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WRE, O TimRRE, B BRIGRAT AAR . BRI/ B A NINELRSE R ATAE A URAR
. ST ESRIOERE R IR BN 2kt . PEREDLSR AR BRI R B L B
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FER SR Si0,. ALO,. CaO. Fe,0, %, Bditkuk, & EEMABHEAFE-T 72107 t, HLL 6x10°%~8x
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HREIE 97% . AT LU ORI TE oL, IR ST AR AR BRREEE R L, 2R
. KIS Tl Al . UL, B FIARTE TR I RRRAIER , FEIb PR T i B T[]
HALHREVEAR (Fe,0,) , HEMAREA K™Y 2 PTa BRGNS A1, AL S REPEARFN WA AH PR
SR o WA AR AT R R AU TR [Si0,] RSN DU TR [ALO,] 1Y —ZEHESREEM, k. AT
SEUARRASIEAA e, BABRE ORI -E S RIS IO, T TR AL R imeR, i
REPEARNIREAT B Tl

BT, AT REAT A7 2R Te SR A RO RSR], SIEH SEE A D PHIA B AR Ep QA LTS G
Yy, BETISYWIA TR | WA, . ROVIREE . pH (ESEWR AR X F RS ] B R
KRBT, I BRGS0 1R AR Y RERE P A B F RS A P B A A5 W B ASE
TAIMBY SR, 455 N, WBRIZR . Zeta HUAL, MEHLMFZIAMERS (FT-IR) | X HZOCHETHENT (XPS)
FBL, M TR AR USSR A7 W PR SE RIS P B B SO REAL, DA AT A o e SR B A
FATALPRENGE KR EAHE T

1 MRI5EE
1.1 SCEGRRY

SR P AT AR B AT (g, K =1 FRERA. FRRUAREMES AN FAER
w) , AR E R ER LA R A F Table 1 Chemical compositions of coal gangue, red mud and
CLivs, A ), HARSAZH AR 10 K sURkE magnetic zeolite
F 105 °C B T4 24 h, 2Ef7EEREHLH R LA

VB 2/ 180 H i, 3l iod i ST BE K AR ARk T i Si0, ALO, Fe,0, CaO NaO Others Al:Si
B A o AN, ARSI R R ’
(HCl) . S & fL8 (NaOH) . WP 2L iE
(MB) FIZFHH B (RhB) ¥ 504740,

1.2 EWHE

1) Wha A BHCT AR ST A . A8 . NaOH #/18 Na: Al:Si BE/R I 3.6:1: 1 ¥WAJIRA, TN, <
A 600 °C K5HE 90 min, N, Yt ly 0.5 L'min™', ¥EIEZERAH; Kehibeavkbl 52817k Na: H,0 &
IRHE 2.8: 1 1RA, FIRHBFEMRIL 12 hy FRERMRNET, F 90 C /KM 9 h, RIVAEHRGARHEE
T, B, KYE, T80 °C TR 24 h HIFSREE A AVkA .

2) WeRHSEE . LA R R A P B (MB il RhB ) Brifil AR 0. o BOR [A] B i
WATE T 50 mL AL, SREIRECHE S A LA ROR AR pHAE, TARFNREE T HipE s — i if
6], S EE A e ISR CEEH T 664 . 552 nm K FillE MB 1 RhB IFIRATOGIE . Z 2
FE & (MB, 025, 0.625, 125, 2.5, 5.0, 12.5 mg; RhB, 025, 0.625, 125, 2.5, 5.0, 125
mg) . WMWK E (MB, 25, 50, 100, 150, 200, 300, 500 mg-L™'; RhB, 1, 3. 5, 7. 9, 15,
20mg L") | WRBHREE (20~50 C) . WRF pH{E (3. 5. 7. 9. 11) . WZEAFE] (5~120 min ) XFARFHEL
RV

TELFII R AN RPBCR AR IR (1) AR (2) 3153

o= G=CIIV W

m

JEAFA 46.06% 21.33% 2.85% 1.40% 0.45% 27.92% 0.54
MR 14.32% 18.50% 28.21% 13.97% 6.58% 18.41% 1.52
WA 27.38% 20.16% 24.15% 8.69% 13.10% 6.53% 0.96

R= COC;C x 100% Q)

0
K g, Rk B0 B 7 I R &, merg s Cp M C, R s M) 1k Jow £ Wk JRE RN« I 200 Jo s TR T
mg L VFORERAVAT, mL; m FRW SRR R, g
3) WRRHAEIR LR . FREUREME M A 50 mg, 43N A% 50 mL W E N 25, 50, 100, 150, 200,
300, 500 mg-L' Ay MBH1 0.5, 1. 3. 5, 7. 9mg L' RaBIFEW P, TARIEE (20, 30, 40,
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50 °C) W 2 h, ROWASHET S, MERAROGE. 15 MB Hil RhB W& g, FIRFMISCE R, #17
Langmuir 11 Freundlich Y% RIS,
Langmuir B BRI SN (3) Frs.
C. C. 1

