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W E OBGIYER (DFC) /R —F I (35 2475 Gl | F A R85 sl L bl A W e A R 2 A | 28 K285 £ e 3 A
VETE 6 AT IR FH FH B 7 3 1 0 4 700 7S e 3 = V8 fb 4% (HDTMAB ) Bl 9 58 i A (M) 6238 A il (1)
YUK R (nZV])  AF B HLECE S B 1 B R AN 2k (H-MnZ VD) G808, T 25K iy DFC.F
X HHEATHHYL (XRD) LR (BET) X & A A BHIEAT T RAF. 25 R R, /£ XRDIElGE T 20=44.6° [t
BT XN T Fe® AOAT 16 IEWT nZVT 8 A0 612 T Mt |3 #E 0.5 CEC .1 CEC.2 CEG BCPERY Mt H 3% 1hi AR
1 49.40 m™ g™ FF&H 20.86.21.27.26.06 m™g™', H Mt FJFLA2H18.01 nmi¥ K] 10.93 11.60,12.40 nm, FF i
T nZVI G283 Mo R sk )Z 8], 4758 755 AL R, SR AL R 325 FEAS T Mu.nZVI il H-Mt+nZVI
BEMBN DFC Y ZRE0R , (5T 45 5 R B, Mt Fl nZVI X} DFC A BRI MKTF 20% , B &1 B%F DFC 192
R B 3G K Wk 90% LA b A MR DFC Y B 4538 T 28456 Langmuir 1 Freundlich SFRARRY | 1 [} 5l
J1EF G FRE—E) ) R AR 1A P S A i e SR A S AR R AN (1 CEC Mt+nZVI) W
DFC A, A0 R BT 35 1922.78 mg kg™ , W P-4 A 1] 930 min. B6 ] H-Mt+nZVI & -G48 A] I T K 44
HLG YY) DFC R H i 5.
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Organic modified montmorillonite with loaded nano
zero-valent iron for removing emerging pollutant diclofenac
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Abstract: As a typical emerging pollutant, diclofenac ( DFC) is difficult to be hiodegraded and
transformed into the environment, posing a potential hazard to human health. In this study, the nano-
zero-valent iron (nZVI) was loaded with montmorillonite ( Mt) modified with cationic surfactant

cetyltrimethylammonium bromide ( HDTMAB) to obtain organic modified montmorillonite loaded
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nano-zero. A valence iron ( H-Mt+nZVI) composite is used to remove DFC from water. The
composites were characterized by X-ray diffractometry ( XRD) and specific surface area analyzer
(BET). The results showed that a diffraction peak corresponding to Fe’ appears in the XRD pattern
near 260=44.6°, which proved that nZVI was successfully loaded on Mt. The Mt specific surface area
modified at 0.5 CEC .1 CEC .2 CEC decreased from 49.40 m™g' to 20.86,21.27,26.06 m™g ™", and
the pore diameter increased from 8.01 nm to 10.93,11.60,12.40 nm, because the loading of nZVI
onto the surface or interlayer of Mt, occupied part of the adsorption pores of Mt. At the same time,
the removal effects of Mt, nZVI and H-Mt+nZVI composites on DFC were compared by batch
adsorption experiments. Evidently, the removal rates of DFC adsorbed by Mt and nZVI were less
than 20%, and the removal rate of DFC adsorbed by composites increased to 90%. The adsorption
isotherm curve of the composite material to DFC accords with the Langmuir and Freundlich isotherm
models, and the pesudo first order model satisfies the adsorption kinetics better. When DFC was
adsorbed by montmorillonite-loaded nano-zero-valent iron (1 CEC Mt+nZVI) with 1" cation exchange
capacity, the saturated adsorption capacity was up to 1922.78 mg - kg™'/and the-adsorption
equilibrium time was 30 min. It showed that H-Mt+nZVI composite could rapidly/and effectively
remove the emerging pollutants DFC in water.

Keywords : modified montmorillonite, surfactant, nano zero-valent .iron, emerging pollutants,

diclofenac.

