F 185 FE 20202452

;/T‘ fﬁ — gi é j& Vol. 18, No.2 Feb. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn G (010) 62941074

DOI 10.12030/j.cjee.202310136  HE42%E X703 SCHkbREES A

B DU T R ES AR AR X 7K v SRV IR R A

FRE, BE, AET, A, @, £ L

1 KRR K S F B, K 300457; 2. RETEHE RIS /b2E G508, K 300457; 3. KA
WS GE SBERHAR TP L, KE300381; 4. HrKAG 77 #1035 H BF 98 A R 37T 2 |l K2R S TR
e, KEE 300222

W OE UEKERHEME, 7E 500 C &0 F iR A& LY, 1 CaCl, %t Hitfrekts:, i SEM, EDS.
BET-N,. FTIR, XPS 2&F-Best YR sty SAUEAT TR . ad W B SR a i o 1 oA R xob 7K Hh Ui A R B i
AR R, PRI IR, AR AR KA EE R A RIS KT . 4530 . CaCl, BCbE(E KA W e
WRRARIRE T 137.57%, WELMAFLEIE I, 7k Ca® . CIE TAMM S . AR iaam s . Bkt . %
R BsF 1] 357 2 X5F A 4 e PO W B 1A RE P A 52 . CaCL, Bl 5 9 AR ) X B W B i - B4 3 T 46.6% Fl1 78.4% . UMEIG )
W (Ca-BC) J7K i BB 0902 B TE 454 HE 203 J1%; Ca-BC X2 A FIBE IR 5 A9 250 I N TE 454 Langmuir 57, 1%
WA R S B S 2, AR B R i Y SR . Ca-BC i JE R AR AR TR . B Fac i ML AT
TEI R F R K R

XKEEIE TR AWse; ABE; WO

FARPRSE 28 U] 2 ol 3 vl ™ A RO ER NS ™2, TR ER R F R A 5™ MR i A sl
YIRZENE . (HEEE 25T R, NRTR S AEASMERENAE A IR, KMEAMREALN o Al Ay il
FHRIAEAGHE . ST AR R el K IR A AR K s 80 A R . i i R A KA
Ja, WS ERURIRE BT, BRI S, *RIRRIE A, RORREMUKAS AR MEER, &k
s, B R A B IRV H 43RS KR rp R 58— BRI AR & S SRR
HRRCHE

AWt A LIS — 5 A FRAAUTPIREE T AR A B bl DR A8 s 1) BH 1 S e
HER IR NZE AR E SR, IR LR G R A LTS A, KA BN SR A ST R AR
GFRIREHIRTSE . AW RE SR S A ARG, TTERA PR SRt A A5 A RIS, e
PRI A HATAE A WA, DRI RS ZEAS IR A Tl P I B . Bk
UGG B AR E T2, KSR A R SIS YR o

FRER—FAE AR A 1, R EAR 20 4 000x10° t, BAFERA KR FRDHE
F, srEHRIRAERE, BERSE T BlOG5Ye TIMNEN, ORGSR RS R . KRR YRS 7 RS
S G BRI PR 2 RAFRISR CIARBTIR

AR TSR T b A B B Yy e, I CaCl, R BRI TR B A etk
Frett, T HIES AR, FHtt— AT FRGE AR T ALK A s = SRR ER (i F 1
SO RHAILEL, S A=t KBRS Fh R 5 A BB AR A SE IR el

1 MRERZE
1.1 SCIedRY
TR CRIFEF REET LX) VEABetil Y i JFR B, Bk — S8 (KH,PO,) . FfkEk (NH,CI) ¥

I B EA: 2023-10-25; R HEA: 2023-12-28

E—1EE: W (2000—) , Wi b BF S, csl180598@163.com; RBIEMEE: A W (1973 —), WL, R # =,
yanbo@tust.edu.cn


mailto:csl180598@163.com
mailto:yanbo@tust.edu.cn

482 ok L B ¥ W 18 %

hgkati, JoKEAE, (CaCly) Aortial, s3nlil T IREEAHCE R TR T, K b2, X
A K2R A TR AR . SERHK I R B K.
1.2 YRR

V) AWl g . FAWIEARRE K, TR ESIE, (ORI R, FEfERAHS I fE
a5, SRIEETF SX-12-10 F=CHEEY Atahil Al AER A RRA ) N, 500 C 54 T 24# 1.5 h, 2R
J& . FRREREEE, BORISRIFER LR KRR R Y e iR, B 60~100 HAEYI R FREEMSN, B
TR PR

2) HEWIIRIE e . ARZALBREY A R AF SRR R T B S /U, H AR RV R I R R A 22
I, SPEYIRIATIE VR, B E BIAE Y (BCO) AR BE BTk (2 g #H 250 mL 7K), 7EZIR
M N HEBE P KB PR B VA TC6, [ 0.45 um JERECE, SRENSUEEMAEY K, BT
120 C HEEP T 2 h J5, BeE T TS PRERH, HEAYsach BC,

3) ARt o SR IRA B R £ ) B ROEAE R EA TkerE . E 2 mg L' 9 CaCl, Bl
VAW, B 0.3 g BCO fA 20 mL BESHHS, A 3 mLCaClL ¥, FeorEAla it 25 C ifEIRIR 4%
o, BB 200 rminT' A TR 24 h, SRR ETOKIRE ZWIEDEG 0.45 pm JEREIES 2, 7E 120 °C
PR 2 b JECE TR IR AR . et A Ca-BC FR.

