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Preparation of modified palm fiber biochars and their adsorption of Pb* in solution

WEN Jia—wei', WANG Hui"", ZHANG Hao', JIANG Jun®

(1.School of Chemical Engineering and Pharmacy, Henan University of Science and Technology, Luoyang 471023, China; 2.Institute of
Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: In order to improve the heavy metal adsorption performance of biochars, we prepared palm fiber biochar (NPB), KOH-activated
orthogonal optimized biochar(PB), and loaded modified nano silica biochar(PBS) from palm fiber as a raw material. The prepared biochars
were characterized by infrared spectroscopy and scanning electron microscopy, and iodine adsorption values and Pb*" adsorption properties
in water were compared. We also analyzed adsorption kinetics and isothermal adsorption characteristics. The results showed that compared
with NPB, PB and PBS had a significantly larger number of surface adsorption sites and significantly higher specific surface area, total pore
volume, and maximum adsorption capacity. The Ph* adsorption process of PB corresponded to a quasi—second—order kinetic model,
whereas that of PBS was in line with a quasi—first—order kinetic model. The maximum Pb** adsorption capacities of PB and PBS were
110.89 mg- g™ and 151.63 mg- g™, respectively. Furthermore, a comparison of the parameters of Langmuir and Freundlich model fitting
equations indicated that the adsorption process of Pb and PBS on Pb* is homogeneous, with single and double layers simultaneously, which
is more consistent with the Langmuir equation. The findings of this study indicate that PBS has the best Ph** adsorption performance among
the assessed biochars, which is 1.37 times higher than that PB, and has a significant load modification effect. Accordingly, the PBS biochar
would have good application potential.
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Figure 1 Principle of load modification of silane coupling agent

WWW.QEs.0r9.CN




m@g 1090

B E R IR

F40EFESH

YT, A RE IR BRAS B B R A ie N
PBS.
14 Y FRREREMERS R

1 2o 8 B 2 A3 (Nicolet 5700 Spectrome-
ter) , 76 3 400~4 000 cm™ YU ] N F1 4, 34 LA X 5
28 BB (SystemSIX ) 4347, DLS Uk ok 5y 5 A= 4 it
¢ 1) 2 1T FE 1A K ot AR AR I 5 ok XG4 Ais Y
(Bruker D8 Advance ) R FE i (49 fi AR 235 4 5 38 o 31 4
L 5% (JSM—5610LV 71 ) W 22 2k 4 i S A 5 TR AR 3=
Tl 457 AE A9 28 Ak 5 o) R G 26 T B 5 L R SR E Y
(ASAP 2020 V4.03 2Y ) I Sek i s A= 49 ot e 1) e 2R
A S FLIRES S E0 Ak
1.5 MRS

BRIRIE 4514 - R FH Ph(NOs), B ) AS [ e B 11
Ph> I 5 FL ] 0.01 mol - L™ 1Y) NaN O+ b 15 5 7 U s iR
il 0.1 mol * L™ () HNOs ¥ ¥ Fll NaOH ¥ ¥ H F I 15 7%
W pH 3 R 7% IR S 25 °CL ¥R 1% 33 Jy 180 remin™',
PR FIA] R 0.5~12 b, 417 77 B 45 HE T JH0 48 SR PR 3 11 g
B T, DA /D S BR PR X W pH 7 AR S
Ph> ¥ Y00 MR 2R FH M D 1 WO 49 o 6 8 3 (TAS-
990AFG) #EF il 5E o
1.5.1 3l 72 bt

fic il 25 mL ¥ B S~ 400 mg - L7 ) Ph*IE W, 419
pH 2 4 425 C. FREL0.100 0 g A= 4 i i F

RHETEH T, 2 4R 0.5.1.2.4 .8, 12 h, 1L & &
P> VA TR E

1.5.2 2536 0%

43 A EC 1 25 mL P> ¥k £ 24 50,100,200, 400,
500.600,700,800.900 1 000 mg- L' % , 445 pH &
4.0, )% R 25 Co 73 B FRI0.100 0 g 29 o T4
TEMH P2 12 h, b 8 e .

1.5.3 pH X R B4R 8 52 i

Bie i 25 mL ¥y 400 mg - L™ #Y P> 59K, 43 5]
FEpHIH 2 2.3.4.5.6,1E N 25 C. FREL0.100
0 g A=W THEIE R, 489 12 h, 2 U8
1.6 #HEs

% H Excel 2019 #E47 ¥4 4 B2, ] FH Origin 8.0
il &

2 GRS

2.1 [E)R FE ) A B T IR B 53 A
XA ] i B2 1] 5t B NPB R A B (LA 23
Prise , g R Anial 2 B s o Bl e A TR EE A 3

1% WHART]

8501

8001

B (i

Todine sorption value/( mg-g™)