ITEBAESk MR TES R AAE VY S5 ALg” RS 3y, 259 A1 A9 #5 ( pharmaceuticals and
personal care products, PPCPs) X8 #2415 YLy 5 | R fhdk 285 XU 32 2] #Ok ik 22 12 PPCPs B T
AN NRNES Wl K 10 450 2t f 1T, L AR A 0 B3R A R v /K A 3R 58 4 KB e 3O AE R B TR AE A £
FReetE 4 4 PPCPs "IN 25 sl N 2GR & 22, 8 WM A5 R S IR B 4 25 B 3 B R 2Y
FIPTANAR 2555 A= B AR DT 2 25 DU OF R (diclofenac , DFC) /1 LRI i) PPCPs , J2— M T AE TR LR
AR S AT A B 25, B R i PR RN A M RS 1 | 7T BB 7 AR e 2 M TR X A A B 7 A
FOHHT, DFC ZEBE 25T L 2 N A ER AR AR B2 940 «7V.DFC &) 2 AR TS K b BT
IK BRI K K SRR KA SR TR N A ST

BRICRTIZAEE T BAR AL HAARRIES M MIGE, B 215, 580 RS A FIEES 59068,
AT R 5B B S R GO M 8k (nZVD) A A PE BTG IR, A PRAR K
WeHLAL E°(Fe™ /Fe)= —0.44 V, BA BORIIEJFRE ST, vlR 4 s PEIUT 22 b HE T 305 00 4 ) 8 4 1ok
FTUBEARFR T, 346 7T DAKE A ML 34 T3 e At il (8] = S TE LA ™ R nZ VT AE R BR KA Y5 e ) )y T
A Z BRI TS H nZVI B A5 3E LAl By 3 i — s G, O B2 5 Fias SRR b YT U
B, TR T nZVI BSERSRE J7 SR L T6 %, BEAS T nZVI 2632 PRI5 Y B IR R 25 4 &
I, nZVI SEAT RO | Sk H O s BT R k. 0 W S A R BB AR b T ORAIE nZ VI B [ A R
DR WG 5 R E M, TR AN HE B 141 3R i) e o HG v HA W BT RE 0 0 AR LR SR AP A, 2 R IR TE AL
TR RRAR/INT 2 um (S KB AREERR ), AU R AR AR SIS AR KA
W SRR IR LA A R 1Y L R TR URIT LA (0 I BRI (ELR B A B, 3T e, A
FEERE B T LA et 2 nZVI SR EBRTS YW, TR A ML G i 22 B B RSO
U, A5 2438 FH S AT (montmorillonite, 3024 Mt) S A T4 HLECHE I 13k nZVI ZLBR/K AR B 2405 Ye
DFC, 5 FH PH & T 2R G k7 /b ik = H R AL 8% (HDTMAB ) 2icPE M, AR SO il 5 0ZVI FR i AT
Ta, DB =52 Bk DFC.

1 SEHGHR 43 ( Experimental section)

1.1 MRS
5 M A1 (montmorillonite , K10) 5 + 75 % 5k — H FLyR AL 24 ( cetyltrimethylammonium Bromide , 99% ) 14
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F Adamas-beta, DFC(C,,H,,C1,NNaO, ,98% ) , i T Sigma Aldrich, DFC fif 5 ¥ P #8 2l /K e 1 , 4 2 Mk
1) DFC Y57 fitd 25 WU R B T 4. JC /K S8 AR 8k (FeCly) (1L #H (NaBH, ) (. JC/K &% (C,H;O0H) iR 4R
(AgNO,) HIEE(CH,0H) S 4k% (NH,Cl) \HE (CH,0) Bk (C,H,,0,) (EEALHN (NaOH ) #4453 #r
afi W E 2 4L .

SEEGANER AT R (JY 10002, b i RAFAEMRA BR A\ ) g IR G4 (MX-RD-Pro, [ 3 RHY
R ARRAT) BB sk s (KQ-500DE, B L ii#E A U #s A R A ) B O HL(X-15R, FEFE )L
T R SORAR AR (1260 Infinity 11, 38 ELHE(R) 2R T 1ML (SCIENTZ-18N, T Il 87 2 A Rk
et A BRA T ) R IR S XU 4E ( DHG, AR BT S iR PRA D) 25 T 146 ( DZF-6050, I
g BB E A PR A A ) NG5 2 I i sh i P A% (JJ-1, RO AL 25 A BR 2 R ) 8% 3 22 ( BT100-
1L, PRJE AR TR A FRAR]) (X S ATEHL ( XRD-7000, Shimadzu ) | b2 AR K LB 23 74X ( Gemini
VI, 26 B 22 5 XA A E]) A HLER AT (multi N/C 3100, FEE R AUER) .