1.3 MRS REEHINE

XTCPERT G AP e R RS THAL T T . SRAHE T B8 JSM-IT300LV, HAR) WFFREs
FRMIEA, X HLAEIE (EDS) X A=W et 17 o0 E 81 4 A o B 3 1 AL A4 BET(Micromeritics
ASAP2460, ZE[) MERES LRI SFLBREEH) ;. FT-IR A HEM-LTAMEREY (1S50, 2E1) 43074 et
BHREA, X GHRATEHMY (XRD, Rigaku Ultima IV, HZS) X AW R AT IAE 04T s X S48 6 H FRETEY
(XPS, PHI 5000 Versaprobe LI, HZA) s B REHIF S & &

1.4 RRISCEE

1) N[ [ bS8 . B Rl B A R A 250 mL AR, 3 RV L4830 0.1, 0.5, 1. 2.
5, ZBNMA 50 mL B E A 50 mg- L' 9 KH,PO, A1 100 mg-L™' Ay NH,CLIER, IRAHE), RIFHA
25 CHE/KBIEZ 2 LL 180 rmin ' 7% 24 h, FIREL 045 pum JE ML 38, M2 98 b R 4%
KH,PO, fll NH,Cl FTiRIE, 3RS T A ot 2 R sFcR, i i L

2) ekt frf s, Br—E AR AZ] 50 mL & 50 mg-L ! ) KH,PO, #1 100 mg-L™' f% NH,CI I#
WHIRATA), BT 250 mL #IERMN, SRIGTE 25 C R IRZ % LA 180 rmin' 43543 10, 30,
75. 120, 180, 240, 300, 480. 720, 1440 min J5HUH, 4 0.45 pm JEMEIEUE, I I8 H R R4 1)
KH,PO, 1 NH,Cl e EE, I AR R A B e e, (0 P sh i g 140 & b A W e
[ B B0 T3 2R

3) SFIR AL, W E NH,CLB R (LA NTH) BRER: 1, 2. 5, 10, 20, 50, 100 mg-L™'; &E
KH,PO, iy (LA PIH) BRI 0.5, 1, 2. 5. 10, 20, 50 mg-L™'. HAREAERINI 8012750560

4)NH,"-N e B I e R N FCGGR RS, IO Kl 420 nm; PO, -P s B A e R
BRERHU TS, W R 700 nm. AP EBEW SRR O, Fow, ITHRA N (1) P,
KAHE—R s J2eiml (X (2), sl Ji2aiAl (X (3)). Freundlich #5%Y (3 (4)). Langmuir ##Y (X
(5)) XTSRRI TG
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K, bC,
Q.= 1+K,.C. )
K C) WWIRABR IR, mg L™ C, AWM A AR TR, me L™ V RERIAR, L;
m NI, g5 O, MWBE, mgg's O, MIRN ¢ BRI, mg-g™'; ¢ ARVATE], min; K, N
WE—RBN )12 RNGER R, min™'s K, AHE RS AR5, g (mg-h)"; K, A Freundlich %7
PTAGREG L NSRRI T b MBI, mg-g's K, Langmuir BRI TR 4L

2 HR5TH

2.1 FARIERAE

1) SEM HLEE5T. SRS E S BCO. BC #l Ca-BC IHIDESME 1(a)~(c) Bim. FILAEH
TR YR BA KIS LIRSS, ERTBUR, SORA L s AT LRI, Bk, K
2BV IR (BCO) LIRS Pl AT BB A ORIy, ml A28 il 2R Koy, T Uk
JE AR5 (BC) fLIRZSHA R G, LA A LIRS 28 Tt Ia R e, FLIms i
5 Ca-BC HURAEIRUATSER_F B ARE B/INIALIA , Aise EIRRR T A2k imk B AR A s 4k, iz
PIBXT KA SRR R O R 22

