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Preparation of Adsorption Ceramsite Derived from Sludge Biochar
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Abstract ; Adsorption ceramsite (SKC) was prepared with biochar (BC) derived from munlupdl sludge and kaolin (KL) bdaed oh the
optimized processing parameters  to adsorb ciprofloxacin, (CIP) in aqueous solutigns: The CIP adsorption mechanismzof SKCwas
1nve%t1g§ted by ad%orptlon kinetics and isotherm ad%orptlon mode.ls combined with the’ analy%ls of "’ml(’m%t.ructure pore %tru(’luré" iphase
compbsltlon and» zeta; potential. Furthermore the heg m_etdl leaching toxicity was' dssessed using the t0x1uty chdrdcterlstlc ledchmg
procedure (TCLP). ‘niethod. The results showed, that‘ SKC swith 60% BC and 40%;* ‘KL calcmlng at 1,050°C for 5 mln ~showed a,n-
outstanding remeval * effl('lency of CIP (65. 34%) “The pseudo second-order equatlojf agreed wnih the adsorption behavior and the
Freundlich model described the adsorption processiwell. ﬂhe adsérption process was @ multilayer adsorption controlled by physical*and
chiemical reactions. The leaching concentratlon of heavy metals, trapped by the miferal phases in SKG was much lower than that in
BC, lﬁldlcatmg low ecotoxwologl(al risk. SKC po%%es%ed the, ablhty to adsorb CIP with its developed porosity and characteristic
mlneraloglcdl phages , lincluding silicon alumigim oxide dna iroi 0x1de This work provides a low-cost recyclable sorbing material to
remove h1$h concentration CIP from wastewater and offers a new idea for the large-scale safe use of BC.

Key words :sludge biochar; ceramsite; heavy metals; ciprofloxacin; adsorption; desorption; kinetics; isotherm modes
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Table 1 ~ Main chemical components of BC and KL/ %

H i Si0, Al O, Fe, O, MgO Ca0 Na, O K,0 C HE

BC 23.57 15.94 19. 86 8.55 6.87 1.59 1. 05 5.22 17.35

KL 48.30 40. 21 1.34 0.09 0.26 0.12 0.10 / 9.58
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Table 2 Orthogonal factor level table of process parameters

PRGEREE(A)  BEARSEI(B)  BRESIRE(C)  BegbmfmE (D)
/C /min /C /min
Al =300 B1 =0 Cl1 =1050 D1 =5
A2 =350 B2 =15 C2=1075 D2 =15
A3 =400 B3 =30 C3 =1100 D3 =30
1.2.3 &Rt CIP 4
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Table 3 Orthggonal experimental results of SKC/preparation

Fofl | | o)/

HIARHEL( B)Y mine”_god BRI (C) /C BEAE I (D) /min /%

] pLgh & 300 i 0 1050 5 65.34
P2 “ ’ 300 15 1075 15 32.99
P3 300 30 1100 30 23.64
P4 350 0 1 100 30 25. 88
P5 350 15 1075 5 29.33
P6 350 30 1050 15 37.26
P7 400 0 1100 15 19.25
P8 400 15 1 050 30 43.4
P9 400 30 1075 5 34.97
K, 121.97 110. 47 145.99 129. 63
K, 92. 47 105.71 97.28 89.5
K, 97. 61 95. 87 68. 78 92.92

K,/3 40. 66 36. 82 48.66 43.21
K,/3 30. 82 35.24 32.43 29. 83
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Fig. 2 Adsorption kinetic of CIP on SKC in aqueous solution

B, SEPR CIP W B 25 .

P 3 g~ i (g, ) S BRI (e, ) 1Y
KZ A CIP 7KV R 0T f v B R T v, TR o P A o
CIP 7KW Hp 11 5 £ v 38 AH 07 35 K, SKC. 1 W o 2
WIEHHE K. 24 CIP FIIR BT W BN 10 mg-L~' 3
JNE] 400 mg- L', W& A 40 mg-kg ™' 3N &
1950 mg-kg ™' WIhH BT R RN, CIP WA
B SKC R 15K 8 Ty B4, B REA% v AR W B 3 A
H BRI B0 AR 22 D A4 BEL o AT A5 5 22
() CIP B W B, A1 I A8 1R ) s I et Wk B T O
SRR, PRI W R RE AT

2000 |-

1500

1000

qo/mgkg!