1.2 i BH B 38 4 i i I

ST PHES T 52 it (CEC) B 52 JE AR [ AR E SY/T 5395—2016" " I8 SCHk R T AY FE A1 F
BT, B L BRI PRI Mt 20 g I AFR BN, TESATERFE T 65 °C 1124 h JUH e T as
5 ARECE R HETRES 3 g A 3 4 50 mL B0 b AN B0 A 4 B ITA25 mL 50% C,H,0H
VSRS Ve TS £ 25 AE R IR A I L% 5 min, [ L 7253159 ,3000 rymin”™' 5al> 10 min, 75 LI,
FHAEKHBE 2—3 ARG B BE 1 B4R BUK (0.01 mol -L™' NH,Cl+50%. C,H,OH ) % 25 mL, it iR &
30 min, BT 8 &0, (1 H 7840 384 Yk H 3000 r-min™ 8.0 10 min B EVEWRAE AGRFEA, B 2 1K,
RIGINE CEC

BRI 9 L3S 25 mL T 250 mL #EIEHE T B, A 35% ()b CH,0 % 8 mL, i A
59 0.1% By BEFE /R 18847, S B 0.01 mol - L™ A NaOH 18380 5 , V8 W 1 TG (0 738 Wl s 21 €0 3 Fa
30 sANAHR €8 BRI R 200, 10 FERER V, 5 U BB ( 0:01-mol - ™' NH, C1+50% C,H,0H) 4% 25 mL F
250 mL HEJE AR, 4% IR R E VR T A 0 T ARV, e A SRR 3 ASEATRE  THRA R

C(NaOH) x(V,=V, )XV
EG=
mX Vi
A, CEC A5 i, mmol ¢ 3 C(NaOH) A S B AL AUV FE  mol « L™ ym AR ST, @ Vi R R
BORARFE , mL; Vﬁjﬂﬁ%mﬂflﬁ'ﬁg H, mlL
1.3 A LSS A B 625

Mt £ fdf T HEA SR T84 T 65 °C T4 24 h, LIBR LA AY/K 4, FREL 0.5 ¢ Mt Il A Bl 45 119
AT 0.5 f5.1.0 f%.2.0{%H) CEC (id~ 0.5 CEC.1.0 CEC.2.0 CEC, ¥ E /3%~ 9.6,.19.2,
38.4 mmol - L) [)25. mL. HDTMAB ¥, RS IR & _EIRA 4 h, BUF #E 30 min, F 3000 r-min™' &
O 10 min, FHABZEK PRGBSI A ] Br, SR 5 T2 VR TR AL AR I 08, B0 R 85, 4 310 45 )
0.5 CEC.1.0 CEC 2.0 CEC A LM S B A (4395124 0.5 CEC Mt 1.0 CEC Mt 2.0 CEC Mt) il T
SO
1.4 A HLECESE A RGN i &

FREL 6.23 ¢ FeCl, % T 200 mL @B 47K H, mH A 2.15 ¢ 0.5 CEC Mt, % & FHiFE 20 min. H4
7.56 ¢ NaBH, ¥ T 200 mL FE4E7K , FF sk b v 1 m 2k % s 2832 0 A R TR AW, A A 38 A
SOEAWIBEFE N 78 B 5 AR S FE 20 min (AN B B B AU AUR BN AT ), 1R R0 445 Rl ik
4000 Gs 1) Nd-Fe—B 18653 25 B W, ¥ Bt AR FH 0K QP 3 OF B T 5 THRFATh T &
FT 1.0 CEC Mt,2.0 CEC Mt FUIMA T RS B ffE—80, W E T

