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sk e 5 12 R AR AR B R, AR T X K S AR S T R BRI, S5 AR R, W)
f pH R I B 4 i T B 4 B T RS AN K, AN R A8 1 2 K AR AL . TR IR RS DL i
R EORERT LA AT O, WA — A 2 2R A JE AR A, B AR LR W K R B R, A5 ARk
B, AR X A it K R b R e T S R R . e MEARET DU Sy A, i
F L ORGEEFR A FLARD AR AT O, S BT S o R BRSO A S LA A W B . )R
I 8 18 0 T X A TS R AT O, R R R T A B R, R A A B v R 1 B RUROR
EAE T H AR, BRBUCRRY 22 (W2 E R 0.86 mg-g ™). T, AR A4 6 5 (1) 2 1
B SR BC AL GE J7 A RE IR La® X 50 A7 ek, i 2 — ol 2 v 28 ok 0 BRSO R 0 o 1P 8 v
B 7K rh S A 2 TN Bl R RE DA SR R R R b & A T 5 D% T AR P 1
1 #Rl5RE%

1.1 X5 &

F LR . R (La(NO;), 6H,0). 2 E AL H4 (NaOH), Bk 2 4N (NaHCO;) (P9 4. Joik
TR 4 (Na,SO,) . F7 B R =4l (C,H,Na,0,-2H,0). T B2 #h &k iR 5 W T Bl 40 1 Bk B Ak 2 A R 2
Flo FALEAI T R 4 Ak 22 R R A FR A Al . BKFEAL BT R A A B AR AR AR . U
A HI BRI R S AN R i al . KB KSR E A i .

FEAYLLS K. DHG R s KA (0 — TR # SR A PR A A, SHA-B BUK ¥ i TR PR
Dt (L1 1 R FB PG AS R A FR S F) . LC-85DL U b B 73 5 (11 11 IR IR P A 28 Bl H A BR A
F]), DZS-706 %15 i 2 Z 805 A A (R AC A= AR A R | .

1.2 XWHE

AT A ) A o FRE— RE R AT VRO T S AN, DLV EE A 110 i AR R BV TR
PL200 rmin” 235 o K5 EOHE IS OB VE TR . iU . TR B B R AR A . otk A R P A R A
P2 R TR B A BT BE 4> N0, 12,9961 25992, 64.98. 129.96. 259.92 g-L'; &% i 1] 43 B Ky
3. 6. 12, 24, 36h.

ZE WA B . Kf 57 mLHAe, 58.0 g NaCl 1 58.8 g C;H,Na,0,-2H,0 Jil A 500 mL 25 % F 7k
W, PR R . BN E TR K, R R S22 i A 240 gL 'NaOH, I 1 %1t #2 pH 1E
50~5.5, ERZE 1L, FAEZRMAEH : FILMT 110 C T8 2h, &H. MEFFRE LA 0221 ¢
NaF i T 500 mL 5Bk, A ZE LL, (R T TR CEETE M. B3R 100 mL
EARAZE 1L, 15910 mg- L™ AL PR ER WL -

1.3 Sk 5k

i TRl 22 Z BOK B Ir A s W b vk B, ARPEARHERN R . FR R B I By, TFE
VW P B o A TR VRO B R . MRBGGE SRR T SRR T, R R R o 2 R A S R A
pH Z 9, JIIA 20 mL BV F5R BEZZ P, A% 100 mL, #E5) 58 ASEHREM il & SR
A U5 SEM(INSPECT-F50, 35 [E). i A i {X BET(F-Sorb 2 400, Jbit), HF4k ¥
AETE EDS\ X SFZ AT 510 (XRD) K HLI- 2T Zh i (FTIR) X oo iy Jm 4R b 47 RAE
1.4 IR B 14 gE SCIG

1) W1 4E pH AT bR TR A 52 ) o et s R A 7500 0T 3G 5 - 1 WG B 5 95 pH AT G, 8 0.2 g el
AN 10 mL BT 5 W FE o 10 mg L™ A BAL AR v 8 35 pH 43 5o 30 5. 7. 9. 11, 7E25 CHH
KIS HEE T, LL200 rrmin™ #77% 40 min, #E 1 h, BRI E BB T, 4595 pH X W f
B M52

2) W BiF B Sy 2 52y L HF 0.8 g Bl PR AN I I A 10 mL & A [ T R U O B IR S AW R, R
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pH Z 3, 43517 30, 45 Fi1 60 C fHIE /KB HEE T, LL 200 rrmin' J83% 40 min, #8& 1h, B EER
W s T . R (DIFE FRE R, RA Q) A W% & . R A Langmuir £ 48 (X
(3)). Freundlich #! (zX, (4)) F1 Temkin #5120 (5)) 4004 o b 9 v 52 R 900 X6 P A 258 8L 0 F ot

n= (CO_OC’) x 100% (1)
Cy—-C)V
ge = % )