B0 n B i e N . 20 Tm
i el N a7 i

(a) BCOFYSEMAE (b) BCHISEMI] (¢) Ca-BCHYSEMIE|
1 SHREBHEMIESE

Fig. 1 Electron microscopic morphology of biochar

2) EDS 77, X SHERRIERTAEMIR TR TSR ANE 2(a)~(c) B, 3 14 BCO, BC. Ca-BC #rkt
JCEEEM. TTER], C. O TERAEYIRMNTEEICR, FRSAMER K iR, RN EYRAEZT
THUERISME G RO R & & 0 kA, R RS RBRM BRI M, C BRI, xR
JCREEARN, 1 O, K GRS EBEZ AN Ca-BC MEHHEL Ca, ClITE, C. K LR iHAH
N FR%, 1 Ca. ClJCRSHASTHN 1:1.63, #EHEI/RGIN 1:1.84, $k 1:2, Ui CaCl, eI
RIS AEA Y b

C C C
Cl
W 2 PR
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AEH/keV A /keV BEH/keV
(a) BCO (b) BC (¢) Ca-BC

2 BCO. BC # Ca-BC HIREIESHT
Fig. 2 Energy spectra analysis of BCO, BC and Ca-BC
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3) R m A, fLie. LB IR R AL #1 BCO, BC, Ca-BC TESBHIT
WR Gt KA S L 2 T AR TR R 52 i) 2 R o6 590 7 PR 42 Table 1 Element content analysis of BCO, BC and Ca-BC %
fiE. W% BC Al Ca-BC Y N, WRH-FHhk (41 3) e c 5 " o o
ANV R ERARSE, B 2 MBI e e
BEEA AL, 2 MAYIRA LA FLES A A Be 026 930 a4 B B
AT — LT/ T 1 nm, AR PRE ' ' '
Ca-BC 87.19 9.50 0.65 1.01 1.63

BT, WL 2 kA Rk I B £ AT A X — 1 - —
M. FEAIE PP, IXE}, BC 1 Ca-BC WEBHHER &, e R
RIS Y Ik T T LA s S

PIP, IXHE, N, WM A, 349 MBC 1
FFLN R AR K TANRER, BRMfLOMUAAEE 00 goeoec® soaee®
VFZ LA o PRIZA: W e W - B il 287 1 R % Sof
THR B IR, UAEH 2 R AR IR A FLA = ol ﬁ
B8, A8 PIP>0.9 I, N, W BBt i 73 75 1 =
Tt GBI U 2 — R AL, S [ eweseccsscmeseererrononnes
h T HE— 25 R B RAL R KON, T = o0p e =B
Barrett-Joyner-Halenda(BJH) {25Horvath-Kawazoe 10} —&— Ca-BCIR[ff
(HK) BALAMTH A LR A, 74 R it s
| BC fl Ca-BC fLA243 i [&] (1€ 4 Fl&l 5), T 002 04 0608 10
BC 5 Ca-BCALA MM 25 M, F % fh sk fr MXIE TS (PIF)
0.8~1.5nm, HLZAFUBRE, 5 N, WEBH-BER 2k B3 WK N, IRAHHA
e BC LAl FEETTE 1.1~1.3 nm, Fig. 3 N, adsorption and desorption curve of biochar
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Fig.4  Pore size distribution of micropores Fig. 5 Pore size distribution of the micro-

and meso-pores in biochar

WL, oD, BRI, LR/ MERS IR ZE >, 5 Ca-BC MrPfLALAR EE4E
0.8~1.2 nm, 0.8 nm ZbH BRI, FEEFLAERR, FLAESMARELE 1.2 nm AR BIEE G 2 EnEl . 5
BC #ilt, Ca-BC #FH# 0.8 nm LA 1.2 nm FLIHEINZ, BITFFLBARRR ARG K, il BC g st q
LT KEALEEH, CaCl, X FAKEAEY At TeletEn] DM AL IE 5 R .

HLA 5 R R LBRES 8 () A= i Ak i A B B LB SRR, SRR LB T, Ca-
BC EA L IRFLERSS M A KA He R A, ik 2 s IR, Zdsthh)n, AW R (Seer) A
66.37 m>-g ' HEANF] 157.68 m*g™', HANT 137.58% . fHALILEREFL (Syuee) M 53.58 m*-g ' H4INE] 124.05
m*g 'y AEMIRILE (Viyo)0.040 ecm®-g ! #8HKF] 0.090 cm® g ™!, W HAFLILE (Vi) M 0.027 cm®-g™!
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K 0.065 cm® g ', Ca-BC Y Sy, THALEEH
FLAARFEFAH BRI KT BC, 5 N, WZFH-E ph

w2 EMRGESH

Table 2 Structural parameters of biochar

HHERZEIR—2, 1B CaCl, VIO A= ety edet: St S . e
W RN, MEESE, BERIN T KA e (m*g™") (m*>g™) (cm*g™) (cm* g™
Yk 0 FE R TR LESHE . o o vk P S A A BC 66.37 53.59 0.040 0.027
S EARE MY, BEE S A YA R 3G, Ca-BC 157.68 124.05 0.090 0.065
LA AR T LR, R 2 R LAY}
3, JERCEZ A HFLRRFLEY, M Ca-BC (U454
AT, CaCl, SRR IE T R K0
AL FLESH R R -