4Fe™ +3BH;+ 9H,0—4Fe’+3H,B0;+ 6H,+12H"
1.5 AHLECHESE A A K AN R n R AR

It X AT ET R A TR A AR ZE AL ISR Cu B8, FH LR 40 KV, I 30 mA 4
B4 0.020, FH BT 1) 10 min, £ BE 47145 75 Bl 100—80° , T AE & S 83 AR AE & s T T 3 180 FR 43 BT )
(BET) S FAERE 10 2 T8 R FL R 235 4 25 0 B G, A 2 DA 0 o W R B () B8 s 22—, IR 4% 1
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300 CAM 2 h; BA VLRI T (TOC) J&—Fh7E Sl ™ AL RN A HLTS R R BEf5 BT 7 A 1) CO, 5
22150 CHFBRIRERMEASEIT ™A1 CO, o, BRIV AT HILRR % kW 2 1« 353, A HLTS G R
850 °C,2 mol - L' LR MR PR ILAFE .
1.6 SEE TR

A ML S AT 5 3R AN T 2k (IE A H-Mt+nZ V1) F T 2Bk 4 DFC (82838 1 Lok 52 56 47
FEAHSZER M 0.05 ¢ nZVI 0.5 CEC Mt+nZVI, 1 CEC Mt+nZVI 2 CEC Mt+nZVI fil A 10 mL ¥ JE A
10 mg- L™ DFC ¥ W ( 52 56 25 12077 /K o XU 25 TR 1 e B35 R A6 T 552 s /K 4+ B9 R B8 A ng - L' —
pg- L AKSERB)) 15 mL BB BSOS T EE R 25 °C, pH (M 6.56, 3% 60 r-min B SR &
s IR A AN E AR B 3 7 24 S8 T2 1 25 °CF, DFC W3R e M 10 mg- L™, 5 i 52 )i s ) Sy
nZVI(8—96 h) .0.5 CEC Mt+nZVI(5—360 min) .1 CEC Mt+nZVI(1—60 min) .2 CEC Mt+nZVI( 10—
360 min) ; W FFS5EIE 528G T2 IR 25 °C F, M08 DFC ¥ 1AW B (5—100 mg- L"), WEHAF R 1 CEC Mi+
nZVLAFSE IS G50 G SR B0, #3R 3250 remin™ M7 B0 AW ZS ST 0.22 wm B8k UE, T 4 C 14
FEREAIAT.
1.7 ¥k

VW R A DFC i B 3 3 = SS0RORH € i A o0 BT, VA W TP A ML 5 3 ek A3 AL 43 AT S 2
W B 8 3 2 5 3 2o o — G Bl ) 2R e sl ) AR R W 1 R A SR

In(q, —q,) =Inq, — k¢
HE s J1 2 T BRI AR A KRR N

1 1
= 2+7t

4 k. qe

A0 NIRRT g, A ¢ BRHEIRS I MR m ke sk, o, R 1~ AR, mg- (kgh) ™'
q IR R mg kg

I oY 45 T S B B8 8 i Freundlich 3% Langmuir W25 A AL HEF T34 | Freundlich 5 Langmuir
O B SRR T DL Py B«

Freundlich . g=K-C "

Langmuir; q.=b-q. - C/(1+bC)
g, J AT R mg kg C R N R mg- L7 s q, IR R A mg kg™ sn, K, b
A B T

2 R 51718 ( Results and discussion)

2.1 ZEWA BH B C s 1 2

K 25 5 iR E Mt 19 CEC, F 3R 1 A 20, JHAE R NaOH KRR 18.3 mL, MR 52 315 Mt 19
CEC 4 0.96 mmol -g™", 1 KARSZE M AT A BH 25 F- 28 ¥ 5 7F 0.80—1.50 mmol - ¢ Z [H], L BHINASR ) CEC J&
Al Y.

®1 FATHFE NaOH HIARFH

Table 1 Montmorillonite consumes the volume of NaOH

- T4 72 BT NaOH R FR 78 J5§ NaOH AL THFEAY NaOH HIFARF

S, n”l Volume of NaOH Volume of NaOH Volume of NaOH
ample before titration/mlL after titration/mL consumed/mL

3 W Supernatant 0 18.3 18.3

%5 [ Blank 0 25.5 25.5

2.2 ANl PES A TUERGUORE MR A R 1E
Mt ) XRD FEiEHF 20=20.1° ,22.5° 27.5° 35.5° bt 81 11 5if 06 2 BH ik i 6 2 Horp A B K
Fe i, HPMERT S AT ST AR A A K, DI BlotE T R BN M B9 SR 5544 . nZVI .1 CEC Mt+nZVI f XRD [l
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T 20=44.6° PR AT AT IEIER] T Fe® BUAFAE , 76 HLFHT 7 HY B0 HoAth 2 16 L B Fe® Rl AL, H iz
Jo REBRER S A SR T 2 B Fe® M RE 3k T Mt e > BAA XRD F£AFUNE 1 Fizs.

