Hans Journal of Chemical Engineering and Technology #t2 THE5HiK, 2022, 12(2), 116-124 Hans i
Published Online March 2022 in Hans. http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2022.122017

A FL BBt SR B B RS R PR
ot

RER, KWF", ARR, FLAE, BRLB, 22X, FHE, 0 4K

VR TR EMORRL S TR R, IR R B 5 o E B R A R, e R
ANFRKRY, LR KRBT el 5 R E e s, LR R

Woks . 20224F2 4210 FHER: 20224F3H17H: & A H: 202243 H24H

R

DURE PR SR K SR (MSPY A% , I8 /K R 4 T MSP@La O B EBEIR Il . RANEHMRIEETR,
FrBRERRL AN T0.2~5 pmZ [, £ZIMANHTHLa0: B BAEMSPEREE, BB EMFLBRE 5K H
R pHEFYIMR, #EpH = 9% T H| & HIMSP@La,0: L RE MR ]75122.17 cm3/g. BER R R
B, MSP@La OB RI & S5HMFEHN. BRFABRNERSBEKNpHEZRRAR, BEHRK
B11526.39 mg/g. VSMRIER R, MSP@Laz0skkHERER B L REAL 58 E W] 15 24.37 emu/g, BEid4h
TSR E RS, L0t LB 2 RIEHRF A .

X 5in
REVERBATT), SALHE, BERHY, REMERMER, SHRILEH

Phosphorus Adsorption Performance of
High Porosity Magnetic Lanthanum
Adsorbents

Zhanqun Zhang!, Liting Zhang?*, Tianyu Hu?, Gahan Zhou?!, Wenjing Houl,

Hongbing Danz?, Jianjun Li?, Yin Liu?

'State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mines,
Department of Materials Science and Engineering, Anhui University of Science and Technology, Huainan Anhui

2Shandong Provincial Key Laboratory of Water Pollution Control and Resource Reuse, Shandong University,
Jinan Shandong

Received: Feb. 21%, 2022; accepted: Mar. 17", 2022; published: Mar. 24™, 2022
IS

XEFI M sk HBE, KIS, HRE, FALE, ECHR, HER, 8%, XL LI SR M T B A I B R
W], 2 LR SRR, 2022, 12(2): 116-124. DOI: 10.12677/hjcet.2022.122017


http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2022.122017
https://doi.org/10.12677/hjcet.2022.122017
http://www.hanspub.org

iKATHE 5%

Abstract

Using magnetic coal fly ash particles (MSP) as magnetic core, MSP@La;03; magnetic phosphorus
adsorbent system was prepared by hydrothermal method. Careful structure characterizations
show that the obtained samples are 0.2~5 pm in size. Porous hexagonal La;03; completely coats on
the surface of MSP particles, and the morphology and pore structure of the coating layer is closely
related to the pH value of the hydrothermal reaction. The specific surface area of MSP@La;03 syn-
thesized at pH = 9 is the highest, reaching 122.17 cm3/g. Phosphorus adsorption experiments
show that the P adsorption of MSP@La;03 is related to the structure and addition amount of ad-
sorbent, the concentration of phosphorus, and pH value of the water. The highest specific adsorp-
tion capacity can reach 26.39 mg/g. The magnetism of the MSP@La;03; magnetic phosphorus ad-
sorbent is tested as 24.37 emu/g by VSM. Thus, it can be separated effectively from solution by
using an external magnetic field. The MSP@La;03; magnetic phosphorus adsorbent can be recycled
several times after proper treatment.
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KR EE SRR E R R KIS RS —. KPR, BEITTRNS B 5 KRR E B R
M BRI B FER A, SRS KA B A TR ILLN 1:16, FRIMLTEE & FRibi5 K B fE v,
PG RIX A R R R T RE N R 1] [2]. EIUA BRBE 2, WA T T 2R ERAYEET .
TR A B N s N B BB T R R 2 — o G BT R AR R S BB AR AT B AT R
E ] oML CHER T AL AL BN A 2 R0 0B ), AR oL IR B 7R AT o0 ik e
R3] [4] [5][6]0 UTHER, R BB I B 75 DRI R B e R 1 1 SE YA B ks AR, O
W BRI TR FA R B AL AEGOR AL/ 2E . /R sk AR, A/ = 7 B SR S
LA BB, B2 SIS 7] [8][9] [10]. 3, 47k . 48 713k 2 FLERAT R
i S A SRR R DA T 463 R A Jp B S A 0 S TR R B R R IR S O . AR, SR AL
EVIEER . TS B I T R A R . 2 LB S R A LRI, AL AR
BSF ORI R L, DRl R OR R AR B R B BR8] [9] [10] [11] [12].

