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Table 1 Main elements and contents of tungsten residue

(mass fraction, %)

Fe Si Ca Mn Na Al Sn
30.75 5.99 7.94 1438  3.10 1.21 1.19
Pb W Nb Ti P Others

0.73 0.90 0.453 0.598 0.40 -

1.2 ZFLBRRIAIHI&

Pt B BC LR IR BE 1L 453 B R L)
Ja, eSS R (KA A
2~8 mm), LTS, TRE PR, 5
B AN, I BT 2 o

1.3 IR

K TM3030 414 FE 1 S Al B WL S B b A i 1
SA B 454 . KT Empyrean B X S0 R AT 5T
X (Cu B, K, HH4E, A 4 0.1542 nm, £ EH 5°~80°)
e RE RIS . R ALPHA ZU A8 HL A5 421
AMERESC BT RE S I S5 4, RS KBr MLk
1:100, R UV-2802 BLEAHMAT UL A3 66 BE v e %
MIGEZ R

1.4 IR P38

1) H NH,Cl 3P ) 5 B e W) Uh it FE
IR 28 AR DB . 23 0 B 50 mL B W UR IR i
MR AARFENS 100 mL H G 20m M, Fo 5
I BE B ) BTl BRLS, T pH ik

SEAH, AE— U B N RGBT, BT S R R
BLOIEIE,  IEBER FH A0 I 43 6 a2l s e rh
BRI pe, ARG (D)THZZIR I & O,

Qe :(pO_pe)V/m (1)

K O A BRI 2 AU PR B mg/g: po AR
BT R BV R, mg/Ls pe AR
S R A TR IR B, mg/Ls VO R R A
B mLs m R BRE, g

2) WEA e — 2V AR 1) 2 AR IR B
W% 50 mL, 23 5)'E T 100 mL 2R 240+, B8k
ERMRAES S, BT IRG ST ERRS, TARK
Pt EF i) ] o BB 237, 00 Y A b e ) IR IR FEE s
HARHE R Q)T ¢ W ZI R E R & O

O, =(py—p IV /m (@)

Xt p b ¢ BRI PR EMIRE, mg/ls QN ¢
I 0 B R0 AU P, mg/g .

e FAE— O R U BRI RE . BRI
PO 3 IR B ) R AR AT R, TR
W B R AR 30 ) 2

3) AL B

Sy MUERE IR 104 15, 204 25, 30,
40, 50 mg/L I ZWB% S0 mL & T 100 mL 58 24
b, BN 0.5 g BRiFIRAI S, 43 0AE 288, 303,
318 K il 5 Al e 5 W B, AR5 W BRSP4 J ECHE R o
5L ae 908 S U R RIS pes FEARIE (D) TH
P P R Qo
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2.1 FARMERBIFRELER
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XRD B M4 R Bl 1A 2 fros. 1A,
Wi R IHORTRE 2 L, AT R B3 57 LI S 3R AR
W, XA R A BN R, AR T A
SRSy PN

TPl 2 w40, BT B R ) S AR Ak kA
R fh A1 (MnFe,04)PDF#38 — 0430 . — %A 1k #iE
(Si0,)PDF#82—1564. 457d:47(Ca,Si)PDF#03—0798.
TERR 4T (CaSiO;)PDF#88—1922 45, A4 HF5& s,
MnFe,0,4 M2 ZHAT RUF IR RE ST X BRI 202k
IHTEE B, 7E 1000, 790 F1569 cm ! b2 il Si—
O—Si JEFIMAXFRMAER )& . Si—O MR s) K
Wl . Fe—O (R HEIE! 21, 1650 em ™" AbH 55 1641 5
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Fig. 1 Photo (a) and SEM image showing interior pore

structures (b) for ceramsite sample
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Fig. 2 XRD pattern of ceramsite sample

Fz2 ZAMKRBEED AL S
Table 2 Toxic elements and their contents leached from

porous ceramsite

Toxic element Concentration/(mg-L™")  Standard/(mg-L™")

Cu 0.13 100
Pb <0.1 5
As 1.96 5
Zn <0.05 100
Cr <0.05 5
cd <0.05 100
Hg <0.05 0.1

IR 2 WI A, R IR SV R SR B4 45 [
FRESR, Bkl N T2 SRR K AL P
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221 WIS pH (EXT NH, =N W B 5 m

DAL Ay 8 - 2 1 X - Sk b i s R 2R
VR BT B S R A, o A 4% A PR AN [)
KSR, IR 2 AR E AR, —
AL LT RLE mg/L 0. ks E W ihk i
M 50 mg/L FIRSHUMSEBCAIT 7o %, e BRI
0.5 g i 303 K AT, H8E AR pH
DN NH, =N WP 22 B iy, 2550 il 3 Bios.

