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4A Zeolite Derived from Weathered Washing Sand Tail Mud as A High-efficiency
NH,4"-N Adsorbent

LIU Yuhui, CHEN Tianhu, WANG Can, LIU Haibo, CHEN Dong, ZOU Xuehua, XIE Jingjing
(Laboratory of Nanomineralogy and Environmental Materials, School of Resources and Environmental Engineering,
Hefei University of Technology, Hefei 230009, China)

Abstract: 4A zeolite was prepared by using calcination and hydrothermal method with weathered granite sand tail mud as silicon and
aluminum sources. The optimal calcination temperature was determined to be 600 ‘C. Based on the single-factor experiment, in terms
of cation exchange capacity, according to the experimental design principle of central composite, NaO,/SiO,, H,O/NaO,,
crystallization temperature and crystallization time were all optimized. The optimum parameters were determined to be
Na,0/Si0,=1.42, H,0/Na,0=61.00, crystallization temperature of 90.89 C, and crystallization time of 8.16 h. The corresponding
optimum was 198.50 mmol/100 g. The as-obtained 4A zeolite was characterized by using scanning electron microscopy and X-ray
diffraction, indicating that it was highly crystallized. The removal mechanism of NH, N from the solutions with the 4A zeolite was
attributed to the ion exchange and NH, N adsorption on the 4A zeolite, which could be well described with the pseudo-second-order
kinetic model and the Langmuir model. In addition, the maximum adsorption capacity to NH,'—N was calculated to be 102.04 mg/g.
Therefore, this 4A zeolite could be used as highly efficient adsorbents to remove NH, —N from water.
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%, THER TR RIS Yk CIBmik, Mgy
TR T Eh AR, S5k KRV e,
IKGERb A e 3 Bl T B I 4R 2 SR RIER L, /N
SRR R PR ERED, SR BIRIR S
4A WA — P 2 ALTCH VR RE R Sh i AR AR,
B R R S T T AR A AR A U T A . s S A
JR - ek S DU TR R RN R DY TR TR 1 4A B AR TR
FLEEH . BT AR E 20450, 4A Ba B R
FLBRSEH TRPHEE 5 PHE FRo k. LR
KEEHS A, (E1R4. (LT, R, BEST L 2
RS, AR 4A B EEFIHSAT G ms A B
BORSAE ABIEATREIRD ", ATIIRE LR, iR
% R A AE 4 25 1 ARSI R P R e Hh =6 2%
S NEIRA, HE A R 1) SiO: ALO(BE/R E) 5 4A
BAAHIE,  RIHE R 4A A NN TR ELR A R
PR, R —FhIEAE 1A B A 2 T R R

1.1 JRRARIE

B AA WA TR AR A R E T R YH B TR
T BERH 2 7] RAAE & 5 0 Pe b 5 R (BT FR
). H 2700 B! X S &ATHEXRD) 74 1RV
WAL G BT A S B 4A A AR R, It 4%
. Cu%E, EHIEN 40KV, HHFN30mA, {75
FAAFEE Y 3°~70°, FREHEAR 4 (°)/min. HHA
By X BRSO I (XRF) 0 T R e R4
B MR HE N 60kV, HRN SO0mA. F A
TG/DTA 7300 B EH 73 AT A U R gk
1T HE R R E M (TG-DTG), MR FHE
YERENERZ 1000 C. i SU-8020 37 Kk 44
i H T R AB WL SR iR S, FIH 3000 2 Zeta
FEL IV AY (ZetaSizer) I E & 1 AA 351 (12 5t FRLE KT B
pH 18 . 7K Ff} % B (Novawin 3000e) -, FH &S
— RIS E T AR BET EeRmmAs, ik
A WRER-196 C.
1.2 4ABAERSWMKIEHE

Fledsi: B 100 ) BIRIMANMEFE, £ 110 C
R B 200 B (FALRST 75 pm) B, TN
g, 82U BN [FBsIR B Bbe 1 he