X pAWHER, %sq, WM AR, mgg's C AW ATHRE , mg L5 C W BE-F- 15 J5 /Y
B, mg L VREWIER, Ly m AWK R, g

mabee
e = qT +bC, 3)
qe = kC" 4)
RT
qe = b—ln(aTCe) ®)
T

K e WKW AR, mgg's bW HME £, Lg's C bW R BF id 568 1 B,
mg- L™ K AR R R, Log™'s n AWRBNEREERE S RO EL 8.314x107° kI (mol K) ™5
TRHHRIFIRE, K by NS WA R WAL kIrmol s a, N V- HifEREH 2L, L-g's

3) WM Bl 27 28 . K 0.8 g Bl R I AR ES F B MR EE S 10, 50, 100 mg- L AR .
WA pH £ 3, £ 30 CHE/KBHET, 200 rmin 0 59&7% 5. 10, 30, 60, 120, 240, 360,
1440, 2 160 min BOFE, & 1 h, BRI 0M0 E 60T F BT W 3 o O 1 8 B s 0o 9 1% I RR A
fiE, RV LR, 230 AP — 2 sl ) i (X (6)) . D =g Jy s R (X (7)) o S 36 B 4 ik
(RE/S=

kit

lg(q. —q,) = lgge — ——
g(q. - q) = lgq. 7303 (6)
t 1 t
L L 7
qt qug Qe ( )

K g W VA 2, meeg s g, N e BF 2B, mgeg s ¢ IR EEE], ming & AR
— 2 B SN R, minT's ok, P O B B R AL, g (mgrmin) .
15 £EBFHBREMRUEIN

SO B T R GRS R BRSO, R T R B R A B 4 M BTRD pH A DR, IR S A B B
FAK T, APFFARE S KBTS0, 76 T W I AR T v B A S . B R
MR B F R IR AR+, W LA B AT BRSO R 2 ), ELRIRAE D7 75 24 0.8 g BU PR im A
SR e B A T B 719 50 mg L' S ERIE W b . DR pH & 3, 7E 45 C HIE/KIBIFE T,
Ph 200 r'min' $i&7% 40 min, FE 1 h, BRI E R T BRI E
2 #BR512
21 RNEBHABRAENENZIG

O S 3 1 B R0 e P I RD L RS TR R A R L WA R A B n i B W B R A OE . K 0.2 g
BN 10 mL B F B it W D 10 mg L' 9 F I W o Wi 1) B s, Y 0 ) 5 E)
12h i, BRECRESPE 6 h W AR, K% 25.71%., FEE IR A0, BRBURGkLLEm, Mookt
[ 36 h B, BRIUFILE] 41.70%. BEFE B RIGIER, 2 La MRS 00, 1300 La /9 0 B
i ¥ 02 g B 10 mL S5 FRERIE N 10 mg L (a0 1(b) s, b5 65 B2 5
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Fig. 1 Effects of modification time, lanthanum concentration, adsorbent dosage and adsorption time on adsorption efficiency
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Frekck, aﬂzﬂiﬂﬁﬁfﬂﬁl@%ﬁ%&%o L 1(c) Ay W 86 750 45 Jonn - o) 52 6 2050 SR 1 5 i), 1P 8 1 5 G
A0SR S I A 0 A G 0 I R S, IRAERON AR 160 g L7 B IR BIEAE , AT A BR BUR N
81.33% . ERIC P75, Bl A W & i34, WP B F Ads S 3 2. AN b, Bl 4%
TN BB, O B A R A W B A B E 0199 mgg !, R R 2 0.046 mgrg o BRI g W B 5 45 o ek
%ﬁ&ﬁ‘ﬂ*ﬂﬂ'%%‘f’f@%ﬂ BN T T VR B R B R R R, IR IR R AR . B 1(d) T

