffusion in the early
stage of reaction, while the adsorption was mainly controlled by both intra-particle diffusion and
membrane diffusion in the middle and late stage.
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1 Hl

W(Cd)yE—MaHEeE, WJLUEN BRIZmAEY), RASETaYEEET AME, FEAAMR
SRAVEURTE . SO VERAEPIAR R SERE A, AT AEAE FRA pEE RKE[1], AR . FET, BREEH)
TETNR B EAL L (A BB B BRET %, Hrh IR R R AL RRA S,
TR ISR ACHF 2 Cd AL BTV, =232 RIE[2]

A — RS 5 R SR ) ER R AT A REUR, R BRI e R A . ELRAR LR AR Y
AT —[3], CRRED G BERE L E R[4, RV R aid B 2R M RN 5
BN HIRUINBURL,  ANDUE By s B e B 2 A B AT, B PG RS R [5]. BEAE AR TR A
ARETZNA, CORBHBCEIZEI N, H, SR CRTERE s R B SR 5. B
RKAARHRN . fUEL . B, RIABURER AL, 0 Ee)R B R B R CR 6], 3
BR BT I E K. 9 T AR T ORI R RE , ASCERTT T KA AS A G R ROV B E 0, A
UEIEA 25 T 1 Cd (N BE 7T, Ty Cd Ml br 5 WK s (B AL A 4 AR fcdiE

2. MM 5ERHE
2.1 SEEMPR

ABFFLHTH KR BB R A IR A ], SERATATIIBI 4, LR A 1[7].
22. KRR E TR EENIR

ZIESCHR[7], B4 K IREF4 1.00 g 2> 5 E T 60 mL YERHE S, AR5 @ B 4 B2 50 mL
ANEWIIERER As (1) As (V). Cr. Cd ¥, 2 EAFRMRE F@A5C. 25°C. 35°C)HR% 24 he %A
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For q o S BRI AW P s /s Co RN IRBH IS 1K EE » ppm; C 7RI A B 7K, ppm.

Table 1. Chemical components of fly ash
FT 1 WIRWERS(mglg, FHEE)

TR o TR R
Y ix 888.46 + 19.21 S 15.13+0.21
FER Sy 39.33+1.05 P 10.09 +0.15
I# & ¢ 82.37+4.76 Fe 16.11+0.44
Si 292.04 +7.77 Na 5.32+0.23
Ca 19.37 £1.23 F 3.22+0.18
cl 53.47 +2.03 Ti 2.68+0.17
K 49.45 + 2.65 Cr 0.0534 + 0.0036
Al 4252 +1.41 cd 0.0111 + 0.0001
Mg 5.92 +0.19 Pb 0.0087 + 0.0002

2.3. ¥R} Cd B9 MIEI T

1) ANIEREE R AR Cd Rt RE

SIECHER[7], B E 4 KA 1.00 g 2 HIE T 60 mL YRR+, FIE IR E N 20 ppm [ Cd
W50 mL, A3l ARFRIEIR(5C. 25°C. 35°C)#%¥% 0 min. 15 min. 30 min. 45min. 1h. 1.5h. 2h,
25h. 3h. 4h. 5h. 6h. 7h. 9h. 11h, 13h, 15h. 18h. 21 h. 24 h J5HUH, FEHL 10 mL #0d —
OCVEJEIE, CRAFFE AT I SEgR B =K.

2) HE—FIEh R b Bh 7y A A

SWOCHR[7], AEAE FHHE— R SL3N J7 2FAER AT S AT I TR, R O — G0 B3 77 2 A R i gk
TG, FRREEAE OC R B LU A A ) A 58]

