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Abstract; In Vie\‘;v'II of the significant differences’in pho;ﬁhgr:ls_mefﬁoval processes by different steel slags, electric furnace slag was taken
as the resbarch object“to discuss the effects of environmental factors, including the adsorption time and adsorption temperature, on
phosphoi-':us removal and to verify the phosphorus removal performances of steel slag for phosphate, pyrophosphate, and actual water
bodies. With the help of spectral techniques including scanning electron microscopy (SEM ), energy dispersive X-ray spectroscopy
(EDS), X-ray fluorescence spectroscopy( XRF) , and an X-ray diffractometer (XRD ), the phosphorus removal mechanisms of steel
slag were explored. Moreover, the phosphorus removal abilities of different absorptive media of steel slag, ceramsite, and zeolite were
compared, and the safety performances of phosphorus removal by steel slag were evaluated. The results showed that the adsorption time
significantly affected the phosphorus removal efficiency of steel slag. The phosphorus removal efficiencies of phosphate solutions with a
concentration range of 1-20 mg-L™" using steel slag could reach over 97% when the adsorption time was 30 min. The effect of
temperature on phosphorus removal by steel slag was not significant. The pyrophosphate adsorption capacity of steel slag was weaker
than that of orthophosphate, and the removal rate of pyrophosphate with an initial concentration of 3 mg+L™" was 82.45%. Spectral
analysis showed that the mechanisms of phosphorus removal by steel slag were chemical adsorption assisted by physical adsorption, and
calcium-phosphorus was the main precipitate component. CaHPO, - 2H,0 was the main precipitate. Steel slag exhibited excellent
phosphorus removal properties for removing phosphorus in the biological pond effluent and wetland system, achieving total phosphorus
removal rates of 98. 36% and 93. 33%, respectively. In comparison, the phosphate removal performance of steel slag was better than
that of ceramsite and zeolite, and the removal efficiencies of PO}~ were 96%, 40%, and 10%, respectively. The contents of heavy
metals in the leaching solution of steel slag met the requirements of the Class I standard of surface water; thus, the steel slag was safe
and reliable.

Key words :steel slag; phosphorus removal ; adsorption characteristics; mechanism; spectrum analysis; solid waste recycling
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Table 1 ~ Main components of steel slag

WAy Fe, 0, Al 0, P,0, Ca0 MgO Sio, MnO S0,
5 % 22.04 2.29 1.12 47.85 7.87 13.16 3.43 0.289
F2 ZEREBIEKKRIEIR
Table 2 Water quality indexes of actual phosphorus-containing wastewater
IKEE pH COD/mg~L’l BODS/mg-L’l K/ °C NH, —N/lrng-lfl TP/mg-L’l
AT H K 7.29 53 45 26 ~27 2.13 0.15
rPOR A Pt 4 K 7.71 30.2 6.8 24 ~26 7.9 1.2

1.2 FRBE R A i B s 1 52 i
1.2, 0 IR RSk ) o 7 53 e ) 5 i

B 110°C T4 2 h FEARHI ZE =R A KH,PO, fid
B AN E IR R EE po (1.5, 10 F120 mg-L~")
1) TE B TR R WL, 4 S IBCAN TR) 49 3 Jo o Yk 38 1) A ol
iR £R VA 200 mL BT 300 mL HEFEH, FREL(10. 0 +
0.02) g SNt & TAHEIE I AR ZE B 15 K 25 4
TEHECE T 25°C | 150 r-min - H IR 7 35 5240 T R

Ui, BCE BRI S35 15 |30, 45 160 min, W Fff
ZER S HE 15 min, FH 0. 45 wm fFL I8 B8 I D8 i R
RV, T FLEHE (TP) R e . S RS2 4 38
WE 3 AFEATREN, L p, FAF TP &R IR .
1.2.2 W AR FEE b4 v B e 1) 52 )

A< B 8 o6 st ] S22 B B 200 mL AN R 9046
JEHRIE po (1,5, 10 F120 mg-L~") B IERERR LA
W T 300 mL HEJE I, #RHC(10.0 £0.02) g $W ik
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B &8 o e S A S AR R 1. 2.1
1.3 AN AR TR Eh Y W B S