, BRI FARAC S B, 8 0.8 g WRFMFIMIA 10 mL 35S+ BT i Wk B8 10 mg- L™ A IR
EP Bt 5 I T EF D AR 384, R SRR e e R TR/ o WA AR AR s, FE 4 s N SERE IS E1] 80.98%
FIBR R, ZA PR RS B, 76 2 min B 3K B e KAE, M 99.58%, 7E 10 min £ 47 ik 21| W f
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2.3 EDS 73#f
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LA LLE Y, RS 2 m A 5.
. RESFICRAM, Mk kS RE, KER
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24 BET 7#f Fig. 2 SEM images of steel slag before and after modification
B O ME AT SR B BET 45 R R0, thm
Ca Al
(0]
Si
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i
C Mn Si K La
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Mn  Tj S Nciﬂ TiLa
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3 KMAETERER EDS gEiEE
Fig. 3 EDS spectra of steel slag before and after modification

1 BAMAERNENTREREESSE

Table 1 Elemental composition of steel slags before and after modification %

K C 0 Mg Al Si K Ca Ti Mn Fe La

CPETT 1415 3575  3.87 439 909 055 2077 829 1.02 211 —
UPElE 4585 — 13.93 2773 357 08 266 278 — — 278
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U 0.549 9 m* g ' 3% K 3 23.367 5 m>g!, P FLAR AN AE H 0.934 nm 38 /M F] 0.135 1 nm. AR 4
SEM g5 A, BB JE Nl RS i, 2, R ER K, X5 BET RIEZR —5. Wik
) %ot L 6] B 2 Ak 2% 5 0% FH A2 B i e, L K/hv<2 nm, ALK 2~50 nm, KR AL>50nm"", A%
TFF 5 %) S5 A s 2 AR L Ay = 1 TR A A

2.5 XRD ##f

R PR HT ) XRD 1% B AN E 4 FF R . ] JADE #0F 2 B iz B i A, o B Ca(Tio,) .
CaO. MgO. CaMg(Si,0,). ALO, %, H4if K 33145
W R 4%, BT & oc R 2R EDS e A -
A B A 30°-35°HY (L BEAT B FLR 2007 W
BB UG AN 1) W A 2H R B L T Ak 2
LAY, R L (CaO/SIOp)™. BUHE IS 1) I I B
93 5 PDF f i K Xt Hb % BLAE 20 4 20.07°, /
23.24°,  33.14°, 47.52°. 5935°4F #H 10 20 30 40 50 60 70
(Lag,Cag ) (MnO,) [ 4 AF 16 . LA L= 45 S 3F B 4 260)
JE 22 B M G B T R, O WM R R B 4) WEH RIS XRD B

P T L W L A L SRR Fig. 4 XRD patterns of steel slag before and after modification
XRD J§ I AZ A, BEBT B9 i i v IS 0 a4 JF A AR Ak
2.6 fEEMIINEIE (FTIR) 5347

HITE 5 ATDL, 76 3 440 ™' b M B A0 IR S Sk il O—H JR 3l 512 Y, 1632 em™ [ 1T 5 —OH

[ 25 i 4R 3 W 0K W L 1 490~1 350 e AR

C—H 45 il = 3 0 BY, 865 em™ 2 £7 &b Ky Y40 L 16321 447

AlO,” AR FR iR sl . 7F 1200~800 cm ™ SR 865743

X} R Si—O—Si 4IRS, 800~600 co ' X Saso 16321 447 \pya 04
S 4 0 M X (TO,) P T B T O —T S, . L.y
(T:Si, Al) Xﬂ‘*}j{%fj}[ﬂ% [35], 464 Cl’l’fl Eﬁﬁ% 4000 3500 3000 2‘5(‘)’0 2000 1500 1000 500
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e e 0 0 90 0 B S WBEIERS MR

Fig. 5 FT-IR spectra of steel slag before and after modification
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2.7 pHHIENG

mE 6w, W h FEBRSURZ % 100 -

W pH B 52 A B R, X pH 52 M F7E K
W AT, HES W pH 1y oo 2s fig B Y
W g P B 9 ) 2 THT R fr B2 3R THTE g AT Y i
s kB F e fE . m I 6 Al UL, oM
B o 9 R SR Bt 25 40 4 pHL Y B8 i A . TR TR
W1 f pH 5 R PR B, oM AN T Y BR RUOR R _ ‘ ‘
o, 5% 80% &£ ; 3 pH=5.0~9.0, FRH# K 23 4 s 6 7 8 9 1012
AN TR s B i e I, 2R Y
PRAECEI R R, X450 5 X7 a5

6 #1146 pH M ERAEE M

Fig. 6 Effect of initial pH on fluorine removal rate
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AP, X R R AT, WHREmNNES HMFER - TR EEERE, W EHREXS
FO W s s 55— T, oSO 9 v 2 T B 5 1 o7 & A AR AR Al IE L, A3 R T X P ity . 7E
B PE RS, WP SRR EZ N OH 5 FAATESE A e kE, S2mm LB 07, iy pH [+ 2
I v A R SR, PR ey I BT E LSS B R, R T RS I R BR . O3 AN RE A {2 BB 98
Ja WU pH FHisr, WA RN A A T DA T IEREROK e B A4 7=, BRI, A PR Y5 7K A AR o R 4
VAN =S
2.8 RHMI#A S