K
lo -0 )=logg ——2—t 2
9(d —q)=logq, 5203 )

t t 1
0 4 k*Q ©
Horpr qo 6 P I BT 5T B PR TR B Cd R, g/ o 28 t IR % B SRR B IR Y Cd R B /g
Ky A1 Ko 43 Bl HE— R — 0% B R %, minTt.
3) R A 9 R A (Weber-Morris)
N0 AR ORI I R RO e s AR, @R N AT U (Weber-Morris) 73 BT 8P4 T
ROIKIBRERR F B 71 %4[8]

g, = Kgt* +b 4
Frbr g MR BT 2T R BB IR Cd IO, peles Ko NPT BRREL b AHEL, ngle.
3. R 5L
3.1 XM EETF AR HIRE
RIS AN R 5 OB B 0 n e 2 B o FEANFNREE S, AR KA ANFIIREZR As (1) As
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(V)EEARB AP RE T, XTSI CA RIS IR B BE 77, (R AR A v R A IR SR W B E T, SR 1T B 0 25
TFIRFEHITH S, S5 MRS JR 55 . 24 Cd WJE i1 0.100 ppm 3440 5.000 ppm i, 7 15°C4%44F, Cd ik
B3 99.00% %K F 43.28%; fE 25°C24FF, Cd FILFRZ H 99.00%4 K 48.6%; 7F 35°C2%&MHF T,
Cd (IR 100%F%AKE] 59.06%. HE & Ui T i BE RE WS 1 KKK Cd I BRAE 1, (HAX T8
WREEN Cd VW, T il B0 B2 KR Kk R 7 ) s A R

Table 2. Adsorption capacity of the fly ash to solutions with different concentrations (24 h)

3 2. MRS RIRERR RN M RE 71 (24 NEY)

15C 25C 35C
R =S

Co/ppm Clppm Adsorption Co/ppm Clppm Adsorption Co/ppm Cl/ppm Adsorption

0.100 0.105 - 0.100 0.102 - 0.100 0.102 -

0.500 0.510 - 0.500 0.504 - 0.500 0.501 -

1.000 1.049 - 1.000 1.040 - 1.000 1.034 -

As (111) 2.500 2.508 - 2.500 2.509 - 2.500 2,518 -

5.000 5.096 - 5.000 5.045 - 5.000 5.030 -

10.000 10.098 - 10.000 9.936 - 10.000 9.997 -

20.000 19.995 - 20.000 19.991 - 20.000 19.989 -

0.100 0.136 - 0.100 0.130 - 0.100 0.141 -

0.500 0.568 - 0.500 0.576 - 0.500 0.555 -

1.000 1.168 - 1.000 1.159 - 1.000 1.144 -

As (V) 2.500 2.752 - 2.500 2.703 - 2.500 2.714 -

5.000 5.382 - 5.000 5.346 - 5.000 5.307 -

10.000 10.461 - 10.000 10.423 - 10.000 10.384 -

20.000 20.642 - 20.000 20.592 - 20.000 20.538 -

0.100 0.102 - 0.100 0.093 A 0.100 0.090 A

0.500 0.493 A 0.500 0.458 A 0.500 0.444 A

1.000 0.981 A 1.000 0.932 A 1.000 0.918 A

Cr 2.500 2.475 A 2.500 2.227 A 2.500 2.208 A

5.000 4.953 A 5.000 4.623 A 5.000 4.601 A

10.000 9.917 A 10.000 9.141 A 10.000 9.004 A

20.000 19.890 A 20.000 19.096 A 20.000 18.994 A

0.100 0.001 N 0.100 0.001 N 0.100 0.001 N

0.500 0.011 N 0.500 0.001 N 0.500 0.001 N

1.000 0.020 v 1.000 0.015 N 1.000 0.008 N

Cd 2.500 0.408 N 2.500 0.344 N 2.500 0.174 N

5.000 2.836 N 5.000 2.570 J 5.000 2.047 N

10.000 8.024 A 10.000 7.879 A 10.000 7.011 N

20.000 18.094 A 20.000 17.581 A 20.000 17.097 A

O FORTWME S A7 RIS N AT SR A
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3.2. kXt Cd MR

3.2.1. ¥} Cd BRHIR IR L

MR B 1 7 25 0 X () AR AR AR — R BE T B Jo e R 71 o PR o B 05 9 T P R AR O i B e
TR 9 B  H R SRR T L (R B L AR [9] o 5 T~ i I B A B 227K (Langmuin) A8t 30 (4
2 (5)) F1 3k % 48 HL 75 (Freundlich) &5 X (A X (6)) [10].