300 350 400 450 500 550
R Temperature/C

B2 [ iE B & H A B Ak B R R B
Figure 2 The iodine adsorption value of biochar prepared at

different temperatures

NPB 114 LT B 56 34 IS B, 7 500 CH A 31 55 K
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il £ 1Y NPB AE 4 KOH 5 AL e PR 58 14 A L
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FH 2R 1 AT AL, 6T 4E R B e R 2= A 35 U
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Table 1 Orthogonal experiment on adsorption of iodine

from palm fibre biochar

o A BT L ”B:?ETE“ C. it .ﬁlﬁl”&lgﬁ{ﬁ.
Number A:Carbon  B:Temperature/ €+ Time/min lodine adsorption
alkali than C ’ value/(mg-g™)
1 1:1 600 60 709.19
2 1:2 700 90 1387.56
3 1:3 800 120 1210.64
4 1:1 600 90 1407.76
5 1:2 700 120 1399.38
6 1:3 800 60 1337.43
7 1:1 600 120 1439.15
8 1:2 700 60 1381.50
9 1:3 800 90 1347.26
ki 1102.46 1185.37 1142.71 —
ka 1381.52 1389.48 1380.86 —
ks 1389.30 1298.44 1349.72 —
R 286.84 204.11 238.15 —
F I — A>C>B — —
HokF As B C —
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Figure 3 Infrared spectra of different biochar
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Figure 4 XRD patterns of samples
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Figure 5 Scanning electron microscopy (SEM) of NPB,PB and PBS
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Table 2 Energy dispersive X-ray analysis of surface areas of

NPB, PB and PBS

Biochars Elements concentration/% correction percent/%  percent/%
NPB C 100.43 0.45 34.63 44.24
0] 200.31 0.64 48.56 46.58

Si 100.36 0.93 16.81 9.18

PB C 367.01 1.39 78.11 83.61
21.69 0.34 18.86 15.15

Al 1.88 0.91 0.61 0.29

Si 3.89 0.95 1.20 0.55

Cl 0.31 0.83 0.11 0.04

K 3.90 1.04 1.11 0.36

PBS 40.57 0.34 46.17 58.76
PBS 0 35.95 0.46 30.31 28.96
Si 41.16 0.98 16.23 8.83

S 15.55 0.86 6.97 3.32

K 0.43 0.98 0.17 0.07

Ca 0.35 0.94 0.15 0.06
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before and after modification
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Figure 7 Biochar pore diameter distribution before and

after modification
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Table 3 Specific surface area, total pore volume and average pore

size of biochar before and after KOH activation modification

i Ju) H AR
BT l:l’j-éﬁf fLIAF FEALA
. Specific surface Pore volume/ Average pore
Biochars B 3, ;
area/(m*+g™") (em’-g™) size/nm
NPB 1095.79 0.27 5.48
PB 1719.40 0.47 3.49
PBS 2167.10 0.54 2.71

B I LA, B AR Y R S A T A R
J¥ 7, [ R o HY 5 Ph? 5 4 A= 1) 0T 1 3 18T 1) W B2
F B pH TE O B b e R O e
AR BRSO 559 , 4 LE H i ) Ph A o 8 25 4 5 e
S THT P9 R A2 A, 386 KT A 0 5 e X P I o o 5 Y
pH KT 41}, % Ph> B 4k Pb(OH) ", Bl 5
VW OH R B34 Jim, P> 1 fR RE 8/, W B RCR
BT R
2.4.2 Z )1 A

PB . PBS X Ph> i Wz et pifi Rz St s 1] A2 Ak ) ) o 2
M an sl 9 BrR o Bl 25 U B ESF [R] 4 385 00, PB PBS X
Ph> (R 5 7E O~ 1 ht FEI PRl b T 7 4~8 hls 2 )i
FEAGR R o SR — 0 G 8l ) 2 s
X B SR TR MU G B S RS UL R 4.

FH 4 150, FL 5 PB A E—ZURNVE — S sl 12
Ji R R B, PB WK [ P> it B AT HE 90 8h T2y
T2, A A 0 B W B i (75.97 mg - g) FHSE BRI
B 5 (75.35 mg - g™') #5200 5 LA PBS (11— 2 A —
GO7 AR R B, PBS (I — 28l 12 B A& R 8K
AEWE s 12 R R T A BV I B R S PR
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Figure 8 Effect of pH on adsorption of biochar

100 1

80

60 ]

40

20

HE—2 3 )y =2 BT AR

I B2 Adsorption capacity/(mg-g™)

0 2 4 6 8 10 12
A [8] Time/h

100 1

60 [

40

20

ME 25 ) 1 2 W A

W B i Adsorption capacity/(mg-g™)