Langmuir W% Bf} 45 15 28 F1 Freundlich W [fF 45 8 7 F2 1 480 & 25 R an 18] 7 Je& 2 T /s o Langmuir WY
BIRY, R &N 0991, XRUITEW MR, FA7E R 28050 F )= W ke W2 B 500 ) 3138 i K
FAJZ 3T 1.230 mgrg™'c Freundlich W B4 ds £ B, 1/n A9 {E B =500 0.394,  Fir LAWK B 2 ) it
REREWE AT, R e 0.976, 3¢ BH W B ook A o N 2 A v A B2 WBRE AT BE AE AE 2 )2 IR PR

1.2 . 12 ¢ . 12 r .
--- Langmuir --- Langmuir - -- Langmuir
—— Freundlich — Freundlich ~_Z---77" —— Freundlich
09+ 09} 09+t
o o b
g 06¢ R g o6p
03+ 03 ! 03+
4
. n "
0 1 1 1 1 1 1 ] O 1 1 1 1 1 1 ] 0 1 1 1 1 ]
0 10 20 30 40 50 60 0 5 10 15 20 25 30 0 10 20 30 40
C/(mg - L) C/(mg - L) C/(mg - L)
(a)30C (b)45C (c) 60 C
7. Langmuir #1 Freundlich Wi B &R A&
Fig. 7 = Langmuir and Freundlich adsorption isotherm model fitting
F2 MMEFRERBEUESH
Table 2. Fitting parameters of adsorption isotherm model
. Langmuir Freundlich Temkin
B/ C
du/mg'g))  B(Lmg"h) R 1n Klmgg') R afLl-gh  bfklmol) R
30 0.980 0.661 0.970 0.277 0.365 0.893 9.662 15.048 0.961 2
45 1.230 0.287 0.991 0.394 0.326 0.970 5.719 12.301 09713
60 1.101 0.279 0.971 0.369 0.294 0.976 6.764 15.113 0.968 4
xR3I AOESHEUHEER
Table 3 Calculation results of thermodynamic parameters
W B 551 ME/K  Ka/(mL-g') AG®/(kJ-mol ™) AHO/(kI-mol ™) AS®/(kJ-(mol-K) ™)
303.15 0.661 1.043
PPN 318.15 0.287 3.302 —23.804 30.68
333.15 0.279 3.536
303.15 1.202 -0.009
K PENE  318.15 4.404 -3.921 -0.083 -1.0382
333.15 1.459 —3.124
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Temkin W B} %5 7 455 AU 401 & &5 R 1K 8 K 5% 127
27 .t RPE W0, Temkinf¥ i 45 I 28 4
B W B R A 0 R R AL R A5 ) M
[t b, i fH 4% %1 K 15.048. 12301, 15.113 =l
kI-mol™, & W W fff ik 2 3= 22 DA Ak = W B g
. T oal
A A B EE (AGY). K5 AE (AHC) AR AR
(AS%) Z A EFR& N2 (8) . =X (9) FI=k (10) iz of
AG® = —RTInK, ®) 25
K=& ©) 8 Temkin U} 128 4 A &
Fig. 8 Temkin adsorption isotherm model fitting
AG® = AH*—TAS" (10)

K. AGHEMYTAHEL, Klmol'; R AFMAIMLHE LR, kI-(mol-K)'; T MR, K; K, W
B F- 7 R g R B B, mgg s COA RS R R, mg L AHR AR R
kI'mol™'; ASCHIEAS, J-mol™',

K, BB 0 b TR AR, Bt B R R B, BRI R S B B T . AGOXT
TGS, T F 5 AR AT 0 R A3 AR FIAS O 3). 25 SR EW, BEE MR, KR
IAG Tt 5y, TIE B 7R MBIt P v, 3R A 58 T 2 ol R iz 1 AZ BHL . 480 2 1) PR A5 21 AH0<0(-23.804
kJ-mol ™), ¥a % Wit B i . MR 4G Le Chatelier JHR , Th i iR SRR B R, LA R%
3 ] AS°<0(-0.083 kJ-(mol-K) ™), % BH 7 W B ik i v &1 4 3 £ A 19 A fh B R RO, AS <0 W BB T
TR R R T RNV ROR FEAR S 2o Y[Rl HE 5 o AN v X Ee R B, B AR A B AE0>0, U8 B
A BSOS I o R R R ARG AR TS PR AR AS 0<0, 3% I A e P A i A I Ao AR R
fif KV 1Y B R R R
29 WREMishHE