AA A A SR B ARG, BARIR: DA
FARENLL, ANRELLE 2 g POEHLEERE &
HAMWNROKIE B ZETTRE, BB RN
HT AR e R A — B TR, AT RN Sk

MBS OB T

W B S5 7 SRS B AR HI-535-2009 Fi
B A APPSR A EIRE 1 g/L), SRIRIR
PRAEGE 2 TR R B BT R AIGRE, F 0.1 mol/L &
BRI RILE pH {E, LARTRE B L ARSI
AN—EEMEKAA P, BNERKIGIRG 2,
£ 25°C. 150 r/min 264, IR 2 7 i []
1.3 PIBEFRHmAERIERNESE

2R MW E J7 ¥k MR ¥ Nasser reagent
spectrophotometry(44 F 1 73 6 BE v ElAR HI-
535-2009) & 7K HH 2 Ao

HHAA WA CEC(PH B T2 #e25 &) il 2 7
TR ¥ 200 mL 19 5 mmol/L S EVATINN
500 mL #EFEIEH, AT pH RN 7, FREX 0.2 g RifE
/N 75 um WG AA WhARIORL, IMNHETE . 78
25°C . MM HE RIS 10 min, [ 45H . ik
g, WERAMRE, R RN EERPEET
WEE, THE G R 4A WA BH B T e #e 75 & . tha(1)
5155 CEC, H mmol/g Tk KE IR

CEC=(C,-C)xV /m 1)
e C WEE TP ETIREE (mmol/L): Cy N
B IR AR R BE (mmol/L); VN N FH AR B 1
WIARFAL): m BT 4A AT E(g).
14 BEZEXE

i & A IS R JE 2 g, n(H,0):n(NaOy) = 6:5,
n(H,0):n(NaO,y) = 60:1, ffbifE RN 110 °C, Ffbhf
04 12 he fEHESHALRIRHR T, RIREEH
REEL. KENLL. SLIEE. SRR, BERESTE
B AA A PR TS A BRI, B A R
T PR 2R 11 f 3 i L
1.5 Moz EA e Seaeig vt

PRI R, EE R G R ER
2 g, SEIG R HUENRE LL(BE /R E)(A) s ZKEN EL (BB R
EE)(B). @ ALIRFE(C) EALETE(D), KA T OHE
BT SR AT SO0 BT, DABH & 138 #e 25 1 A B
R HEAT W ST 4047, (6 design-expert 8.0.6 # 4t
TG, SEERD AR R 1.

*1 POASIERITERRKF

Table 1 Factors and levels of Central Composite design

n(Na,O)/  n(H,O)/  Crystallization Crystallization

Level

n(Si0,) n(Na,O)  temperature/C time/h
-1 1:1 40:1 70 5
0 7:5 60:1 90 7
1 9:5 80:1 110 9
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(a) XRD patterns of tail mud at different thermal activation temperatures for 1 h
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(b) TG-DTG curve of tail mud
K1 RIRAANFR GG FBUR 1h 5 XRD &A1k
XRD patterns of tail mud at different thermal activation
temperatures for 1h and TG-DTG of tail mud

Fig. 1

I3, 600 CHURHELL G (B 2b),  FARTHEE D,
SR, RS AR EIRGWHEIIR, EAF
FERBA ST 25 Bk, ERFRERAIE IR
F£4 600 'C . XRF 73 #r&5 R (GR 2)&M, Bleth&A
Si. Al. O. K. Fe. Mg %%, B cESER
XRD &5 Rl S R e B Ve A YN -
A 61.30%(FiEDE), Hutl 17.45%, A3k

2 um
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(a) Before thermal activation

2 um
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(b) After thermal activation

K2 RIHIEALHT G H SEM [T
Fig. 2 SEM images of tail mud before and after thermal
activation

x2 AWREREREURIEUERS DR

Table 2 Chemical composition analysis of wash tail mud

before and after thermal activation w/%
Chemical component Original tailings(110 C)  Activated tailings
SiO, 49.80 55.94
ALO3 34.08 38.28
K0 227 2.55
Fe,05 2.14 2.40
TiO, 0.31 0.35
MgO 2.35 0.29
71O, 0.06 0.07
CaO 0.04 0.04
Rb,0 0.03 0.03
Loss on ignition 12.32 0.05