Tt P 4TI D 75— 5 A ) R0 e 98 8 003 o T VB R 70308 5 SR I At DRGSR 5 AR K A
KIS ES, XA TCVE RO AT, EES A RIS Y, TR IR TR DAL . AR RIX
— R, AR B BOR SINHER R 0 S B B )6 v Ak R A B [13] [14]. BH T H AL
EWE NP UREYE, REVEARSS, DG FR 25 R O 5 & R s LR . REMERY RO — R T
T [ A K ) — RO SRR, T BER 5 . AR PRt s S5 Re s, DRI 76 B A
AR 5 K AT DA R 2 G sk 1) % S5 AN 7 LR [15] [16]0 SR DA AR ARA'E D il e Tl R B
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2. KBS
2.1. RF

SIIE BT FH RGP K M PR H R TG4 7 LA BRI A0 A IR A A BRI, B M7 AR A W R SR K S Bk AR
PP A R 1 FoR . AR IR AU (KH,PO,) s SALHH(LaCly) IR ERER(HCI, 36.5%)-
SAEMNPINaOH) I N v ali, Y E 25 TR A T A= . A Al b 2 i IR /K e il ik A2 A 19 FH K 38 o 25 85
FIKo

Table 1. Multi-element chemical analysis results of the coal fly ash and the ball-milled magnetic beads (MSP)
T 1. MR IREEIA R B R IR R (MSP R B TR L F TR EER

Eﬁﬁj\ FeZO3 SIOZ A1203 CaO MgO MnO TIOZ NaZO ,ﬁ\:’ﬂ'{_j‘

BRI 70.31 13.41 6.72 472 2.28 0.98 0.33 0.39 0.86
B wt/%
MSP Fiki  77.18 9.95 4.61 3.68 1.84 0.81 0.29 / 1.44

2.2. BEMEIREHFIRYHIE

1) s A7 2 SRER BEH LR PR K AE 300 r/min R EREE 8 h, Fr 750 K B BRBURL K] D50 428 4E 5 um
PAF o I fERIBE CXG-08SD B LML E ¥ MSP HEAT FRLIE, WA 150 mT, WA E#ATE MSP, 105°C
TEARTRH17]. HE 1 A, MSP B SR KBIERAEL, T A SRAE T BERL, BREND
RIS 7%, Hudn Gl .

2) B K HGEH & MSP@Lay05. FCH 0.1 mol/L G4k 5l 25 B /KIS W, 418 MSP:LaCly = 3:1 i)
R I SR B MSP Bk, FIEEALEETT pH HE 9 F1 10, o fiRk s B KRS, EHE
W 180°C RN 3 ho 4R 5 I WEEKG VR A W P AR RE M R 2 ok o R 25 B8 T KIS U 3 Ik, R
FRRS T NITE M, % pH =9 F1 pH = 10 FHIEREER 2 W H5id A MSP@La,05-9 F1
MSP@La,05-10.

2.3. iS5k

I H A Bid Lab XRD-6000 2 X S Ze AT A A0 AR i IR e A 2544« I H AR B 11 JSM-7001F 3
RO L BE(SEM) AR BRI A (EDS), MEEFE ML T ER /0. R E Lakeshore7400 BUHRZNHF:
A BT (V SMY) M4 b 1) S T BB R B o R B 5 9 58 70 T A AR PR A F1 A2 7= ) PLASMA1000 7 Hi Jk
FA S R SHE A (ICP-AES YK I 5 Tl 1R 7K ) e 5 5
2.4. BRINMHALE

AW TR ICP-AES ELAAG I /K P B B2, Aar U A1 S R O ARRE XS & B KRR EAT €A e B BA
TRIE PR S8 5 0 ) & B R K, A B 20 mg/L o RETETR AN IR AN & 1 g/L, 150 r/min T HLEHHEHE 3 he
£EB7 5 min $2H 1 mL L35, R ICP-AES I8 ) 25 26 B LU B
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3. BFR5WiL
3.1. BEMEIRFSRIRSs e SRk