5000 -

0L

I I I I I I 1
0 50 100 150 200 250 300 350

c/mg-L7!
@s SKC 37k CIP 1R MR %

Fig. 3 Ad‘i(}l‘ptlol’l 1%0therm of CIP on SKC in aqueous- softfion L

2.3 sl ks -
T HESY SKC W[ CIP FHEMT%&F%»&%U&

~SKC fEI I fFHAE f , 5280 SKC B AL E 1. A&

WFFE A I IR B 2 CIP A AR 45 14, 25
W CIP 7E 450°C $ o i S A SE il (fnfEl 4).
B, 8 T CRAIE NG R B b e T Y CIP 58 4243+ , A
I iffy rri e S B FL I B P AE TR ARG BRI 8 18
Jg 450°C. I E IR, CIP & AR5y TRER WL,
774 CO,, H,0 /N AR B F SKC £, SE

0.1
-0
- -0.1

I
!
=
[+ ]

1

O
5 60 172
&} B =
& -4-04 2
8

40 - 105

4 -06

20 |- 1 - -0.7

(3249 -073) | (891°C,19.0) “os

100 200 300 400 500 600 700 800 900

L JE~C
B4 CIP ) TG 1 DTG #h%k
Fig. 4 TG and DTG curves of CIP



3974 2N 5%

SKC #fA=. ik Xof I M I 19 SKC 47 98 5 5 A6
KILFAE SKC H TG CIP BR R, S8l 58 4 IS

PRI B P4 IS A BB ( DSKC) X CIP Pk B s
[i] Py 2 o et P61 5 BT s, W B O AR 5 P A T SKC
F14) W52 56 00§ AR AL, R o 3 3% il o Ao i) g 348 i %
e 1 24 h J5 CIP 1Y 5T VR B SR A OREF AN AR | I
B 3K B - AR S WL R 74 mg-ke ™' KRR
CIP (1) 5 5 ¥k & 40 45 19 10. 77 mg- L™ IG5
5.65 mg-L7'. RIS Z5 3R, i BC 5 KL iR
A il 25 1 P R LA R A B CIP W -4 Aot B - P I

A 0 07 2P 22 D) BE , 33X D 3 B4 A} 118 S B g FH B9
TR
80 |-
70
60 -
50 |
I‘EE 40
“:i 30 |
20 |
10+
0|
-10 1 I L I L L :
0 3 10 15 20 25 k1

i
. [ @/ nskc o o mmmsh s L
Fig. 5 Adborptloh klnetlc of CIP on DSKE in aqueuus solutlun s

U1 S M | J“,
"'?F'Jﬁﬁ ﬁfif“ﬁﬁﬁ%[i‘ﬁ@)]*ﬂ Jgfi
ﬁ?"[“iﬁ(@ 1X5 % P11 SKC WM ey
RIS

_ )
2.303

lg(q. —q,) = lg(qe

2.4

(3)

B 2 38 &
¢ 1 t
= + — 4
4 ka4 ()
Lk Lk, MBI —S . T sh e R R,

q. F1 q, 2 1487 Bk 0 B BsF ) A7 ¢ (ho) BSF RS CIP
B (mg-kg ™). 1Kl 6 N PIRREh g AL SKC
W B AR RS LR, 26 4 IIa a0, 45 RRm,
TR RS SRR (R =0.99) th—
KN I15 (R =0.95) 4, BT LA SKC Xt CIP f W {45
G RN T AR W R AZ Ak 2 B L 45
#1721 AE CIP WIUR TR N 10 mg- 17", W Bff At
)4 24 h Z5E TR, W B 35 AR K 1) 57, W% B 38 6 )
TP B e (g, ) M 52,61 mgekg ™' R
J12% LA A5 B0 B KR (g, ) R 56.08
bW R R KR 0. 0163, 55— sh f12p gk
JEAR L, — sl g 2 0 42 3 X 0 03 0 W o . 25
Lk, =G )20 BE T SKC X CIP-A#1
iR BEBCE W CIP I W ) SKC 1 Sh 8 Wl b
. Wjﬁ%ﬁ*ﬂfﬁiﬂ%@ﬁ%ﬁﬁﬁﬁiﬂ%ﬁ ‘ﬂca»—

mg kg~

AEH. | ) \ A
“ ’ B
2 " - 0
241 a o —#al Iy R
s G ET 2
L SN |
8 4010
Last
5 H 0153
12 1
4020
09 |-
06 L 4025
03 030
01 23 45 67 89101 1213

i'h
BE6 SKC Wk CIP BIZh 1 B i 2
Fig. 6 Kinetics of fitted curves for adsorption of CIP onto SKC

&4 SKC K CIP Mizh 1 FRBM A LR
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