1

q, = Kecp )
bg,c

— m™~cC 6

° 1l+bc, ©)

Fort g R MR BT AT B B S 2 PRI B Cd 15, uglgs Ke v Freundlich %% n MIREEFREG
TR T E RIS, uglgs b A Langmuir W B 5.

H7e 3 AR TR, BERAASZUR SR AR, KO R TR A5 A RE (R A D) K. LAy
T JZ VLRI BB (FE 0 O), A I 85 Y25 VAR 1) M TR P 5 45/ 95~150 uiglg 2 [a] o 7t 3 =2 7 L A5 45 iR X
RS, TR B8 AT P W P R 0 U (KR) 5 B A% 2R S5 BSR4, #E 95~150 uglg 2
)5 RN Y TR B s VR B 28 P (Ui ize /N T 2, Ui AR BHAR 25 53 3847

Table 3. The amount of adsorption isotherm of Cd solutions with different temperature and different concentration (24 h)

3. TERE TARIKERA RRMEFRE4 )

Ce (mg/L) g. (ug/g) Ce (mg/L) g. (ug/g) Ce (mg/L) g. (ug/g)
0.000 5.0 0.000 5.0 0.000 5.0
0.011 24.0 0.000 25.0 0.000 25.0
0.020 49.3 0.015 49.3 0.008 49.6
0.408 104.6 0.344 107.8 0.174 116.3
2.836 108.2 2.570 1215 2.047 147.7
8.024 98.8 7.879 106.1 7.011 149.5
18.094 95.3 17.581 121.0 17.097 145.2

3.2.2. MmABHRHIBIHE

1) KRR AT A

M L AT CLA Y, VAR R S S R P I S S N TR TR /0 AR 53 R PR 2 i T
MR, I Tk B R

152 AL PR b, ¥ B R A IR R S A R B 30 A S R AT s N = AN B IR A
JSEAE T AT, R PR R AT A2 05 (R PR A e R PR < 128 1, BN A 1A T 3 Pl MR B 77 K 1 2 T
I L EH ¥ 0 A B ATRR, PSRRI AT B iR BEZE A A, T DA PR A e b 4R B B B2 Ak T FR IS, R B
FIR I AT AN AT ) R UK Sy, Ih 8 IR AW, T BB, IR R
I s AR P S LA SR YIRS T v e R IR B B N A A B B B, IR
SREHESS T 1IZHTI NN R PRZHTIE BT .

DOI: 10.12677/hjcet.2021.113022 158 =AW EESE YN


https://doi.org/10.12677/hjcet.2021.113022

# Residual concentration of Cd (15°C) m Residual concentration of Cd (25°C)

A Residual concentration of Cd (35°C) < Absorption capacity of Cd (15°C)
20.50 t Absorption capacity of Cd (25°C) ® Absorption capacity of Cd (35°C) 0.18
20.00 + e © © o ® ® 0.16
] o
® 0.14
X 0.12
E 19.00 ® x
R ¢ X 0.10
0 X X X X X X X .
2l 1850 X XX
® K3 0.08
S m_%e .
= [ ] * & o o < < L 4
& 18.00
< A Wy 0.06
|
H =
17.50 - % A = = - = 0.04
» A
17.00 A A A A A A 0.02
16.50 I : ; 0.00
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Figure 1. The result of adsorption kinetics about remove Cd solutions
1. ¥72&%F Cd HYSERRAR T AE

2) HE—HHE —FR B s AR

MR IHE— MOy — AU S 3 AR 2 (n 1] 2. 131 )M S H(tnk 4 R%E, #E—ZAth—
D5 )32 1 T REXT R Bl R i RS B R, RO 0.95, ARLLTE—0r e, h—2sh )
SRS BEL, RO 0.99. M 4 AR AR, 4 BRI WS J) 2 BUR A1 BT
W IR EA AN, SRR EAM L, Dy Z R R TS BRSO SRR . 2 B
IR, TCKERRW N B ) A R AT & O s sl AR T R . X0 T S AR T R B AR T v A
IR ST, H T E SR SRR xR A AR R s A s iR AE s M2, D
TGRE ) AR AT DU M A R, RE Ay BSR4 A