1 4 MSP it fl MSP@La,0; ] XRD KEI3E. HEIAIEN, BAMER IR o &6 HER %5 2 iS4k
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19 2 BT S 0 s P A MISP BRI BT T B, [RIBT I T SEAb IR 5, X2 B T8 L& ) 6 2572 MSP R BT
o EFERERRZ, MSP@LayOs; 1) XRD #ErH L 1 5 AN AT S 7 HE i 3k s ). SRk PDF
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Figure 1. XRD diffraction pattern of magnetic fly ash particles and MSP@La,0;-9,
the blue rectangular arrows correspond to the diffraction peaks of lanthanum oxide

B 1. MR IR R Bk R MSP@La,05-9 A XRD 751 B, meERETLIETR
B2 S LI R AT 5TIE

B SEM HE 5 15 2 WA, WEMEN AR 8BRS J WL AN TR, REAR A3 AR AE 0.2~5 pm Z[0], AP
b MSP BURLR B, EMa M. T2 La0, 7#)5 MSP R 7 OEZ, MK AEESEAN
B3, A S R T BT LagOs 85 S A KA M AR AR BRI RE . X L6 ] 2(b) R 2(c)rTEAR I, 7K B
pH {E %} MSP@La,yO5 HIBML &5 K R TSR K. 76 pH = 9 24 FHl#31 La,0, 07 2 B Z L5
FAGER, T pH = 10 2614 T La,05 BN LN, X— 27N La’ B FEA FBRME S T R4S s
AFEAHZ. BET B E R, MSP@La,05-9 b MSP@La,05-10 FEfH BA HFEE SRR . ik 2
Fiim, —FH MR M8 122.17 m¥/g A1 24.39 m?/g, B & ZINIEH K 5 1% . BALAE WM MSP@La,05-9
7 0.38 m’/g Jik/N A MSP@La,05-10 f 0.11 cm®/g. HI T #Fh MSP@La,Os £ i AWK B 5215 28 141 #L8 £
IV 53R 25, U 3% S5/ rh B1EE KRBT L. MSP@La,05-9 F1 MSP@La,05-10 H-T- 5L 5 5k 4.57
nm 1 16.04 nm, HLEHHTH FLE 0 HHEAL TEL T, BASRMZRAEH. 4546 SEM 45, Xk
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PRREE M 2 MR T E LayO; E %R . fEpH = 9 %% F 1, La,Os K& AEKHERHE, A5
TERMORRIHUAR, PRI R T i BRI A 0 2 L e o e LR T ARG ) T 484 I s 4 sz . EDS 234
RYI(A 2(d)), PF MSP@LaO5 Fft AR L 7 8T 2 U, X Ui W] MSP &I 1) S B M i N L 54,
La JCE 5 Fe JU& ISR H 70 LEATZI08 10.5%, FATAR SN M0 LE BT AR, WTRE 55 #8708 Ak 5 Wit R AE
ISE A T AL

Figure 2. SEM image of (a) magnetic fly ash particles and (b) MSP@La,0;-9 and (c) MSP@La,0;-10; (d) Energy
spectrum of MSP@La,053-9
2. (a) WM IBRIFN (D) MSP@La,05-9. (c) MSP@La,05-10 B SEM Bl ; (d) MSP@La,05-9 BIREILEE

Table 2. BET nitrogen adsorption and magnetism of the magnetic fly ash particles, MSP@La,03-9 and MSP@La,0;-10
samples

2. WM IRKERIS MSP@La,05-9. MSP@La,0,-10 ¥ 5 HY BET &S IR Bt K2 i 1 4845 3R

e BET L& f(m?/g) BALA (em’/g) P15 4L 4% (nm) FeR AL 3R (emu/g)
MSP Fiki 4.66 0.02 18.63 33.49
MSP@La,05-9 122.17 0.38 4.57 23.82
MSP@La,05-10 24.39 0.11 16.04 2437

