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Table 1 Main component content of iron ore tailings

4y $i0, MO Fe,O, MnO  ALO,  Ca0

T/ % 41.92 36.26 4.32 0.42 2.56 4.87

1.2 RBHFR

1.2.1 BREW St R okt A A0 B W R T 1L

(1) &R W il o8 5 g BB e T 5
g 900 750,600 450 300,150 °C &5 ALFE 3 h, T
MR 20 C/min, BHEZRES 1 g #HF 100 mL
HEFEIR N, S A A 50 mL ¥ &k 500 me/L fi4
FRUEFEW, 3 0 s THE IR L2 96 h, R &4 R
25°C,180 r/min,

(2) PR RIRB T B TR ARk, T
T 8, YR ST ) A5 0T e Mk R 2 BR K AR TR B A K
e, W B A R L, FHR G R O 5.10,15,20,25,
30 °C/min, fHEME 25 0.25.0.5.1.2.3.4.5 h,

(3) ma o TR < 256 75 I e ik R 0 s iR el
BRI 25, 7 A e Y Al b DA e 3 R R e
8], T R AR P 2R, DB 25 ki A i o (58T T
= PIER =K

®2 WP NRARFR

Table 2 Response surface design and factor level table

S K w7k 1A
A MR/ C 600 750 450
B fER T [H]/h 2 3 1
C FHR#ER/(C » min"") 10 15 5
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TEFNPERE , 38 3 3 )27 IR AT S SR o BT
5 V5 T ) A s B i L, LALE T BB i Q, , i i
Q,=Vx(Cy—-C)/m (1)
Ao Q, g v B 2 S W B0 R Bl 1% i, me/ g5 V
FBERRERVS AR, L; C) IR IR B, mg/L; C, Ay t
I ZI W, mg/ Lo m W BRI B 4
(1) W& Btk 2l g 27 il 50« B 500 mg/ L A 1 5 WK
250 mL F 500 mL BFIH P MA SRR RS g, MUtk
HIBEPR RS W BE o 5 meg/ L, oA S5 R AH TR, 3 11 S
BB THEIR LE 96 h, #2 IR 551444 25 °C,180 r/min,
R 3 AT . BRI E M 0.5.1 .2,
4 8,12 24 36 48 60 .72 .84 96 108 120 h, XF W %k
PTG, W UL A W B 8l g 5 07 B A 1 — SR sh 0 &
iR WE 25 )1 #BERUHN Elovich #5784

0,=0.(1-¢"") (2)
0.1
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1 «,
=—(In—"+In 4
0, Be(l 5! t) (4)

K. Q, F1Q, 5351 ¢ B 2 F-F- A 25 e 507 W o
TR T B8 14 WAL T B, mg/ g5 K Ay M — 2 7 R 114 W R R
HHL, min K, T O AR I B R R A, o/ (mg
- min) o, 24 Elovich #5%#Y 5 4 W B 3 285 80,8,
Elovich #5271 JJid [} 5 32 5 %5

(2) W2 B 45 3 106+ 5 P 5 ek 1k 0t s oA R
F23.4.5.6.7.8.9 mg/L, U5 B0 0045 e 152
>4 500 .1 000.2 000.3 000.4 000.5 000 mg/L, gt 42k
B 1 g JBUE T 50 mL ARl b, R 400 o 2R
A b A AR W o AR R R DL SRS e K KBRS R
A3 A Langmuir 45 %Y | Freundlich #% % A1 Redlich -
Peterson 155 7Y 401 5 W B 44 L 4 BB
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0. “1+K,C, (3)
0.=Kc," (6)
AC
= d 7
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BT R B2, mg/Ls K, O W B F- 1 5 B, L/mg o K
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W R A OGN H R, B — > S RE A G &
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(3) BTy 2« o i — 20 ) SR B e %o Wl 17 ¢
BEEBLI 72 15 °C I35 C oA T M B A5 IRk B, X —
BB AT LS, 45 G AT A AR X R AT
RS b gt 8 3 R B A RSB A AT R ST
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AG® = AH - TAS" (8)

AG’ = —RT In K° (9)
_AS" _AH"

In K° = R T RT (10)

o AGT W B A fiE, kI /mol s AH® g W B &5
A5 kJ/mol ;AS” F W BHE7E 1/ (mol + K) s K° 431 &
B, % ] Langmuir AR (H#H R ly 8.314 I/
(mol « K) , BEIRIAFURHL, T I Ty 2400 K
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Fig. 1 Comparison of phosphorus removal effects of modified iron
ore tailings at different high temperatures
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Fig. 3 Grain size distribution of iron ore tailings
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Fig. 4 Comparison of phosphorus removal effects of modified iron