470, h s 2B LA 45 /A0 FOh— s Ji2api i, Wik, (A =%

x4 MK NFERESY

Table 4~ Parameters of adsorption kinetics model

Y 4 th—2%zh ¢ th=2%zhJi*¢
gL gu/mge’)  k/min' R gofmgg’)  kf(g(mgmin)’) R
10 0.002 —0.000 479 0.017 0.062 —4.293 0.999 7
50 0.015 —0.000 762  0.113 0.262 —20.872 1
100 0.069 —0.000 108  0.067 0.474 76.858 0.999 9
SRR AT LB G Al A 2 R A R F Y ot 10070.01 mmol - L &1 mmol - L' 35 mmol - L
(O TR S (E e
U B 10 2 o 9 A5 R B .
SRS HY 1 TF, F S 5 S5 M I 9 5 E o}
gy, MBI 1 TE, ARk R s 1
210 SEET R IRHE LT
P 9 7 Ik FE 4 18 0 4 2 0 i o6 i
I SRR BB RO R T . B R T CUA 5 o e e
{0 7 8 L PG o LR A A5 S
IV B2 SO, 793 % L 28 1 0 S K Y REETRRENEE

ERAS 04275,9 v B e F 5% 2 T 0.048 g'Lﬂ i Fig. 9 Influence of coexisting ions on fluorine removal rate



54 BB B AN T X 7K rh R T B I BT E 1175

B ) B SR I 2 B . X T RE S I O BE SO W S N, H A SHANE R . S5y
JEIE DB MEE Y, — 7 T2 g SERRE N SRS, 55— T 2 el 2 1T A I BREASE A, AT R ) 5
TR . HCO, MR B 114 38 Jin %o e 1 A 9 B3 R0 280R 10 52 ) — R 4R I R B S, (7 VR B 3k 31 0.3
g L7t B BR S B, AT g SR B K i HCO, W ARAE il BB W W pHe  [RIB, ZER TR 45144 F HCO, X
N A R B AR S T (CO), BB F 25 F reAsa Wi lh, (i F 7 eio A s W R 51 2 T A g o
ANE 25T, R 2 ek /D, DT 52 M) g 09 92 ) B LR

3 g

1) {8 30 g L' i R i %o 40 7 e 36 h JE 15 B e AN i, B &8 160 g L', pH=3, W[}
TR 10mg L B . S T RBRFIAE 81.33%., TEMZ Ml R, MR Ao i 291 o A

2) PACPE A R GRS T R B RAE 4 s Wik B 80.98%, 2 min B iAF B Er, N 99.58%, £ 10
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Adsorption performance of lanthanum-modified steel slag towards fluoride ion
in water

ZHU Dianmei, SHAO Bolin, ZHONG Keyi, SUN Jianing, LING Kai, CHENG Xin®

College of Ecology and Environment, Chengdu University of Technology, Chengdu 610059, China
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Abstract To effectively remove fluoride ions in the groundwater gushed from Sichuan-tibet railway tunnel
excavation process, and avoid the harm to the local environment and physical health of residents, a new type of
fluoride removal material was prepared by using lanthanum modified steel slag. Scanning electron microscope
and the measurement of specific surface area analysis, X-ray energy spectrum were used to characterize the
material. The adsorption mechanism of fluoride ions in water by modified steel slag was investigated by
adsorption thermodynamics and kinetics model fitting. The results showed that the specific surface area of
modified steel slag increased from 0.5499m? g ' of unmodified steel slag to 23.3675 m*-g', the proportion of
steel slag with small particle size and the surface roughness increased. Energy spectrum analysis showed that
lanthanum could be’successfully loaded on the surface of steel slag by modification. The adsorption fitting
model showed that the adsorption of fluoride ions by steel slag followed the Langmuir model, indicating that the
adsorption process was closer to monolayer one, and was dominated by chemical adsorption. Thermodynamic
parameters showed that the adsorption Gibbs free energy (AG") was greater than 0, enthalpy change (AH") and
entropy change (AS) were lower than 0, indicating that the reaction was an exothermic and entropy reduction
process, and the fluorine removal process by modified steel slag fitted well with the pseudo second-order
kinetics process. Modified steel slag is expected to be a kind of fluoride removal material with a good
application prospect.

Keywords slag; lanthanum; fluoride removal; character
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