0
Mt Fe
1 CEC Mt+nZVI
Fe()
" _u..ku " llZVI
Mt g
Mt
Mt
1 CEC Mt
Mt,
‘ Mt Mt Mt
Mt
1 1 1 1 1 1
10 20 30 40 50 60 70 80
20/()

B SO SO ARk S ER ARk XRD [

Fig.1 XRD pattern of montmorillonite, modified montmorillonite, nano-zero-valent iron, supported nano-zero-valent iron

P 2 ATAT, Mt H-Mt ,nZVI H-Mt+nZ VI N, W/ B il 28 34 J& T 13 RS i 28 2 IV 75 26 5 i
28, Bk M A1, HAtA R S 2 BUFE P/P,>0.8 BT, i J5 5 1Y KN Ras LB (R[], ol LU
Bt R PR B A B i, A FLECR I | X 5 IR DFC A SE 305 —3k. N3 2 AT UE 2 H-Mt () H 3
TR 20 TR, N 49.40 m™ ¢ ' FFE%) 20.86 .21.27 .26.06 m>¢ ', fL4%H 8.01 nm 4K 310.93 .11.60
12.40 nm, UL Mt 19 2 T80 4 2i 1k 7 B 3, 16 28 1 8B 40 LI SL2STF B | LA 3 Ry J R A] e 2 il T
HDTMAB #f A Mt JZ2[8], 58— @ R 578 7 Mt i9FLIE |, Bl LA 1S K ; 11 285 19 nZ VI He 2 A
FREEHR BEIAAE 2 CEC Mt fZRAT , nZVI AT LG 0N , i ELA XRD & n] LA, nZVI K Z 5
HAE Mt R0, Bl H & m AU N, FLEE S LA pr g hn e

140~

—%— W Fff Adsorption(Mt)
—a— JjifffDesorption(Mt)
2 120F —a— % Fff Adsorption(0.5 CEC Mt+
= —a— i fffDesorption(0.5 CEC Mt-+
- —w— I fff Adsorption(1 CEC Mt+n;
il 100 —— Jiii fffDesorption(1 CEC Mt+nz
g —o— % Fff Adsorption(2 CEC Mt+n’
S ot —+— [iifffDesorption(2 CEC Mt+nz
2 o— I it Adsorption(nZ V1)
§ +— JiiFffDesorption(nZVI)
2 60
2
E
g a0}
o
20 F - »
y - - - 9
0L $6.66606040609006600806066000T" ,

0 01 02 03 04 05 06 07 08 09 10 11
Relative Pressure/(P/P)

2 FEMA S BLA ORI TN R N, T H B L A A
Fig.2 N, absorption/desorption curve and pore size distribution curve of montmorillonite, modified montmorillonite,

nano-zero-valent iron and supported nano-zero-valent iron

2.3 PSS LA KM R R TOC e

KA HDTMAB it Mt, HDTMAB 73 FH & A 16 A 1, b T #2455 TOC & 1 1% 228 1k )z ik
H-Mi+nZVIfFaE M, hE 3 7 H1,0.5 CEC Mt+nZVI, 1 CEC Mt+nZVI.2 CEC Mi+nZVI ) TOC & A
[v] , Bifi 2 o 25 1 22 e F A5 A 38 0, TOC 19 B 388 i, FL 2 CEC Mt+nZVI %) TOC 75 5 A8k LK, Ul B
A AR B 2 ) ) A AR A Ra g M RE AR 2210 .0.5 CEC Mt+nZVI 5 1 CEC Mt+nZVI Fifi 5 52 5 I 7] B 28
1k, TOC M B AR PR g /Iy, Ud I AE B g 1k B2 ' DFC [ A 38 Dk HoAh 7= 9. At 5% W 46 nZ VI 7E 96 h Xif
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DFC 1 EBRFAUAN.42% ESE T 4l nZVI B A BOR AW, 5 SE W TR AE H-M+nZ VI LAl A nZVI
PEATIR AL, R AR SRS N, A I A 1 o i LA R 88 1 AR A E 0, 5 0] e 28 Rk R R 638 A i 2 35 e 4
H .
®2 FEWA KRB GOREN R FERBGOR TN R BET M ALIESHL
Table 2 BET and pore size parameters of montmorillonite, modified montmorillonite ,