4) FT-IR ff B0 5ME & 73 Fr . BCO. BC.
Ca-BC DI LY 24 h &5 ieket: e Ca-BC1 1Y
i B 2T AMERE AN 6 FiR o 4 FlvA: 4 A
3426 cm ™ FRHEL T SERIRIEE, AR
T T LL-NH,(Z ) F-OHGRHE) M, aTAmER
NG IE VRIS B9 AE P HO R IR A MR AR T IX el
SR JE/INIREE R, T2 e RN B U s A ke
RIS Y IR e, DAITTE YR . el RHR
V) Rl WO o 259 T S A 0 e 3 T -NHL, (R 3 ) -
OH(ERY) Srimk Al WA ERIAE 2927 cm™
H12 847 em™ b HHBRMSCIG ,  TRH A e 3 T A
TEREIE-CH, B, 4 FhA Yy iz s FE AR AU RN, BB A P e 3 Ve NSO I R sl A L3 1 1) -CH, it
. R T A R T R B TR A — e i

1 580 cm™ WA (C=C) fXFI&, 4 FpAYhcAeizAbigss AN, Ca-BC Fll Ca-BC1 IE5H /Mg 14
5, LR R RN B 2 (A= W e R A C—C FEHT S HEHIN. 1693 em™ 4bfy C=0 FILACFIEIX [A]
(1 680~1 720 cm™"), FILEHAI FAAILA R, 5 BCO A1 BC Mk, Ca-BC 1 Ca-BC1 7ELLALEE H
U L0 I AC P AR B A= 4 i B T SR SR AT S B N . 1 255 em! A AW F R A W e T REAFAE RS,
Bk, BEEH C—O B C—O—C BEiiiRsh, 870 cm' BT HIFBRIRES C—O FRAFMISIE, (R R
TAFAE/ D ERRIRES Y, 802 em ™' AL NFHEAR iy C—H Z5 RSB, 745 cm™' FHT HERGUIL PR IEIA X . 2h
PR W) i e A g 5 58 /DN B2 38658, AR CaCl, oM S AR W e e i s B G AL P L5 20, R e A W e e
500~1 600 cm™ JEFEIN AT UL, SARMBCHAEYIRAEL, X )R 25 SERE A G 2408 ik, 5
CaCl, BRI T A e i Z2 R LA B AL A

4000 3500 3000 2500 2000 1500 1000 500
WeH/om™!
Ee6 HEHRBEMHLIIMLIEE
Fig. 6 FTIR spectra of biochar

(I BB G R PR PP ATt B L

A/ MG S IR, e Rt Bttt V| S PP
FERTRBREYIR AT NI, KA FIRRAR S

R

5) XRD #5834, &l 7 5 BC fil Ca-BC 1Y
XRD j & . Al W, BC Y Ca-BC ¥ HA fiksh
¥, BC 5 Ca-BC ¥J1E 20=28.22° 30 T Jbifiist
W, UREA 2 BRI HAT A gl ik A L
W R £h 25 PY, Ca-BC 78 1 Ab 1) 117 5 1 5k )3 LE
BC B 880, HHPL CaCl,(29.28°) i i, #ik
TREL IS ZIRTEER ) (40.37°) TSI LL R iieiidis
£ (45°~50°) fyINRBIRTSIEHIE, Uil Ca-BC #H
BT BC, AWhEREME A mRER A CaCl, i

M%%W”WNN
\

o
R

I {CH,0)aICaCO
CaCO,
TaCT T X
1l 1L 1 C70
10 20 30 40 50 60

20/°)
7 BC 5 Ca-BC B XRD i£f&]
Fig. 7 XRD patterns of BC and Ca-BC
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Phedk, IR T AIRERL WLy, CaCl, Cls