G _C 3
qe qm qln KL ( )
Freundlich YW fHEERL SRR N (4) P,
logg. = logC. +logKr 4)
n

e g, TR E, mgg'; C, FoRMM I BAEPEMrRS, FrliA R i ERE, mg L™ K Fn
Langmuir WA 221, L'mg™; K; 3/~ Freundlich WEEAFRSAIAIIR I H4L, mgg's n PR
SRR ARG E AL
4) W Bl )5 . FREUEE MR 300 mg, 435 in A E] 300 mL i B2 100 mg- L' 9 MB Al
5mg-L™" () RhB A FERN, FARRRELSEEE (5. 10, 15, 25, 35, 45, 60, 90, 120 min) , ik
WA TH g MIBHRCR R, SA—Hah 1A TR . SR 123l A Rt o3 5lansX (5) &
(6) Fi7ns
log (4.~ 40 =1080x, ~ 351 5)
t 1 1

— s —t 6
gt k2 Qiz Qe,2 ( )

K g, FoR  ZIWM R, mgg's O., FoRFIAHL—FOR M EE T BT A AR &, mgg's & R
P—GEEFHE, min'; O, FoRilI I —GOR R BRI R, mgg ' & WIS
2, min™',
1.3 othaE

KH X J5 6% (XRF, Simultix 12, Tokyo Rigaku Co., Ltd, HAZ mEfbastibk24t ) X
SRR A . AR SR A B A A T T SR XOBTERATSH ( XRD, D2 Advance,
Bruker, {EEAE 5w U AF ) XTEIZ&@@%E%*H@EE&??MB"J, MRRSF: Cu ¥, Ko AT9HR, HIE
40 kV, HIJE 40 mA, FHHHHR 8 °©min™', 2Theta JEHR 5~80 °; RAFHE T 2% (SEM, S-3400 N,
Hitachi, Ltd., HARSAE HSLHIWERT ) XREMEA OISR ORI ,  FE AT E Tt S e SR
YRR ( ASAP 2460, Micrometrics, 3¢[EZZ e BREnE (AR A F] ) XTREMEDEA . W MB. RhB Jat
ARG NL-WR B R EA T, IRt 120 °C B AbHE 6 h, MHKEE 77 K SRALAMT IE5
FeREET (UV-Vis, Shimadzu Ltd., HASEHALER AR ) M W FRTEwcH I 568 . PP B ot
H, K50 664 nm, 552 nm; K zeta B (zeta, Nano ZS 90, FEED/RICAH] ) MERGHERR AT
(FTET LT, WA BB R TR 40k 0.1% HI7KE, 0.1 M HCIL, 0.1 M NaOH #i747 pH {64
1~10; RAMHEML NGRS (FT-IR, Nicolet6700, ThermoFlsher EEFEER I RBHEAE]) e
W AT SRR AR LT AMETE , A KBr R, %K 400~4 000 em™, 73HF% 4 em™; SR X G40 T
AEISY (XPS, Axis Supra 600 W) , Shimadzu Co. Ltd, HASEYYERAF]) BRI EAEHRTER
A, MHASIE: AlKa X SRR (1486.6eV) , =il