nano-zero-valent iron, supported nano-zero-valent iron

HR HE R A Lz L
Name Specific surface area/(m>g™") Pore size/nm Pore volume/ (em>g™")
Mt 49.40 8.01 0.084
nZVI 9.01 6.72 0.014
0.5 CEC Mt 20.86 10.93 0.061
1 CEC Mt 21.27 11.60 0.067
2 CEC Mt 26.06 12.40 0.098
0.5 CEC Mt+nZVI 8.67 8.64 0.020
1 CEC Mt+nZVI 7.66 9.74 0.020
2 CEC Mt+nZVI 10.42 7.40 0.019

25 -

—a— 2 CEC Mt+nZVI
—4— | CEC Mt+nZVI
20 L —*= 0.5 CEC Mt+nZVI
T sk
20
g
O 10l
810
=
5
Po——e—— —
0 C 1 1 1 1 1 1]
0 60 120 180 240 300 360
t/min

B3 AHLESE A AR T Bk TOC et

Fig.3 Change of TOC content of organic modified montmorillonite loaded nano zero-valent iron

2.4 WRHBh 2

2RI, Mt 5 nZVI 7E 96 h X DFC 19 LBRUEEE 53710 1.48 .0.94 mg- L™, ZBRBEIKT 20%, 1M
0.5 CEC Mt+nZVI.1 CEC Mt#nZVI.2 CEC Mt+nZVI 7£ 1 h N Xt DFC fi4 2= (9 B2 43 510 9.14 .9.60 .
9.25 mg-L™" | REHEEIAF] 90% L) F.0.5 CEC Mt+nZVI .1 CEC Mt+nZVI 2 CEC Mt+nZVI 1£%5 35 .pH H N
6.56 PR 2 ) et AT ad v — S h Sy 40 BN UE s JieF Oy BRI TS A SN ER 3 B, iU
BRI 5.8 3R 3 R i AN D) 2B RS S8 RAE AT A, HE—ZUORTE 93 D) 2 ] ik
0.5 CEC Mt+nZVI .1 CEC Mt+nZVI 2 CEC Mt+nZVI %t DFC AW itk 78, {0 — 2 8 J7 2% ] 05 4 #h k45
R M 1 CEC Mt +nZVI W M — g0 1 90 1 BE IS 5 KW B = 4 0 o 192278 mg - k™' Hll
1926.23 mg-kg™", e Bk 25 %0351 4 0.1581 mg-kg > min~' F1 5.0310 mg-kg "~min™", ¥ T 0.5 CEC
Mt+nZVI 2 CEC Mt+nZ V1, Xt 55255 fr 19 25 AR W) & X LU 4, B 5 vl VS 2B A 1, 0.5 CEC M+
nZVI 1 CEC Mt+nZVI.2 CEC Mt+nZVI X} DFC [ 5465, 1 CEC Mt+nZVI #£ 30 min N B 7]
TR FN W BRSP4, 2855 1 h B9ERE, 1 CEC Mt+nZVI %F DFC (144 F10% Bf& 7 1920.00 mg-kg ™", T 0.5 CEC
Mt+nZVI 7 2 h PIX%F DFC A4 FI B4 1903.00 mg-kg™',2 CEC Mt+nZVI 1£ 6 h X} DFC 44 A%
B R 1639.00 mg - kg™ 14 W BT A7 B 1) 1 2 R WG B RE T, 3R 1 CEC Mt+nZ VI W] DLEEAG 200 25 FR K
i) DFC, ] 1 CEC Mt+nZ VI M RF 745 Y 02 i 52 56 B9