B B A ) S R AR T T R P AR A A AL os

BAY, e CaCl, X KA 5 e Bt

VEE T AR A2 T B TR AL T

ns Ca2(;a2p Cl2s
6) XPS Z554M7. 4] 8 itk BC 55 Ca-BC Aﬁﬁ@mwwwwwﬂﬁrp

(49 XPS S IEl. RTLIE Y, BerERT g FAR S

RIMEE Cls 1 Ols L TFRERE, BUYT C A e e
N S N Zh'm He

O TR FZH Sy, 1M CaCl, ekt s

TR A B BB L R Ca Fl C1, ik B Fl8 BCS Ca-BC ) XPS iEHE

CaCl, W%, 5 EDS Mrss i —%, O & Fig. 8 XPS peak spectra of BC and Ca-BC

&, ULEHAEY R, AR TR SRR BB S R, S LT M E AT b A SR SR AR b
JIIEREES 27 N
2.2 [EREE XA 407 I B S A O 20

FEATRI R L % Ca-BC Fl BC A T2 A MR ER R B E0, TRFFRCRANIE 9(a)y~(b) im. X st
HJGE ALY E AR B ASCR AT UL, B AT 3 K, BC AT Ca-BC X AU A W FFTASCR S R S e it e ek 559
o HIFE 0.5 B LA FakBIG(E . EFER LR 0.5 B, BC X2 Z FIBERR 5 A% W it 4050 R 18.47
mg-g F1325mgg"; Mgt CaCl, M), Ca-BC XFa ZURIBERRER (FINE B4 BRI % 28.03 mg-g " 0
8.96 mg-g™', Vi CaCl, BEREA RN F A YRS T /K H R A B ASCR

35 ¢ 30
30 25t AR
55 7 vl
~ ~ 201
=20t o
o en 15
i S|
104
5t 51
0 0
0.5 1 2 5
[ L W L
(a) Ca-BC (b) BC

9 FEE&LET Ca-BC #1 BC X REMIRELERR PSR
Fig. 9 Adsorption effects of Ca-BC and BC toward ammonia nitrogen and phosphate at different solid-liquid ratios

2.3 AR IR RS AR

1) ePEAE Y W B B B 12 45 0T . 43 BI%E BC Fll Ca-BC 2 AR b AT T W2 it R i 50 1275
55, AW — G B 12 R TG, W Bl 12 A IR ZE LI 10(a)~(d), R EIRHLASH0L
%3,

F L 10 AU, SCPER IS A A e Rl S R R TR P W B AR 2 TR s TR g s g 4 fn - AE 0 X 1
AR FBERRER B FE 53R 2 BB e PR I B B B R S B B Bz . W0EE & 10(a)~(b), 300 min F,
BC XiF 2, & s R 0 1 18 oAb TP sk i o B B, 300~600 miin PN, W B B e 2%, 3 AME s B, 7
600 min Z 5T, ARNHHEE. & 10(c)~(d) i Ca-BC X T2 A MBERREL AW i A2, Al LIFF)
180 min PN, Ca-BC XiF R FHALFHE BB, 7E 180~420 min NIRHIRZEHE A2 BB, I
1E 420 min J5E W TR E IR BIR M T4, 456 SEM FIFURILAMT, Bt a isEYim b mpus R, 14
TR G2, Ca-BC XA HERS ST PRIA RIS, PR BN [ BOFEI B, P ff it
R
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— WE—E I {ngfjmi
- - - - k=R
10 I\ 1 1 1 1 1 1 1 I 2 1 1 1 1 1 1 1 1 1
0 400 800 1200 1 600 0 400 800 1200 1 600
t/min t/min
(c) Ca-BCXI R A 3l 12 (d) Ca-BCXHARRER R M 51y 772

10 Ca-BC. BC X ERANMELE R FHEN N HRE
Fig. 10  Adsorption kinetics of Ca-BC and BC to ammonia and phosphate

% 3 BC #1 Ca-BC XMz 122451E
Table 3 Adsorption kinetic characteristics of BC and Ca-BC

) HE—93h it R 1% HTR
WIS
OJ(mg-g™) K, R 0/ mgg") K, R
Ca-BC-N 27.49 0.027 0.874 28.456 0.0019 0912
Ca-BC-P 10.03 0.030 4 0.864 10353 0.005 8 0.904
BC-N 19.34 61.6x10%  0.860 22.80 3.0x107  0.826
BC-P 5.46 0.0129 0.779 6.00 0.003 1 0.727

NREL SN 1405 AR R B b O, WL, AR Ar Zoasd eiOME Je % SRl e ) R o B
SR, o & AT R R0 19.36 mg-g ! BN E] 28.39 mg-g !, WERAEL A M 5.46
mg-g ' WHNE] 9.74 mg-g™, AT 46.6% F 78.4%, VEEAAMIR 2 AL R X RURETS YL i B HG
SRR, HWRKHS AR EME 4. X Ca-BC Fl BC BYM & s 4T3 124G AT LA 1, BC MR
(&l 10(a)) FIEERRER (] 10(b)) B9 B e 1 — 2 sh )1 S# A B B df i 3Rk, AHOC R BT E] T 0.860 F
0.779, BT 2RI A HISE R, i BC ST R E IR SR A S AR LIy HOh 3, A=
PRSI T X B A O E TR R TR 32 B Tk B 2227, Ca-BC XA (] 10(c)) FIBFRER
(1 10(d)) 1A B 1k —G 8l D124 FE 2 8 123 Re A G, EHE = 1A A AR 4, G
FER S3HEE)T 0.912 F10.904, HE—2sh 1Al USGAFLIATE, UM EIERURE FAc i SV EH, SR
RAF5 TR R A2 R DA OGRS, 3588 BC 28 CaCl, seME)S . S oRBACPERT B2 M i B 5 Y 6
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HLHIARE, Ca-BC S/KHEBEZ AIA Aol bl T gE &= A St Bl b 5™, &8 B NH, 78
FECERE B RS iR A B B AR W e 2 K b NH, N B EEHLEI 2 —BY,  Ca-BC By FT-IR .
XPS Fil XRD i EIARG I £ 5 48 B RET ARSI L K. Ca? B REATAE, i Ca-BC XTR A MIAL2A B - 25
BN FASif R LIU A58 9T & BUK ISR T ) Ca? g5 OH FIBSIREESS A TE RIS KA1 (HAP) Uil
FBRBERER, A Ca-BC ZBRBAIRER A b Al B B A AT EH]