2 HR5TH

2.1 HEMEHARIE

R BRI RAET AR A i BRA 2T, Z0 Ak 1 R 1 20 ik 1 AT, MR EA 32
SiO, 1 ALO; 4%, 4N ik 67.39%, kLl 0.54; dRIBALZEA R ALO,. SiO,. Na,0 fi
Fe,0,, F/Er 510 18.50% . 14.32% . 6.58% M1 28.21%, FHEH A 1.52. 183t B A S M ARETE 4 H
FEAFAN N ALO,. SiO,. Na,0 Fl Fe,0,, /A 20.16% . 27.38% . 13.10% 1 24.15%, 4
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Fig. 1 XRD pattern and SEM-EDS images of magnetic zeolite based on coal gangue-red mud
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Fig. 2 Pore structure properties of magnetic zeolite based on coal gangue-red mud
fELEHR 0.96, Z551A] 1(a) WAL TR ITZREEM A1 £ A B4 (Na,,AlL,Si;,0,427H,0 ) FIfEHE
Fe,O, W4 & 1(b) #EMEWS A FERL ) SEM-EDS, 5B RAR K/ N — 1 37 7 B0k 55 R/ N
Kl 1(c)EDS ZRit—L R WIS TR ML A R0 S 32, T 1(d) SRR INBRELL Fe, O, h o
2 s A i N-W iR th 2 SR A, tI&l 2(a) AL, IZREVESEATEY N, MOBERHhZe 2P0 11 A
MR hZk, FEA H3 Bl ER, RS T BA L4549, 850 Brunauer-Emmett-Teller ( BET ) &A1
BASRH RN 47 m> g #] 2(b) /22K H Barrett-Joyner-Halenda ( BJH ) &7 A5 2 RE 61 AOFL
B, LR TE, M 0.8~187.5 nm, HAHHFLAIES AT 1.09~1.36 nm!"™,
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2.2 B EEEX R 3 A IR RS ER AR 0
S A FE R BRI IR . V5 YR B v i . WS . IR pH (LW FFRCR s, &%
WOt 3. 4 s,
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E 7 160% g —=— P {60% ¢
Il = =l R | X
g 50t = £ 50t £
=l {409 & = * H40%
& 40 - {EZ 40 - |
! Pl " sl \
: —a—gHReR  120% z 120%
20F 20 ]
10 I 1 " 1 " 1 " 1 " 1 " 1 O% 10 1 " 1 " 1 " 1 " 1 " 1 0%
0 50 100 150 200 250 0 100 200 300 400 500
B/ (mg- L) e /(mg L)
(a) MBI (b) VAU
100 100% 100 100%
90 - 90 + |
gol ® * # b {s0% g0 L /:‘—‘—‘ 480%
‘OIJ + T!JD |
S0k 2 70t ‘/:%
E T 160% % E — 460% 4t
= 60 = = 60 =
o[ = & Y
= st = Z 50t =
X L 140% X H409% =
& 40 & 40
"ol —a— S F ol e TR
: —a—RlR  20% —a R 120%
20F 20 - ]
10 1 1 1 1 1 1 1 0% 10 1 1 1 1 0%
20 25 30 35 40 45 50 2 4 6 8 10 12
R/ C pH
(c) WL RHEREE (d) " pH

B3 WRBH AR MR 0 IR M I FR AL 4 REAORZ

Fig. 3 Effects of adsorption conditions on adsorption performance of methylene blue (MB) by magnetic zeolite

HE 3(a) 5K 4(a) AI%N, BEEFFIGIE RGN, @A X MB Fl RhB 97 b 5 2 B s
KIgaTrRuE ks, TR, RIBEY HORm R R eI ER, PR A R BRI B 755, W
N, U RS, DRI RO E, PERICE PGS Y B AR A Py 2 T AL N T
W R, ORLN Y R N RS, IR FRRCRIE S T, B MB R RhB YIRS R B R3S, 1
P A T A A N, R TR, TR ST NS, Hih, X MB B 27
100 mg L™ ISAZIRFIEI, X7 RhB AWZRHTE 20 mg L' SAEIRFIERT, VLA 3(b). &l 4(b). %4500
ME TR AR, WA R A K m IS YES S 0, RS IR L2 4 T MRk,
WA RR, V5 UYIBNRERI T, Ak, PR 2 G B A B 25, X MB I
M T RhB, XAfig5 MB A1 RhB 431 RO R/NZER EHEAE (MB 43R5 0.59 nmx1.38 nm,
RhB 73T R 514 0.98 nmx1.50 nm ) . HiI&l 3(c). &l 4(c) AT, B EE S BRI sEm4s /N, bt Wz bt
IREEH 20 °C FHE3) 50 C, #EMEIRAXT MB. RhB AW FRCRIEARGIFAAE , RIZREM A X Kis b
BTGRP SR IR R BT T BT pH (AR, REPERRAT%T MB . RhB AR 4 5 P
N S PR E ke, (OSBRI A T2 5. 76 pH EAERE, REvEss AR mar b, SIERm
MB. RhB MJ%, WHBCREAL; FiE pH (EE—2E1EK, Rt a R m g, s s 51ER
MB. RhB %56, WMEEREARIY, JF PaRgsR, Jaascm s SR FHIREE A A 100 mg L™ A9 A
43505 100 mg-L™" A% MB A1 5 mg-L™' ) RhB 7O, BRI IRRCRSHA 83.29% Fl 68.6% .
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Fig. 4 Effects of adsorption conditions on adsorption performance of Rhodamine B (RhB) by magnetic zeolite
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Fig. 5 Adsorption isothermal model fitting curves of MB by magnetic zeolite
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Fig. 6 Adsorption isothermal model fitting curves of RhB by magnetic zeolite

B R T T 09324~0982 6 (£ 2. 3) o &4 KRB MEWE A XF MB, RhB 1Y W B £ 72 31 45 &
Langmuir Z5E W SRR, SRR A X MB . RhB (W B T80 T2 W BT Rt A ft e R o
Wi T RFRREE T S R AR T T pka g, (B IIRREANI (2, R ITIR XTI S A s RN, 5
FRPECEAR—2