ABIFE R BH S 2R TG 5 HDTMAB XS0 TA ML , O 2 i S A 2R 1 T HL AT,
SCHRATAI DFC B9 pK (-4 4.2, 24 pH<4.2 B}, DFC FE/K IR PS80 125, A ML 2 e A 34 ok
Xt DFC 19N BRI T AT RE R o3RI 3G AEAE T | T8 T3 it s ;i 2z, DFC FE/K I h 2B 1285 2
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TR, A LSS TRAKR T M kR rL T AR S, e 5 | Al Gt bR, s T B Y.
K3 OANFESAE RS A QRN DEC BB 3 105 B fL5 251

Table 3 Kinetic parameters for DFC adsorption on different modified multiples of montmorillonite loaded nano zero-valent iron

HE—2 ) J% WE— K8 )%
Pseudo first order Pseudo second order
Q./ K,/ e Q./ K,/ R
(mg-kg™") (mg-kg™"“min™") (mg-kg™) (mg-kg™"min™")
nZVI 190.06 0.0176 0.9855 207.54 0.0403 0.9806
0.5 CEC Mt+nZVI 1901.92 0.0252 0.9900 1828.49 1.3389 0.9815
1 CEC Mt+nZVI 1922.78 0.1581 0.9996 1926.23 5.0310 0.9890
2 CEC Mt+nZVI 1667.26 0.0097 0.9921 1638.02 0.2108 0.9503
180 = 2000
160 |- e
1800
40
5 ok = 16004 B sonmp A
o0 o0
£ =
< g
<1 100 <
s nZVl S 1400 - x 0.5 CEC Mt+nZVI
i W— 2% 5l }) 2 Pesudo first order 4 | CECMt+nZVI
80 -=—= W% Zh )] % Pesudo second order & 2 CEC Mt+nZVI
1200 |- We— 2% 5 11 %=Pesudo first order
60 [~ 1 --— W% 3h /)%~ Pesudo second order
40 1 1 1 1 1 1 1000 1 1 1 1 1 1
0 20 40 60 80 100 120 0 60 120 180 240 300 360
t/h t/min
B 4 DFC 7EUREAMN K L AR B 3l 72 1t 4% 5 DFC 7EA R BOHAREGE A g ok
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Fig.5 Adsorption kinetics of DFC onto different modified

multiples of montmorillonite loaded nano zero-valent iron

Fig.4 Adsorption kinetics of DFC onto nano

zero-valent iron

2.5 SEIRM B £k

1 CECMt+nZVI 7£ % i . pH {6 M 6.56 19 214 T %t DFC A% W% B 25 9 ih 2% 38 i3 Langmuir #5 %4 1
Freundlich BB AT LG, UGS HF| T3 4, UG W E 6. 1E 6 n] LI B A H | B DFC AT
FERYEEIN, DFC 7£ 1 CEC Mt+nZVI W70 A1 0% [ &2 Bl Z 585 . i & 4 7] 0, Langmuir RAIE T,
1 CEC Mt+nZVIW [ DFG EIHIE Z% RPN 0.9247, i Freundlich #8414 R, 1 CEC Mt+nZVI W% fff
DFC 35250 R*(EA 0.9469, UM Freundlich FAIGERLF Hifiliid 1| CEC Mt+nZVI XK DFC ()
R 26 4 Al LB, Freundlich B34 R, 1 CEC Mt+nZVI W[} DFC B3LE S50 n /N T 1,3
B 1 CEC Mt+nZVL X} DFC_B A B4 i 26 Ak Langmuir #8345 F 1 CECMi+nZVI W[ DFC #9980 %
KGR ¢, f 14184.76 mg-kg ™' BT 1) ¢ (HF M 1 CEC Mt+nZVI 7EZER/K K DFC BA T I A9

Hi 5.
x4 1 EHE TSI YR YT DFC 1YW R R E S8
Table 4 Isotherm parameters for DFC adsorption on 1 times cation exchange amount modified
montmorillonite loaded nano zero-valent iron
Langmuir 77 #£ Langmuir equation Freundlich /7% Freundlich equation
00/ K./ K/
-1 ' -1 R n! -1 ) -1y Un R
(mg-kg™') (L-mg™) (mg-kg™ (L-mg™")"")
1 CEC Mt+nZVI 14184.76 1.559 0.9247 0.2385 7543.16 0.9469