HHPE 3 RTA, WI4G pH AR AR fh ot 2 U B
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Fig. 3 Effect of initial pH value of solution on adsorption of

ammonium by ceramsite
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LK S U TR B 2 R b . il H 288 K T
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Fig. 4 Effect of temperature on adsorption of ammonium by

ceramsite

223 GUREMIUGHR FE PRI NH, =N I -2 ()5 1

I T AE =303 K, Pk inie 0.5 g 4
EF, BAWIUEIRSE po BRI NH, N P05 fff
Q. (MR NI FR, g5 FwE 5 fros. s o i, 4
RAEYEREALT 500 mg/L ZEA7I, Bkt & &1

AT Q. B po IS KIS K, 2 p=500 mg/L /2
Fil, QB I AR N 1.60 mg/g, JiF P4 R & L
WIHRUSEE, BRI NH, N 017 05 B B A fR R AN
Ao XU @ EWIARIR L 500 mg/L Adi
I s B RS 22 R MR PR T AT, AR B Oemary=1.60
mg/g. PAIL, FEXF S B ™ X A e G S OEA T
ARER R, ATARYEAIE P AR RIS IE
WAARAGS AR Y s, RS S A B R
Brits OB RPN, DS RL ) d5 KR ¢

O /(mg-g™)

0.8f
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0.4
0
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Fig. 5 Relation between initial ammonium concentration and

ammonium adsorption by ceramsite at 7=303 K and dosage of

ceramsite 0.5 g

2.3 MBRSERABIFEWMSHT

o 45 3k R B R 6 4 0 99 SR T Langmuir®S!
Freundlich®”!, D-RP¥FI Temkin®? 4R A&, X 4
FRAR I 53531 1 28(3)~(6) T 71+

Pe _ 1 +pe (3)

Qe KLQm Qm
A K& Langmuir %%, L/mg: O, N EHSH

KU PS5, mg/gs R, =

, Ry N Langmuir J5

1+ Ky py
FEo BT 24
InQ, =InKy +1/nln p, “4)
FuH: Ky 4 Freundlich % n AW HE.
InQ, =InQ,,, - Bs* %)
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Q. =BrInKy +BrInp, (6)

b Kr NP #si &5, Limgs Br b5
) Temkin %,
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Fig. 6 Linear fitting plots of ammonium adsorption by porous ceramsite at different temperatures with Langmuir model (a),

Freundlich model (b), D-R model (c¢) and Temkin model (d)



1038

hEA SR R

2018 4F 5 A

R3O PR R AT IR PR 2L SR

Table 3 Linear fitting results of adsorption of ammonium by ceramsite with different models

Isothermal adsorption model ~ Temperature/K Fitting equation R? Fitting parameter
n=1.009 mg/
288 Pe _0.99147p, +7.08897 0.97424 0 mee
Q. K;=0.1398 L/mg
. De 0.,=0.9376 mg/g
Langmuir model 303 —==1.06652p, +7.48295 0.97922
e K;=0.1425 L/mg
=0.8945 mg/
318 Pe _1.1179p, +8.23919 007543 2 mee
e KL::OI357 L/mg
288 InQ, =0.257421n p, —1.10651 0.91552 n=3.885, Kz=0.331
Freundlich model 303 InQ, =0.247511n p, —1.1421 0.93289 n=4.04, Kz=0.3192
318 InQ, =0.253391n p, —1.21904 091774  n=3.946, Kz=0.2955
288 InQ, = -1.96546x107% &% —0.29075 0.46057 0my=0.7477 mg/g
D-R model 303 InQ, =-1.87071x107%£% —0.35102 0.48452 Om>=0.704 mg/g
318 InQ, =-1.86091x107% &% —0.40388 0.46851 0m=0.6677 mg/g
B=0.17552 J/mol
288 0, =0.175521n p, —0.20069 0.87888
K1=3.13743 L/mg
B1=0.15921 J/mol
Temkin model 303 0, =0.15921 In p, —0.20189 0.90181
K1=3.5540 L/mg
B=0.15501 J/mol
318 0, =0.15501 In p, —0.17596 0.88118

K1=3.1116 L/mg

2.4 BRI ERAIWRMIE H F S

KM 112 R GRT) P, e s
JrREGRE), R 3 BOT R (2 9)) P W B
ORI BIRHATII, SRR T I 4, 5.

In(Q, -0,)=InQ, - Ky (7
A o BRI K el R H, min
t 1 t

I _ 8
0, K,0° 0O ®

X K HHE GOl A AL, g/(mgmin).
Qt :Kptl/z +e (9)

X K, PR Y BOR R, (mgmin *)/g; ¢
HE AL mglg.