76

ore tailings with different particle sizes
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MIELS (a) Fr7s w] LLUA 7R 600 C (THER R 20
C/min) 50 TE IR ]2 2 b i i) ey i otk

Removal capacity /(mg-g ™)
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Fig. 5 Influence of different constant temperature time (a) and
heating rate (b) on the phosphorus removal effect of iron ore tail-
ings modification

Xof AR A g ) 25 PR AR R AT, B 25 Rk Ry 16,37 mg/
go HE 5(b)7E 600 CHEE IR 3 h 25440, FHi#
A 10 °C/min B P4 i T 2401 2k R A %o A R Hh g ) 2
BRACR LT, B KBRS 17.23 mg/g, TR A4,
FHEE AL, BRI RS 0 A AN FE 4, i e I s 1]
i K v 0 T T R D T R 2 i R A S R B
WA RERH S5 4, S R T PR RE , AR 2 BRAR ™

2.4 WA R IEMAL SRR AX K B X B AR

2.4.1 HEEHH

2% Design Expert #E47 1A & 43 #1458 2] DL H #2
UL P J S = 16. 48 +4.37 A +0.71 * B —0. 052
% C—0.95 % AB —0.079 % AC —0. 024 % BC - 9. 24 = A
-0.078 %+ B> -1.22 % C*,

MBI B35 (P <0.000 1), 385 L1 P E &
PR KT 0.99, AR JiE REL AGR® KT 0.98 75 5
Z B (variable coefficient, CV) $#/NTF 5. 00% , 138 B £&
7B [LE T R LA T G AT 3 Ul B Oy R LA
B 3 — 2 B 7 TR TR T A T DA AR AN [ e
S TR X KA S A S, o A (et
T BE ) KT AU K e A B B B T S e B S 2, B (H
TSR] ) o el M Ak R T BALAT o A R T e 2, C (T
TR X R T B BR B R R N B, = A
PRI 22X e Pk 8 0 B A7 o3 W 1 5 ) /N R L oy A
(HMCHERLEE ) > BCTEIRASTE]) > C(FHEREE) .

RS RN T5 25 TR

Table 3  Analysis of variance of response surface tests

iSES Ryl Al ¥o7 F 1 Pa i
[;“ A
Model 534.07 9 59.34 113.20 < 0.0001 * *
A- bR 152.94 1 152.94 291.74 < 0.0001 # *
B —feiimE 3,99 1 3.99 7.62 0.0281 =
C-FHE#F%E  0.021 1 0.021 0.041 0.8453
AB 3.62 1 3.62 6.90 0.0341 =
AC 0.025 1 0.025 0.047  0.8342

BC 2.318E-003 1 2.318E-0034.422E -003 0.9488

A2 359.34 1 359.34 685.45  <0.0001 = =
B2 0.026 1 0.026 0.049 0.8307
2 6.27 1 6.27 11.96 0.0106 =
Residual 3.67 7 0.52
Lack of Fit 2.46 3 0.82 2.71 0. 1796
Pure Error 1.21 4 0.30
Cor Total 537.74 16

R*=0.9932 AdjR* =0.9844 CV% =0.9233
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2.4.2 FRBEFZEERDH

FI ] Design — Expert #4%F 22 3 (84 47 —
R Z TG AR, PR IR R T o () Tl o 3 — R R
S ELAE X e M Bk B A6 5 Wt 110 5 el L [&T 6 i
78, SEHI AB (1 a) X8R AT HLAL R W A 5
Wi, 22 535 AC(E b) (BC (&l o) X Bk R A 5 A B ol i
SEMAN 0 3 o X I 3 TOUHE AT TRT SRAI0NE 43 A T4 IR
RN 10 °C/min, fEJELNHE 9 1 h i, 6y 450 °C T
2750 Cf, i LBREH 1. 68 mg/g 485 5 12. 35
mg/g; HFHEHE R R 10 C/min, PR Ry 750 C 465
JEEFANE 1 h 3] 3 h Bf, By 22 10,75 mg/g

Phosphorus removal capacity /(mg.g 1)

Phosphorus removal cepacity /(mg.g ™' )

-

n
C: Heating tate /(C*min ")

A: Temperature /('C)

Phosphorus remaval capacity /(mp.g~ )