0.00 - w ‘ \ \ ‘
0.00 1.00 2.00 3.00 4.00 5.00  6.00 7.00 8.00 9.00 10.00

~0.50 -
* 15°C (Cd)
m25°C (Cd)
~1.00 35°C (Cd)

log (q,—q,)

-1.50 y=—0.1263x — 0.8524

R*=0.9844

—2.00 *

- ‘
y=-0.1675x — 1.0982 y=-0.1353x — 0.964
R?=0.9567 R?=0.95%4

—2.50 i, h

Figure 2. The result of adsorption kinetics of removing Cd solutions

B 2. MRlERR Cd IRMIEN N FER(E—R)
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R?=0.9977
100.00
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0.00 : :
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WA, h
Figure 3. The result of adsorption kinetics of removing Cd solutions
B 3. ¥ ERR Cd BIRFHEN I FLER(TAZK)
Table 4. Fitting parameters of dynamic model (Lagergren)
= 4. Lagergren E—RMA RN HFRBHBESHE
RN IR 3 7y F
K1 e (cal) Kz Qe2(cal) h Oe(exp)
R R?
h mg/g g/(mg-h) mg/g mg/(g-h)
15°C 0.9567 0.39 0.08 0.9986 9.20 0.11 0.11 0.10
25C 0.9594 0.31 0.10 0.9977 4.68 0.14 0.09 0.13
35C 0.9844 0.29 0.14 0.9977 2.86 0.18 0.09 0.16
Kp: HE— R WG eaean: ME— SRR PATI IR B 4 he O “ZORR AT AR 2 s Ky D ORI Oepreary: T 81
TR S48 I R B 2
0.18
0.16
0.14 -
H B BB B EEm
0.12 . o
|
20 0.10 A EHE & ¢ ¢ ¢ o o o
% = s
= 0.08 mEe <
mee
0.06 me
me +15°C (Cd)
0.04 < =25°C (Cd)
m 35°C(Cd)
0.02 m
0.00 ra : : :
0.00 1.00 2.00 3.00 4.00 5.00 6.00
tO.S, minl/Z

Figure 4. The Weber-Morris curves of removing Cd solutions
& 4. %7x%KP& Cd B9 Weber-Morris Bk
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3) kL A B R (Weber-Morris)

B, BTRRMEREEZES A=A, SRR B R A B BRI B R BB B
TERE B B, WRBH BT MR SE AR B R MR THT s 7R T T B B, WRB R ok T A AR R THTEE N
WAL, WK PSR B R SOSIE B, W B 7R 7E I B A7 e PR B R B T o — MR, FHEEY . Y
B P e [ 4 L P R B T

X RK I B AR B 1) Weber-Morris 128 (1] 4)iEAT 70 v ml %0 IR FT A, ARLR A 2 08 1 AL A
F H R SR T R B 20K, W2 71 2= 3P O N s s BIWEE H E HIR, AL S
(B e s ) B2 S AN I S i, HEEE R R, BERRPRIZWRD, @ T K, KRB FERE
VA S I P TR SR T sl W R ) T () e B BT R, BT BRE G aE, IR B P R
B WA SO S SOt R, HEAE R S ST, N3 EOE A sz st il )N, R HOrE A i 52
FREEERER R, 55 e W B Ik 3~ 1h

4, 4Eig

FERRTRACE As (1) As (V) Cr B FEEARBATIRIRE T X Cd B 7 MR BE AR 58, (HA2
BEEWRPE T R, WA Cd &1 (B RR AE /7 2 25 P AR . T i BE RIS HE K KA Cd IR BE 7, 2R
IR ELBR, ThR IR R e CABEERBE A AT R . thah A el A, OKBRERI I 3 7y 2
P50 B )R TR B s YORBRER ) B L i 2 B S N s, T B ) o s 5
FEZRT WY B RS B R .

B oW

AHIF 5T 5% [ 5% H R0 A PR 28 W] SRR 0 H B B (3 T AE W 5 B VSRR A AR AT 25 A BEJRIE PR A 5
ARBFFC Je o7 ) AN E 58 SR FE 4101 H (31971793) ¥t B, (IR n 8t
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