é 4.1 6 8 10 1.2
I [E] Time/h
A PB 0O PBS
9 FNFRHHREINEE

Figure 9 Kinetic adsorption model fitting diagram

%5 Langmuir # Freundlich #2431 & PB . PBS W Bf Ph>' 9
GEES%
Table 5 Langmuir and Freundlich model were used to fit the

parameters of PB and PBS adsorption of Ph**

Langmuir S8 Freundlich 2%
e W) R e Langmuir parameters Freundlich parameters
Biochars Qu/ K./ § Ke/ . R
(mg-g") (L-mg™") (mg-g™)

PB 122.30  0.00018 09894 03134 1.02 009812
PBS 160.44  0.00023 09717 0.8326 136 09596
2 Qu IR KW 45 5, Kok Langmuir B2 BfE 5 45, Ki 24 Freundlich
8 B B8, n A Freundlich W BRF25 TR 60 () 28 56,3 %5

Note: (., is the maximum adsorption capacity, K. is the Langmuir

adsorption constant, Ky is the Freundlich adsorption constant, and n is the
empirical constant of Freundlich adsorption isothermal model.

W B St B AN 0
2.4.3 SR B

Langmuir Al Freundlich & 7 25 I W B i £ 0 /&
10, B - e L A3 K, PB\PBS Xt Ph?" % #fr ik 21|
RFFAf A P Rr s A5 . 6 5 AT 1, Langmuir #5574
LA 752 1) R? E Freundlich #5589 8 &5 | iX 32 B Lang-
muir BERY B AFHAELA T IR A R . I, AR i Lang-
muir #5800 DA H, PB L PBS X Ph? Y f5c KW Ff 25
9 122.30,160.44 mg-g™'c 24 Langmuir B A o K,
{EA T 0~ 1, WIS N 5 T 3647, 107 PB \PBS 1 K. 53
514 0.000 18.,0.000 23 L-mg™", 3¢ W ¥ i 2= 49y 5 7% 1)
W ot o R AR A R AT, X P e W B R — 40
A B2 W T g 3l AR

TE Freundlich # 5 v | — JBEIA A n (BB, W,
B 25 B BB | 2 n Oy 1~2 B, W BRP A 25 5 B4 T 5 T
M /NT 0.5 0B e BEA T . AR 5 AT AL, PB
PBS W Ff 7 ¥ v Ph™ 09 n A KT 1, R B P A AR
Wy J5 1< 149 W ok AR A5 B AT, TE X P i W ok
PR R 250 1 2 WM, itk , PB L PBS A= ) )i
2 W BE P> SN B2 Ty R AT, W B e R B L) (]
#AT

R4 EWRR Ph IR B ) S R B S
Table 4 Adsorption kinetics model parameters of Ph*" adsorbed by biochar

H= W) e WE—2 8l J1 A 280 Quasi—first order dynamic model parameters #fE 2 8l 11 F AR S 4L Quasi-second order dynamic model parameters

Biochars Q./(mg-g™") K /b Q./(mg-g™) K:/(mg+g'+h™) R
PB 74.45 4.92 0.984 4 75.97 0.2302 0.987 7
PBS 80.70 0.45 0.9516 98.63 0.004 6 0.927 2

VI = QTR Bk, K Ay e — R B 0, K S v — 0 R A 53 5, R S AH G R

Note: Q. is the equilibrium adsorption amount, K, is the first—order adsorption rate constant, K: is the second—order adsorption rate constant, R* is the

correlation coefficient.

1% WHART]



iz 5 , 55 - VRS AR £ 2 A Wy ST (9 ) 46 SO P W B RE A 1095

- 1601

1201

o}
(=]
T

O PBS
A PB
Langmuir {557
—— Freundlich f& 7!

I
(=]
T

052 [ Adsorption capacity/( mg-g

O 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
SPflir e Equilibrium concentration/(mg- L)
10 Langmuir F1 Freundlich 45 24 25 33 IR, B} g £&
Figure 10 Langmuir and Freundlich model adsorption isotherm

fitting diagram
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(1)500 CHA T il & Hh B HEAR £ 2 A= 40 S5t o
2R G A ek S A BB AT SA F 1 628.55 mg -
g TG AR O B B A 25 25 A S IS ARTRLEE 700 °CL
JSEESHE] 90 min, BEBR L 1:3 .

(2) F A A e o 8 A= o e 2 1T 1 S i A
PRI (—OH) FIRk A (C—0) 13851k, B 5 A
HiF (—SH) | A %A % (Si—0—Si . Si—0—C) . PBS,
PB4 NPB HLAT B KA LR TR, 3 FlA:= 49 ot e W B 28
BEAK YK PBS>PB>NPB.

(3)PBS #y He 22 17 A5 L M FLAA TR % PB NPB ) i
I, LR B AR, HH B RAL , AL
AN, V4 W B AL TR
W2 BFFAS7 i, e P S8R B S

(4)PB .PBS W [ff Ph> it B 43 BT G 1 — % ME—
5 125 )5 R, PB . PBS XF Ph> AW fhF i Rk 20 it L BARY
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