w—DMass fraction.
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Fig. 3  Effects of n(H,0) /n(Na,0), n(Na,0)/ n(Si0,), crystallization temperature and crystallization time on CEC of as-obtained 4A
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(a) XRD patterns of zeolite 4A synthesized under different n(H,0O) /n(Na,O) (b) XRD patterns of zeolite 4A synthesized under different n(Na,O)/ n(SiO,)
* :4A zeolite M ‘Muscovite % :Quartz * :4A zeolite ¥ :Muscovite & :Quartz
. . . ... U _J .. .. 110°C,
J J.. ]U ..‘ . 12h S R © 07 05 TN A S RO SR
RN B T s T O S | | | 100 C
z z I S T DS 30 IR W 1 Y VO YT TR YO
g s gh g ;
E J ié -._,..Jl o ﬂ Lﬂ Jl.l; Mdhanin A %0 .C.x
80 C
el .YJLI_J“l. i OB W ljj .1)L TR RO
b otk " 4h s.______w 70 °C
v ) 2h Pt & s 60.C
Y et Ve ok, b Y ™ . 50 C
10 20 30 40 50 60 70 10 20 30 40 50 60 70
20/(°) 20/(°)

(c) XRD patterns of zeolite 4A synthesized under different crystallization time

R3 KL RE R0
Table 3 Effect of water - sodium ratio on crystallinity and
Productivity
n(H,0) /n(Na,O) Crystallinity /% Productivity /%
30 43.24 43.63
40 56.39 54.96
50 79.93 65.47
60 94.94 74.46
70 92.39 73.62
80 89.44 72.83

x4 NEELEXIESR

Table 4 Effect of sodium to silicon ratio on crystallinity

and Productivity

JE S EA)

n(Nay0)/ n(SiOy) Crystallinity /% Productivity /%
0.6 62.13 50.34
1.0 87.54 57.99
1.2 90.28 72.58
1.4 94.35 73.38
1.6 90.32 74.32
2.0 68.39 54.97
2.4 84.40 5.60

(d) XRD patterns of zeolite 4A synthesized under different crystallization temperature
K4 AFEZME TR 4A P4 XRD i
Fig. 4 XRD patterns of zeolite 4A synthesized under different conditions

RS RUEISRERNEEFN
Table S Effect of crystallization time on crystallinity and yield
Crystallization time/h Crystallinity /% Productivity /%

2 7.63 2.30

4 63.20 62.10

6 89.34 70.46

8 94.13 74.89

12 94.34 75.18

x6 RIEEIEE&R BN RN
Table 6 Effect of crystallization temperature on crystallinity

and yield

Crystallization . o

temperature /'C Crystallinity /% Productivity /%

50 8.24 3.61

60 1035 4.54

70 15.26 5.62

80 80.75 66.30

90 96.54 75.92

100 95.34 74.59

110 94.69 75.47
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231 WRIESEIRAE IR LR BERRR SIS EE T
H1, ARG B A R ) B TN REL
KENEE . SRR . SAERSTE] 4 DMRER, PLFHE T
A4 B (CEC) AW BiAE , skiew it W& 7, FH
Design Expert v8.0.6 FA4-xf & &z 34T 2 7t bl A
A, MEELHERN R EETTR TR
CEC =202.65+8.694—0.30B +3.69C +
11.96D +11.344AB —3.39AC —11.074D +
3.93BC +1.25BD —4.20CD —24.904* —
12.49B% —14.64C* —9.72D?
K 4N n(NaO,)/n(SiO)FTX MK, B A n
(H20)/n(NaOo) Tt LK, € dib AL BE i xof
WK, D R AR TR B 2 AR 7K SF s st g K SF
TER 1 HAf L,