BEAN, AHFSE A B RGP A G S A P B IR R AR R 2 5, X MB B R FH
90.61 mg-g !, PhTF3CHIRE (£ 4) ; MiAPERT RhB S KWEMHE N 6.07 mgg™, 5 CHRIGETAAE 2B
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&2 HAMEHBAXT MB HIRMIS SRS S & 3 HiMEHAXT RhB HRMIERREIE S
Table 2 The adsorption isothermal models fitting Table 3 The adsorption isothermal models fitting
parameters of MB by magnetic zeolite parameters of RhB by magnetic zeolite
Freundlichf& 7l Langmuirf 71 Freundlichf& 7l Langmuirf# 7
e gl
n K, R an K, R n K, R @ K, R

20 C 1.99 26.89 09541 90.61 038 09901 20 C 3.33 2.54 09324 6.07 0.73 0.986 9
30 C 1.92 26.55 09957 90.39 041 0.996 5 30 C 3.45 2.69 09521 6.82 0.67 0.989 6
40 C 1.46 2831 09754 91.51 0.44 09815 40 C 4.76 3.26 0.9812 6.95 0.51 0.993 5
50 C 1.11 2038 09774 91.17 026  0.9899 50 € 5.88 3.54 0.982 6 6.98 0.54 0.9937

(£ 4) , AR SUENORFLESHTERARSC, AU hREEN A fUIARREY N, RhB 7T 2
TALIEETES [ AR AR
T4 FAMNKERDLREENS A B HIIRHHEREELE

Table 4 Comparison of zeolite and its adsorption performance for organic compounds in aqueous solution

A2 Sger/ (m*g') V. / (em®g?)  Dmm AW g (mgg') KR
A 472 0.12 119 WL 90.61 ARBIFFE
WA 472 0.12 119  ZFHUB 6.07 ABF Y

KN AT 20.00 4.598 1924  ZFHIB 10.53 [16]

CTMAB-H ik A 19.38 4.456 1948  %JIHIB 7.95 [16]

BetaZlWh A 5 AR 249.62 0.246 24 % PHHB 64.47 [17]

NaP 16.90 0.124 4 1458  FJHUIB 15.92 [18]

EMRZH 4 5 1 39.38 — — ZFHyIB 18.96 [19]

R 32 0.12 — SR 20 [20]

Na-P 82 — 11 RIS B9 9.6 [22]

A 18.166 3 0.88 20.02  HIEEEE 16.973 [23]

X 373.845 0.1112 2.88  EHIAEEE 41.309 [23]

Y 386.714 9 0.203 375  WHEE 49.266 [23]

2.4 WRMIENHFE
RGN B 77 TR . UG BBl 12 7 R I MR A TS b, AR IANIA 7
K8 R, MG ZSHILEE 5. 6. &l 7, 181 8 nlMI, FEHEWMIE 4, #ErESs4%T MB F1 RhB
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Fig. 7 Adsorption kinetic model fitting of MB by magnetic zeolite
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Adsorption performance of coal gangue-red mud based magnetic zeolite for
dyeing organic compounds
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Abstract  Magnetic zeolite as a kind of environment-friendly functional material is widely used to treat
printing-dyeing wastewater because of the excellent adsorption and easy separation & recovery properties. In
this study, coal gangue-red mud based magnetic zeolite was used as adsorbent to adsorb methylene blue and
rhodamine B, respectively. The effects of different conditions (adsorbent dosage, initial concentration, reaction
temperature and pH) on the adsorption efficiency of methylene blue and rhodamine B were investigated. The
adsorption isotherm and kinetic models were used to fit the adsorption data. Furthermore, the adsorption
mechanism was explored by N, adsorption-desorption curves, zeta potential, Fourier transform infrared
spectroscopy (FT-IR) and X-ray photoelectron spectroscopy (XPS). The results showed that the adsorption
efficiency of magnetic zeolite for methylene blue and rhodamine B in aqueous solution was significantly
different. The maximum adsorption capacities for methylene blue and rhodamine B were 90.61 and 6.07 mg-g ™",
respectively. The adsorption process of methylene blue and rhodamine B by magnetic zeolite conformed to the
Langmuir isotherm adsorption model and pseudo second-order adsorption kinetic model, indicating that
chemical adsorption existed in adsorption process. Combined with the characterization of the adsorption
mechanism, it was found that the mechanisms of magnetic zeolite adsorbing methylene blue and rhodamine B
includes pore adsorption, electrostatic attraction, ion exchange, and hydrogen bonding.

Keywords coal gangue; red mud; magnetic zeolite; adsorption; methylene blue (MB); thodamine B (RhB)
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