VSM RAE SR (WE 3 Fras), MS@LaOs Ff i B A B ok i % il 2k #i 1%, MSP@La,05-9 F
MSP@La,05-10 ¥ LLREAL 38 B 43 ik ) 23.82 emuw/g Fl 24.37 emu/g, £14 MSP Fikif¥) 72%, XAZEMET
MSP SEELE | La,O5 (FikitE), 43 MS@La,O5 K ity ML L7 3ol i 8. RIS 4n ik, MSP@La,0s5
W RS 750 4 T A SR 5 . v 2 0 B B2 SR, R - REBRAE 2 om AP BRI AR MK IR b A0 40 B oK
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Figure 3. The hysteresis loop of the magnetic fly ash particles, MSP@La,03-9,
and MSP@La,0;-10 sample. The insert shows the magnetic separation of the
magnetic adsorbent by a hand magnet
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3.2. RN BRI B AR BT 1 E

T R B S 56 R B, MSP@La,O5 X 25 i B 1 W Pt e U85 . W&l 4 Fron, MSP@La03-9 F
MSP@La,05-10 [ B &35 BH 2 i F MSP ki, X i B BB R B T La,05 B )2 . R4
T, MSP@La,05-9 It R e A&l 3 frow, FEREIREN AR, BRI S 38 IR, 10 min YR
AR S B ) 60%; W PR IR (] B I 40 min 5, BRI PR BERGEIESE, 29 100 min SRR, 1R
W BRI Ny 1 g/Ly W pH =3 2648 T, MSP BORGH 1) EL I B &y 2.08 mg/g, T MSP@La,05-9
1 MSP@La,05-10 [P B 43 73k £ 26.39 mg/g £ 14.28 mg/g.
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Figure 4. Phosphorus adsorption/time and pH/time curve of the mag-
netic fly ash particles, MSP@La,0;-9 and MSP@La,05-10

B 4. HEEMERERL . MSP@La,05-9 & MSP@La,05-10 &AL
W Pt &8 /Bt (8] K2 iR pH/B[B] fh 2%
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WEFRB, WP AN & X S iR K1) pH {EXT MSP@La,O5 W b 2SR 5 HAT BB, 4 &
S@FTR, MEBEEKIKREE N 20 mg/L 605 ~, BRI ELE 1.0~1.5 g/L i, kPR K. WK
WG B s, L B R o NS T AR FE B S, JE 8RB K 1.0 g/L B Z5 AN & . /£ MSP@La,0;
b B B PR E M ) R SR IR R, A ABTERR M S T R B R AR . Wl S(b)FTR,
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Figure 5. Curve of (a) influence of the MSP@La,05-9 dosage on
phosphorus adsorption; (b) effect of solution pH on phosphorus ad-
sorption

[ 5. (a) MSP@La,0,-9 MR M7 0 & 53 i IR M OS2 M 2% 5 (b) &
& pH {EXT iR M A0 S22k

T MSP@La,05-9 Fl MSP@La,05-10 1] La,O; (L7 2 iR 5200, MR bt e 2= 7 B S A B
AERIRTA, FhEA T 2 PR & S A A ¢ ([EARERNR, FERETR P2 & K 1
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30

EP/CENN
25 -
22U AEH
y —
—_ 3 Vi N
g 20 - —v—v—v i kaﬂ
£ BARIEIHR
A
15 |
g
=
§ 10
5k
ok
1 L 1 1 1 . 1 i 1 . 1 i 1
0 20 40 60 80 100 120
W B I ] (min)
Figure 6. Phosphorus adsorption curve of the regenerated MSP@La,05-9
adsorbent

6. B4 MSP@La,05-9 W B35 o ik IR R e

4. g

1) 38 KB T MSP@LayOs il 1 i W B 771 - La, O 10,78 J2 1 45 ¥4 5 /K 34 S B2 1) pH B 25 D1 %,
MSP@La,05-9 B A B /NI Z RALEEH, R A 122.17 mY/g.

2) MSP@La,05-9 M B AL T MSP@La,05-10, s v ELW I8 1) 34 26.39 me/g. M I 250
S B AL SR A5 2R N R B R K I pH (B SRR R K

3) MSP@La,O5 W 751 9 b R AY 5 15 7T 3k 24.37 emu/g, 38 i NG vT S8 s 25 v 23 8 5 0 3o i B
T BT SR ER S AT 2 IR .

eI
GG B IRFHEIE S (1908085 ME127); K22 AE G 1) Ml 4 % B I5 H (S201910361137); 4208 Tk
FINBRIE RS WL 8 BERT 7T BE R A T 6 BE B0 H (ALW2021YF11).
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