H K 7()f1(b) 3 4 7T UL, WE ) )12 5 RERT
TR HE A B ARSC R B RY B, M 0.99793,
T ZABE IR ] A B AR A 6 e ot 2 S T B B
R

B 7(c)FIZR S mIAn, ORI OB AL & H 4k
NG Pk, U T v ot R R R
AN 2 H L — PR ORL A T BSOS B s R 2 SR

W B AT 3 A 3 AN B (LB 7(e) R 5), 2B —Bir Bt
NG 1, 27 A 0~12.25 200, B ¢ 47
T 0~150 min 2 JA], TESCIAN], S o A 5
T A T A PR AN T, B B A B R O Y
Pzl 5 B B s B AR R ALBR A I8 HG ¢ AT
150~390 min Z[A], Z % FRLAMR I A B kL
({2 I A A Y A B T e 1= e B E R U A
WA BT sl 28 =B BEED ¢ i 390 min JE 1
W PR B, R Bz U Mk T A A, A
1<<450 min ZHT, PRz AR s AT, PR
AT, 24 6>450 min i, B CIEACT, B
ST 111 18 S A b o) 2 L PR W B G KR AR A, BB B
I BLCR S K, U0 0.0036( L3 5), Zeihila 2L
R* A%

gr bnr e PR U B R R B 22 Bt
TG UE BN )2 A8, W RS2 v B
SRURE P47 HECRN 2 TR B 45 22 AN RIS 93] 488 sk v 30 AR
IR, G PR S BR AR A X - SR =
ZERE RS UE ) TR, O 2 R AR
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500
(agseudo-ﬁrst-order model (b) Pseudo-second-order model
_‘l -
= 4001
= - =
o0 " 'op L
@ sl . £ 300
£ . B
= £ |
QP: g 200
g _5 i N| Y 1NN
_7 - L] 0 _
0 100 200 300 400 500 0 100 200 300 400 500 600
t/min t/min
1.30 - pp—
(c) Intra-particle diffusion model
1.20F
i B 7 BRI R R B o Bl £ 5
g L10r Fig. 7 Kinetic fitting plots for adsorption of
S ammonium by ceramsite with different models: (a)
1.00 - Pseudo-first-order model; (b) Pseudo-second-order
model; (c) Intra-particle diffusion model
0.90 L 1 1 1 1
0 4 8 12 16 20 24

tO,S/(mino.S)

F 4 PR R AE— AN UE ) ) 2 7 RS TS 45 R(T=303 K)

Table 4 Kinetic fitting results of adsorption of ammonium by ceramsite with pseudo-first-order model and pseudo-second-order

model (7=303 K)

Kinetic model Fitting equation R? Fitting parameter

0.=0.9899 mg/g

0.80936 i
K,=0.01019 min™"

Pseudo-first-order model y=—0.29248-0.01019x

0~1.2731 mg/g

0.99793
K>=0.0321 g/(mg-min)

Pseudo-second-order model y=19.23981+0.78548x

5 RO R R AR 3 3 OB TS S5 R(T=303 K)

Table 5 Kinetic fitting results for adsorption of ammonium by ceramsite with intra-particle diffusion model (7=303 K)

Different stage Fitting equation K, c R?
Total stage y=0.01571x+0.87458 0.01571 0.87458 0.98292
First stage y=0.01186x+0.90572 0.01186 0.90572 0.99724
Second Stage y=0.01955x+0.81304 0.01955 0.81304 0.9621
Third Stage y=0.0036x+1.14294 0.0036 1.14294 0.92863
25 PIRITE AR NI D 2T . Al
FU Van't-Hoft 5 #2100 I ARt e R 1= 1Ko =%0 (10)
€

MW P R A B S T IIA T, A 4R
W 8 s

X AH BSEEWNRE s R WBERAEFELG nk,
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Fig. 8 Linear fitting result with Vant-Hoff equation
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Adsorption behavior of ammonium in leachate from
ionic rare earth mining area soil by diatomite and
tungsten residue based porous ceramsite

JING Qing-xiu"?, WANG Yun-yan', CHAI Li-yuan', TANG Chong-jian',
HUANG Xiao-dong®, GUO Huan®, WANG Wei’, YOU Wei’

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Metallurgical and Chemical Engineering,
Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: In order to realize resource utilization of industrial tungsten residue and treatment of ammonium wastewater
with the solid waste, a porous ceramsite was prepared with the main raw materials of diatomite and tungsten residue. The
adsorption behavior of ammonium in synthetic leachate of ionic rare earth mining area soil by the ceramsite was
investigated. The results show that the surface of the newly-developed ceramsite is rough and porous. There are lots of
pores across the ceramsite from inner to outside. MnFe,Oy, is one of the main components of the ceramsite. In pH range
of the test, when pH is 5.68, the ammonium adsorption capacity by the ceramsite reaches the maximum. With the increase
of temperature, the adsorption capacity decreases. The saturated adsorption capacity is 1.60 mg/g at 303 K, 0.5 g dosage
of the ceramsite. The isothermal adsorption fits the Langmuir and Freundlich models better; and the adsorption process
follows the pseudo-second kinetic equation. Accordingly, it can be deduced that for real leachate from ionic rare earth
mining area soil, the ceramsite can be used to remove ammonium from it, the removal process is efficiently; with the
decrease of temperature, the adsorption capacity would increase; when pH is about 5.68, the ammonium adsorption
capacity by the ceramsite will reach the maximum.

Key words: ionic rare earth mining area; porous ceramsite; tungsten residue; soil ammonium leachate; adsorption
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