B 12.35 mg/g, 225 B E L 0L 1K 0 A5 5 Y
T 25 A Ry e T 627 84 °CE R A [A] 45 3,00 h,
FHEE 2R Ky 9. 82 °C/min, Tl I f5z K B 037 25 Bk A
17.43 mg/go RIS A B0 A0E X T 3R AT AR A 30 £
B UEAF R)% 418 F Bk R B X Wi 0 e R By 22 R Al
17.41 £0.083 mg/g, IRZEE /N, Fhild R X etk 2k 2
W BRSO S A (2, HL5 HAt DR 2 58 T % s e i
PG 2 R, R, FE A v nT AR S B ket T
TR R A 8 AR AP T L o R ) T el o AR ) TR
1, TV s} 2 R ) B T 1141 240 0 15 W e R AR T LG Y
Iof AV 8L s 0BG B0 22 2 40 o) Ml 11 2 o ik [ i g A1
AEFE .

D "
C: Heating tate /(' Comin ') 77 =

=

1% B Time of constant temperature /h

c

E6 #HNELHAEM(a:AB,b:AC, c.BC) Xtk BH AN B 1

Fig. 6
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Bl 7 () HE—2 sl 2 Dy BE X Rl i R LA 22 (R =
0.802 6) , i —4gl Jy = J5 i I Elovich BERIDL& 84
(R*>0.95) ,{H Elovich A5 7% 5 35 £ Xt 1205 B 3o 2 £ i
(R =0.991 4) MG IEL T (b) H—SEh J1% i
25 J1°% \Elovich ) Jy %7 K8 B A7 B4 ) 4005 i,
w2 5 U R SRR L AR (R 4351

Influence of interaction of various factors on phosphorus removal amount of iron ore tailings (a:AB,b:AC,c:BC)
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1 2 Bl ) A O O TR R . T )
J1e A B TR A S W R e R, U Bk ATk
IR XA 19 25 5% O s aod A, B P 30 32 A= R
AL AR o, 5 8 RS 51 -5 % B Joie 2 T £ L I i e
BoA 9 s Elovich AR T34 1 W BHVE A58 11 A 25 43
A3, JS2 S R o 1) 26 TR F8 AN R DU P A7 A [ 356 1P B R £
AT RE TIOR8 3 (86 A0 2 T A fl 2 W B o o RS
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Fig. 7 Kinetic curve of phosphorus removal by iron ore tailings before(a) and after(b) modification

R4 BREWXRE N 9 3h Sy 2 I SR

Table 4 Kinetic model parameters of phosphorus adsorption by iron ore tailings

F We—R ) 15T e W R B 12 i Elovich J5 &
Ar Q. K, R Q. K, R @, B. R’
PP i 0.1316 1.1734 0. 8026 0.1348 0.1168 0. 9665 3.1035 70.7977 0.9914
R 15.1050 0.1063 0.9944 16.7667 0.0081 0.9960 0.7233 0.3336 0.9696
2.6 BREW KB HEEZ . @
B R R 1 X 1 2 o 2 R 45 SR Pl 8 16
25 N, Langmuir 28R AR AT Freundlich 45 IR AR 51 41 7 e
BRBR HAEO. 9 LU b, (A F5 % A I Freundlich %5 g
BB R4S 1 (MR R =0.997 2 > R, , i b . Messusdvae
FEIG RF =0.999 0 > R, ) . M4 Langmuir % 7 1 B i
SO R X K A o Bl 1 B R R R R,
43314 0. 185 8 mg/g il 149. 97 mg/e, Q. 47 W] & 145 o 5wgm a5 s
Fh 3 s TR -2 R R R T R .
P, Redlich BRI AP ek A ¢ = 0. 695 6, k)5 g =
0.421 2, g BT 1, 2205 BB BT Langmuir 24 15
A Redlich 2R BERIDA 1265 Freundlich 45 i 4 _ o
TR 2R R A BEAR o, 30— 2B B R R X K o
W 22 PR T Freundlich %8307, Freundlich B + Nt
i P40 3 2 T 2 3 A 1495 W 70 o 24— 0 o 5 25 e Bl
I, 58 e g B — 8ok, o 1/n #20. 1 ~
0.5, WUl 5 T Mf, Freundlich % Ji S50 40145 45 5 v, : S