2) RO A 0y e W o G 5 3R e B ASE LA A A o R A IR I B S B 4 SR, 435314 ] Freundlich Al
Langmuir S50 M AR TG, SIRMBHLAE I UL 11(a)~(b), IIESEILE 4. WE 11(a)~(b) i
IR, RGO R A R W R R B N R, ARG R R, Ca-BC XA
WA B RICRERLT . Ca-BC XA SR LA 45 R 1T UL Freundlich J5 21 Langmuir J7 FEESA TR EF-H94
GROR, MEZRB R FRIAENT 09 LI L, HEZ T, Langmuir S8R0 SRS SOR T, XA FIBER
R EER I S A A SE 224k R? A0 HEAS] T 0.999 F1 0.971, #EHH Ca-BC X Tk e A MBS Eh 1y Wb =2
KSR, BRI BRI, RIS, W AR AR R 32 MR Langmuir S5
W BRI RTS8 Ca-BC X7K & A BSR40 107.68 mg-g™ A1 11.28 mg-g ™'

30 - 10 b
25 + ol
= 20 F =
hd o gL
E g
< S 4l
S oo} Ql
5L 7 2r L e -
4 —— Freundlich%4 i W%, [ 55 750 — Freundlich%4: 5 M, B A5 750
ol ~ - Langmuir iR ol - - Langmuir:iii % HH#
0 20 40 60 80 100 120 140 0 10 20 30 40 50
C/(mg - L) C/(mg - L™
(a) Ca-BCX 28 2 M i 25 £k (b) Ca-BCHF ML (W Ff 25 iE 4%

11 Ca-BC &G FsELth s 8 IR M43t

Fig. 11 Isothermal adsorption characteristics of Ca-BC to ammonia nitrogen and phosphate

#* 4 Ca-BC MRBZFEWFIFFE
Table 4 Isothermal adsorption characteristics of Ca-BC to nitrogen and phosphorus

. Freundlich J5 2 Langmuir /5 72
Y READ
K; 1/n R b/(mg-g") Ky R
Ca-BC-N 0.559 8 0.825 0.991 107.68 0.003 0.999
Ca-BC-P 1.745 8 0.47 0.906 11.28 0.126 0.971

2.4 SHEAEYIRAIRFEIRIIEE

ARSI A B SRR D R AN TR], R R I B R oA BIeANI] 388 AT LA o
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Table 5 Comparison with other modified biochar

15944 =PRI e e OJ/(mg-g™" 230k

P MgCl, ki 32.01 [33]
TS H,PO, B 3.97 [35]
AR FHERGFT MgCl, R+ 31.15 [36]
P H,S0, 25t 5.19 [38]

Tkl CaCl, 2t 107.68 KRBT
P MgCl, ki 109.57 [33]
P MgCl, 2B+ 317.09 [34]
R ER 5 STy MgCl, R 56.54 [37]
FORAEFT CaCl, IR 33.94 [39]

5/ Ot CaCl, 1235 12.18 BT
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MEREF= A=, FTLASERR AN ] A= Pk AW R 22 S R R4 X T 5 o
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3 4
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MHIE R G R 125, (AR B R R S AT S S 2, RIS B R Ao, Bk
VIR RO, BT aSHR eBRAK T NH, N ) B2 AR FALH > —, ST 3C i s ORI Ca™ RENS S5k

FRERLE G TR FDTTE ZRWEIRE . Ca-BC W AU FISRRER A5 S-S A ML B A5 Langmuir 25350 FR
&ﬂ,wwkﬁﬁﬁﬁ$%¥EWWp%ﬁascﬂﬁ%%%%%%@%%ﬁi,win%%o

& F X i

(1] FL45. & EFRAK R E S KA R 9 W FIFSE [0]. e b fE S3RARHE, 2021, 2(7): 59-60.

(2] 3clkar, 2PHR, HERET, 4. stk n B e BRI 20 (0], SRERHE, 2015(6): 255-257.