Pl Na,P,0, « 10H,0 1E A @ 5 e & w0 46 Jor & 7k
& po 4 2.0 mg-L™" 3.0 mg-L~" Y £ iR £h %
W, 5 200 mL AN [F] o ik R 1) AR R IR ER I T
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remin T RAR G B IR TR, 1 B A 43
A 30 min 1 60 min. AN[F]SZEGLH I E 3 - FATRE
fir, UL p, FRAE TP 2800 e . W Bf 285 o i L it
PSRN E AR 1. 2.1 5.
1.4 B Xl e A B4R
L4 1 BT B e R B sy

S S AR B R L R S
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52200 ml Ju ik e TE 249 20 me- 1.~ f0 IF T 12 £ 07 s
THILRT, R AEES 11 ST AL 3 25°C |
150 min " $EEARE 7 55 55 A0 1 RS W 60 min
D L O I I R A I e
VLR DR RRAR VA W T AR IR B A T A 1 AR5 A AT

ST, T I L 24 O 07 TP it

5 T RIS KA 35 e YT HE RO fE (GB 18918~
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IR B B e i 4O R K T, BT
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FEEPIRT 24 b e AR
1.4.2 SNEIEET

Shy e AT S 6 i R B T R B AL R B S
K 22 Tl S 15 52 AR X6 5 i W B B85 T S AR A AR
b S BEDITE D AT EE e T M L4 LY
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IV, HASHR A8 w) ) I3 s 3 T8 e B 1% K 1 8,390
TE G 2H K.
1.5 SRS BRoK AR r sl i e B4 g

AR R SEBRoK AR sl i AT 2 Tt vk i
B ANHHIA]. AR S50 BN T 2 K R0 35 w7k 4k B 30l

AT K R SEBR K AR 40 5 B i X S B KA e g
O R RE. FREC(10.0 0. 02) g A9 40 501 B T &
200 mL ANRIZE R SEBR KAL) 300 mL HETE i, 44
Jie FE 3 1 JE i AR CE T 25°C | 150 romin ™' fH
TR 4 SR A IR , 15 B IR IR] 30 min. AN [R) 52
A E 3 AFATRE N WA RS g
D H A e

1.6 F4i 5 H AR L RO T L

YT TR BRI BR R R AR 2 HOAS R
REXT Bl 1) W BEH R A7 TR K 22 55 AT F Al
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AFAT, L gl RAE TP BT RV . WM GRS
LA SR 1211
L7 SRR Atk AT A >,

W B AR P AST™ 75 e i
TN R O IR 4, e T ek
Qs B0 B 2R | A L T [
W EE MR ek KPR (H 557-2010) ) %
SRR TR AR L B A R A R S T . R
BOBET S AN 100 ¢ B TAFUN 2 L 932 UE
FEW M LE 10: 1(L: kg) IIARERF (LB F/K)1 L,
i B G e B e KPR e ARG
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1.8 bk
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q, = (pp =p,) x V/m (1)
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Kb, p, R B RTBE R IR BT R (mg- L") 5 p,
SRy o Wl ) B A T R R (mg- L) 5 g, A
XF TP W RFF i (mgeg ') 5 V RKEERRL(L) 5 m N
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B LBRA%
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(a) ~(d): PO}~ WIHRFERE BN 1,5, 10 #1120 mg-L~!

B 1

WMEWNAERERERE PO} BHERER

Fig. 1 Removal efficiencies of PO}~ at different concentration gradients

ASTRIE BRFASEE] R (10. 0 £0. 02) g 49 7 X6 AN [] Ji
TR R VAT R 1) WA S R AN 3 T AT R Bt
WA R A SEE K 9 X AN ) B A R Tl Y 1140 W
R PR, SRR Sy Bt 2 W B B I R AT, R &R
VS VR T PR B TR A 25— IO e R BB AT, W 50 g i ).
W O S50 A R 44 i 2 AR 1 Bl O
REFRAY 3 AP BRI 5B — B B Ry PR I B BB, 2
T B S B B B, 5 i B Ay i 2 W - A
BB, A e ) XoF b & 30, A5 F 1 AN X ) 4 I o
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