2.6 AR BRHAA BT DRC R A g

A 3 HA AT 9% 27 2 58 FA RS [ AR 25 B /K AR DFC (9 52 30 8505 | 42 3IE H-Mit+nZ VI 22 B /K& DFC 1
ik RE. 3 5 AT LLE ) BFFE a8 3 R SR 0 W itE A T SO R W MK AR i i DFC 8 DL A kA L e 0
A PR AE AR Z i B AR R B 3430k 6360 ,3180,3180 mg - kg™, 3 i B PE R R T
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W B RE , RN B i ol e 1 4 A% 15 A LT A TASIR S A A HILERC PR SE AT T B K T B
Al 5 HARESE W 1 CEC Mt+nZVI 7E 30 min BFXF DFC 4R AT BH-E 3k 17085 mg-kg ™", BAKTNZE 5 Fs.
18000~
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Fig.6 Adsorption isotherm of DFC onto 1 times cation exchange amount modified montmorillonite loaded nano zero-valent iron

RS AFFEDT DRC AT FHE B0
Table 5 Adsorption of DFC by different adsorbent materials

M . 0 I o
&9t S B[] Pl 5 Q,catulraltedE
WIS el S Tnifal paturate Sk
. . Solid-liquid Reaction . adsorption X
Adsorption material K ) concentration/ R References
ratio time/h ( L capacity/
mg-* —
. (mg-kg™")
MnFe,0, 1:200 12 10 2000
6
NiFe, 0, 1:200 12 10 1990 6]
KP4 Unmodified zeolite 1:20 24 160 6360
Ml AT Modified zeolite 1:20 24 160 25440
KB P04 47 Unmodified kaolinite 1:20 24 160 3180 [27]
PR IA A7 Modified kaolinite 1:20 24 160 4770
K DA AT Unmodified illite 1:50 24 160 3180
BHEA A Modified illite 1:50 24 160 5400
MnO, SRR R 1:1000 4 10 13450 [28]
MnO, -Alginate charcoal microspheres ’
2 A

ABERRG 112500 9% 100 268
Unmodified montmorillonite
nZVI 1 :2500 96 100 166 LN
1 CEC Mt+nZVI 1:2500 0.5 100 17085

3 2518 ( Conclusion)

i 3 X H-Mt+nZ VIR il 45 B2 HXF DFC B9 5T, 45 10 DL R 4538

(1) 33t XRD BYRAESMT , I HI 45 T A H-Mt+nZV1, H Fe 777 55 1 F 3 oA H 30 LAt 0 3iE B Fe® A
AL BET AT E R W] nZVI K2 54803 Mt B3R, 98070 T nZVI BT M, H HDTMAB #F A Mt J2
6], 4 — e A P L, AL N LA K.

(2) W5 J1 2 9E 203 ,0.5 CEC Mt+nZVI, 1 CEC Mt+nZVI.2 CEC Mt+nZVI X 7K A& DFC f4 1% Fff
SPIAE 2 h 0.5 h 6 h 3k S WP G A Bt 43590 AT LA3A 31 1903.00,1920.00,1639.00 mg-kg ™. H.1fE
— 2R B I AT A bR IR AN RO AR 2L H-Mt+nZ VI XF DFC 90 ff i 72

(3) W PSR IR 1 CEC Mt+nZV1 XF DFC BA BB F Y H Freundlich 155 ) i B 4 Hb 4
& 1 CEC Mt+nZVI X7KAKH DFC (W . Langmuir BAMELG 455 ¢, % W], 1 CEC Mt+nZ VI XJ 7K & H DFC
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AR A 25 BRI T, B H-Mit+nZ VIR 22 (K44 DFC BA T I 59 % R R 5

(4) 38 %5 LA [ B A4 RS DFC B 2 BRIG MR, S50 45 /) 1 CEC Mt+nZVI 7E 30 min A%
TR IR R, SRy 17085 mg-kg ™, AHAS T A5 5 1T 0 Ak SRR 17 P e S5 R B R e EL A 0B e 2 o
PERE, I, 1 CEC Mit+nZVI A SZBR R AT 5

(5) ARWFFEERXF M BEAF A HLRE , 1 R X nZVI HEATTE AL, I nZVI BB 2R 3] H-Me [, {HH %
ffRE JIIF AR R RS ST SR A H-Mu+nZVIFY LR [285 nZVI BRAT 15 Ak, 32 HL A R 0, 18 3] s R e
W S R it 2405 e i 1Y
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