(3] A3, Xz, o, 5. EREREASIT CHRMUR Y. B A HUTMI K s Y R4 [0, WIARE, 2017, 29(1): 69-77.

[4]  QIFJ, CHEN L, MA JR. Current situation and prospect of reclaimed water reuse[J]. Applied Mechanics and Materials, 2013, 2301: 295-298.

[5] KUMAR S, JHA P, BAIER K, et al. Pollution of Ganga River due to urbanization of Varanasi: Adverse conditions faced by the slum population[J].



490 ok L B ¥ W 18 %

(6]

(7]
(8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]
[20]

[21]

[22]
23]
[24]
[25]
[26]
271
28]
[29]

[30]

(31]

[32]
[33]

[34]
[35]
[36]

(371
[38]
[39]
[40]
[41]

Environment and Urbanization Asia, 2012, 3(2): 343-352.

SEPEHRI A, SARRAFZADEH M. Effect of nitrifiers community on fouling mitigation and nitrification efficiency in a membrane bioreactor[J]. Chemical
Engineering and Processing - Process Intensification, 2018, 128: 10-18.

IMHERE, 258, XITEAR, 55, A PIRMARHE KU DTS Y IR 3R PG BRIk (1], BRBER: 5 HIR, 2021, 44(01): 170-180.

AHMAD M, LEE S S, DOU X, et al. Effects of pyrolysis temperature on soybean stover- and peanut shell-derived biochar properties and TCE adsorption in
water[J]. Bioresource Technology, 2012, 118: 536-544.

CHA S J, PARK H S, JUNG S, et al. Production and utilization of biochar: A review [J]. Journal of Industrial and Engineering Chemistry, 2016, 40: 1-15.
MUK, BRAGSE, 0510, 5. SR BRI A W e ot DUBRER AW B PERERIT ST (1], Al FRERL 22241, 2023, 42(7): 1585-1596.

BRI, SR, B, . PRt M R SR RAE SN MIZsk (1] TR BtEE, 2023, 41(1): 55-63.

TRHH, b3, 2T, S5 BECHEAE P aonl TUBR R B 7E 0], FLARE B4R, 2022, 44(12): 6-12.

TLCHs, &1, T, 4F. TSR 2 YR i) o4 B O BLHEAT 23 Yt B RE (7] AL TR, 2022, 41(12): 6489-6499.

SRR, 24U, R, 45, FRGEME K AR B ki a7 A (] AL 28R, 2009, 60(2): 465-470.

YUAN Q, LI X, YI C, et al. Efficient toluene adsorption/desorption on biochar derived from in situ acid-treated sugarcane bagasse[J]. Environmental
Science and Pollution Research International, 2021, 28(44): 62616-62627.

Warst, R Uk AL AE YR A il o5 e FER K p UK R W BRI BE AR IT (7). SRBERL2-244], 2019, 39(12): 3973-3984.

SREN, T, TR R, 5 SCHAE Y AE A SRR AR K TR AN SR S BRALEI (1], Th E R EERRE, 2020, 40(12): 5280-5289.

TREVRR, T JRR, S o Rt T DA A SR PRSI A ) A B T RR AR PERE (V). i AR AR, 2021, 21(7): 794-806.

T, R TL, AR, 2. REPEAE B K R X i SR B AR B (] P IR, 2019, 39(1): 170-178.

ZHU X, LIU Y, ZHOU C, et al. A novel porous carbon derived from hydrothermal carbon for efficient adsorption of tetracycline[J]. Carbon, 2014, 77: 627-
636.

LI Q, MU J, ZHOU J, et al. Avoiding the use of corrosive activator to produce nitrogen-doped hierarchical porous carbon materials for high-performance
supercapacitor electrode [J]. Journal of Electroanalytical Chemistry, 2019, 832: 284-292.

JEHOTE, 21, SR, S, GRAOR BRI I S5 RAE A AT (0], I ERAG #2541, 2007(5): 717-722.

B, XUIEA. LM GREE 2 IX (1] A B2 2 Be 4R, 2006(3): 336-337.

ESE, BRE, FRU, 5. SRR A Y 5t bRk 2 ARRR AW B (] rh L BREERL, 2020, 40(10): 4488-4495.

PR, FARR, BRIAE, 8. 654 0 M ESHREAE B R AL B XRD S0 L], Stk 56 534, 2016, 36(10): 3355-3359.

A A, WA, FEIR. BRSSPI B I R T R AR AR S HLH (0], SRBERLAE, 2019, 40(6): 2783-2792.

AR, T, SRR, A UEE M T R K T R A R YR S HLIE (], R EEREEREE, 2021, 41(12): 5688-5700.