FF s B R n =3.222 0, k)G n=1.727 4(n <0.5

8 BRI (a) J5 (b) X2 BR A AU i &

FE R MEZ ) . ,ANIEL9 B, R A SR (a) 5 Fig. 8 Isothermal fitting curve of phosphorus removal by iron ore
(b) SEM EAERYZ MZE 14 8], il LUA H vl 5 kR tailings before(a) and after(b) modification
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Table S Adsorption isothermal parameters of phosphorus adsorption by iron ore tailings
b Langmuir 45 51 Freundlich F 71 Redlich FiRI
Bt 0. K, R’ K, n R A B ¢ R
] 0.1858 1. 8380 0.9240 0.1125 3.2220 0.9972 11.7395 103.2240  0.6956 0.9972
lgeas 149.97 5.26E -4 0.9757 0.9145 1.7274 0.9990 364.31 398.17 0.4212 0.9986

W R BHRE AR 2], w5l 628 °C it iUk R 4544 —
SE TR BE IR, FL B RE AR /NG T O, HL oot LB
B W I, Xk b i FCER A RE A AR

#9

BREH AT (a) 5 (b) SEM [&]35
Fig. 9 SEM spectrum of iron ore tailings before (a) and after
(b) modification
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Nk 6 PrRBIABRESMIIEE ., £ 6 holH T 45T
BSE X K AR R T o TS S [
T K, (7 R A XOBEI R FEE T AC, H
HAG <0, IR XK drmi i e B vT B & BE4T
HRAE 23 20 A0 X £ 9 HE 47 4005 15 2] an 1] 10 (a) B0 i
(R* =0.9588) AH’ =29. 63 (kl/mol) , F1 AS® =
191.26, 2e 5 an &l 10(b) (R* =0.9193) 45| AH’ =
8.85 (kJ/mol) 1 AS® =53.12, AH® >0 3= B0 it 2 i
o TN i g R SR I A R — B IR T T R

R6 T XBERMIR TS

RS XK B BRAE T, AS >0, BEHI BB R
TR PRI B R AR R R

16 (@)
-
a4l
112
]
£ not
-
108
L]
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1 1 1
0.0032 0.0033 0.0034 0.0035
1T
30
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]
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27 >
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B 10 B X BRI i 2
Fig. 10 Thermodynamic curve of phosphorus adsorption by iron
ore tailings before(a) and after(b) modification

Table 6 Thermodynamic parameters of phosphorus adsorption from iron ore tailings

A5 WE/C AG /(K] - mol™") Q./(mg-g™") K./(L-+mg™") R AH/(K) +mol™)  AS/(J+mol™ - K™")

15 -0.8052 0.1816 1.3995 0. 8928

BUEE:) 29.63 191.26
—1.5088 0.1858 1.8380 0. 9240
35 -2.9277 0.2193 3.1354 0.9443
15 —6.4889 144.7585 4.8480 x10~* 0.9716

Bigdde 8.85 53.12
25 -6.9170 149. 9769 5.2616 x10~* 0.9757
35 -7.5563 151.8507 6.1690 x 10 ~* 0.9735
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Abstract; In order to improve the phosphorus removal capacity and investigate the process of iron ore tailing in water, the
iron ore tailing was modified by heating. With the aim of phosphorus removal capacity, the response surface test was de-
signed by taking temperature, time of constant temperature and heating rate as factors value. Moreover, the phosphorus re-
moval process and performance of iron ore tailing before and after modification were analyzed by kinetics, isotherm and
thermodynamics. The results shown that the maximum removal capacity of phosphorus by modified iron ore tailings is 2. 43
mg/g at 600 °C, which was 2.46 times that unmodified. Furthermore, It was concluded that Fe,0, played a major role in
increasing phosphorus removal capacity combined with literature and tailing sand composition analysis. The response sur-
face regression model was significant (P <0.0001) and the determination coefficient R* was greater than 0.99 , indicated
that the regression model was reliable. The optimal modification conditions obtained from response surface test were as fol-
lows temperature 627.84 °C, constant temperature 3.00 h, heating rate 9. 82 °C/min, which predicted maximum removal
capacity of 17.43 mg/g. The removal of phosphorus by iron ore tailing before and after modification was chemisorbed on
non — uniform surface. The removal process of phosphorus from water were closer to Freundlich isothermal model. Moreo-
ver, the maximum removal amount of phosphorus in Langmuir isothermal model by iron ore tailing before and after modifi-
cation were estimated as 0. 19 mg/g and 149.97 mg/g, respectively. Meanwhile, the removal of phosphorus by iron ore
tailing was easy to occur, AH® >0 shown that removal process was endothermic and the removal capacity of phosphorus by
iron ore tailing could be improved by increasing the temperature.

Key words: iron ore tailings; phosphorus removal ; the response surface; dynamics; thermodynamics
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