FHIE. AW T R R B R AR 54 (D] Jb st sh M BR: dbxD), 2015,

DENG W D, ZHANG D Q, ZHENG X X, et al. Adsorption recovery of phosphate from waste streams by Ca/Mg-biochar synthesis from marble waste,
calcium-rich sepiolite and bagasse [J]. Journal of Cleaner Production, 2021, 288: 125638.

YIN Q, LIU M, REN H. Biochar produced from the co-pyrolysis of sewage sludge and walnut shell for ammonium and phosphate adsorption from water[J].
Journal of Environmental Management, 2019, 249(C): 109410.

LIU X, SHEN F, QI X. Adsorption recovery of phosphate from aqueous solution by CaO-biochar composites prepared from eggshell and rice straw [J].
Science of the Total Environment, 2019, 666 694-702.

G, BRAR, TR, 55 SRR Pt K DUBRER BB AR (] Al FREERL#25 41k, 2021, 40(1): 194-201.

GONG Y P, NI Z Y, XIONG Z Z, et al. Phosphate and ammonium adsorption of the modified biochar based on Phragmites australis after
phytoremediation. [J]. Environmental science and pollution research international, 2017, 24(9): 8326-8335.

T EBE, ZERMG, TR, A BECHE A M SRR R R R B (7). SRR, 2020, 41(4): 1692-1699.

Z9EMy, TE3E, HRRIA, 45, Wl BRI AERAE K H s WM FIFSE (0] BRI TR, 2018, 36(1): 42-46.

JIANG Y, LI A, DENG H, et al. Characteristics of nitrogen and phosphorus adsorption by Mg-loaded biochar from different feedstocks[J]. Bioresource
Technology, 2019, 276: 183-189.

XEE, XK, 2B, 45, — 0k E Mg Bob: TR AP 5 W TR EL 5T (1], KB EEAR, 2021, 47(4): 35-39.

KA. P A R K P R T B LD, oM P R2r, 2020.

FCH . MRS AT A W K T B R R U PR R 4 B S ALIRAIFSE (D PRI MR Tl K%, 2021,

TN, XIFE, B0, S, A5 1 2 PR AR KRR A AR = A R IR T it e (0] AR 24, 2023, 25(8): 1789-1798.

JEURCEE, /NG, SEmEHE, 45, Ce-BDC ATA BRI BR B RE SALEE [T]. BREE TRE#41, 2023, 17(10): 1-10.

(TG4 )


https://doi.org/10.1177/0975425312473229
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.cep.2018.04.006
https://doi.org/10.1016/j.biortech.2012.05.042
https://doi.org/10.1016/j.jiec.2016.06.002
https://doi.org/10.1007/s11356-021-15128-2
https://doi.org/10.1007/s11356-021-15128-2
https://doi.org/10.3969/j.issn.1000-6923.2019.01.019
https://doi.org/10.1016/j.carbon.2014.05.067
https://doi.org/10.1016/j.jelechem.2018.11.013
https://doi.org/10.3969/j.issn.1000-6923.2021.12.025
https://doi.org/10.1016/j.jclepro.2020.125638
https://doi.org/10.11654/jaes.2020-0803
https://doi.org/10.1007/s11356-017-8499-2
https://doi.org/10.1016/j.biortech.2018.12.079
https://doi.org/10.1016/j.biortech.2018.12.079

%24 HRRER S B RS A X K b R B 491

Adsorption characteristics of calcium-modified corncob biochar for nitrogen
and phosphorus in water
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Abstract Biochar was prepared by pyrolysis of corn cob at 500 °C. The biochar was modified by CaCl,. The
structure and composition of biochar were determined by SEM. EDS, BET-N,, FTIR and XPS. The adsorption
properties and influencing factors of modified biochar toward nitrogen and phosphorus in water were studied
through the adsorption experiments, and the adsorption mechanism was analyzed, which will provide a reference
for the application of biochar in water treatment. The results showed that the specific surface area of corncob
biochar increased by 137.57%, the number of micro- and meso-pores increased, and Ca®" and CI™ ions were
effectively attached. All the initial solution concentration of nitrogen and phosphorus, the ratio of solid to liquid
and the adsorption time affected the adsorption performance of biochar. The adsorption capacities of nitrogen
and phosphorus of biochar modified by CaCl, increased by 46.6% and 78.4%, respectively. The adsorption
kinetic behaviors of nitrogen and phosphorus in water by modified biochar (Ca-BC) were consistent with the
quasi-second-order kinetic model. The adsorption isotherms of ammonia nitrogen and phosphate by Ca-BC
could be consistent with the Langmuir model, and the adsorption processes were close to the single molecular
layer adsorption with physical adsorption as the main one and chemical adsorption as the auxiliary one. Ca-BC
removed nitrogen and phosphorus from water through van der Waals electrostatic interaction, ion exchange and
chemical precipitation processes.

Keywords corn cob; biochar; nitrogen and phosphorus; adsorption
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