®7 HOHEHEFERITARRER
Table 7 Experimental design and response value of central

composite
Standard Factor CEC/
n(NaO, )/ n(H,0)/ Crystallization Crystallization
order R . (mmol/100g)
n(Si0;) n(NaO,) temperature /'C time/h
1 1.0 40 70 5 117.86
2 1.8 40 70 5 138.57
3 1.0 80 70 5 80.00
4 1.8 80 70 5 147.86
5 1.0 40 110 5 129.29
6 1.8 40 110 5 140.71
7 1.0 80 110 5 113.57
8 1.8 80 110 5 167.86
9 1.0 40 70 9 165.00
10 1.8 40 70 9 145.00
11 1.0 80 70 9 137.86
12 1.8 80 70 9 162.14
13 1.0 40 110 9 167.86
14 1.8 40 110 9 130.71
15 1.0 80 110 9 150.71
16 1.8 80 110 9 160.71
17 0.6 60 90 7 83.57
18 2.2 60 90 7 122.14
19 1.4 20 90 7 150.71
20 1.4 100 90 7 154.29
21 1.4 60 50 7 138.57
22 1.4 60 130 7 149.29
23 1.4 60 90 3 137.86
24 1.4 60 90 11 189.29
25 1.4 60 90 7 190.71
26 1.4 60 90 7 203.57
27 1.4 60 90 7 200.71
28 1.4 60 90 7 203.57
29 1.4 60 90 7 213.57
30 1.4 60 90 7 201.43
31 1.4 60 90 7 205.00

CEC is cation exchange capacity.

232 MMWMEKRIR ST EMMT R 7 FEEE
HEAT RN 50T, 15 303% i TR B (0 7 2 A %
BHRERERILAE R, WR 8, T ES Tl
R T A Ik 2 T R R B AR R f v A e A 2
FE, P>F<0.05 £paAEZE; P>F>0.10 Ry
ANRE . BIHTER FEAN 11475, P>F<0.000 1
Wi 3, RALIAS 35 (P>F=0.993 0>0.05), B [A]
TR R, BAHII R7=0.977 | S5H%E
R*=0.9815 & H 1, HIKT 0.6 IR LA
J Je SRR, X E AR F R LA
4 [RIFXSPHES T 22 e 25 2 5200 T B oK 2/ 2
TREFIE] . BNRELL . RAGIRE . KBtk 28 FRTiA,
T2 AT B A TR Y0 ] P AR b 43 B R0 T BH 2S5
e ST FENRELL(A) KENLL(B) MR (C) &
LI EI(D) DY R 28 Z (A R SR R

233 WA R REA EAER T ma R e] B
SR DR 2 28 LA FH OO PR S 28 # 58 J7 RI RENA o AR B
W 82T 25 tHAZFEAN P (AR KA S ERELL .
AR AR AL TR RS « BRE EL 5 AL IR RS L b A 5
BNREEL L AR AR BN EL A AR IR, ZKEREE
AL R 22 AR AN &, BRI R 2 BAEA
FHREIMK A : KB EL SENRE L L AR LL 5 R i
W), AL TEE 5 AL IA) . KANEE AN AL TR . A
b5 AR . KBNS AR E] . X E AR F

*x8 REFESMREEMHRE
Table 8 ANOVA results of regression model for weighted

average
Factor Sumof  Degree of Mean square F Prob>F
squares freedom

Model 35213.77 14 2515.27 114.700 <0.000 1
A 1812.21 1 1812.21 82.640 <0.000 1
B 2.12 1 2.12 0.097 0.7595
C 326.86 1 326.86 14910 0.0014
D 3435.15 1 3435.15 156.650 <0.000 1
AB 2057.76 1 2057.76  93.840 <0.0001
AC 184.21 1 184.21 8.400 0.0105
AD 1961.38 1 1961.38 89.440 <0.0001
BC 246.88 1 246.88 11.260  0.0040
BD 24.98 1 24.98 1.140 0.3017
CD 281.82 1 281.82 12.850  0.0025
A 17736.24 1 17 736.24  808.810 <0.000 1
B 4463.35 1 446335 203.540 <0.0001
lon 6125.46 1 612546  279.330 <0.0001
D’ 2704.25 1 2704.25 123.320 <0.000 1
Residual 350.86 16 21.93
Loss of

quasi item 76.58 10 7.66 0.170  0.9930

F is freedom.
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(a) XRD patterns of 4A zeolite

(b) SEM images of optimized 4A zeolite
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Fig. 6 XRD patterns and SEM images of optimized 4A zeolite
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Table 9 Analysis of chemical constituents of 4A zeolite w/%

Chemical component SiO, Al O3 NaO KO  Fey04
4A zeolite on the market 32.48 28.17 12.37
4A zeolite of synthesis 3798  26.30 12.05 1.46 1.38
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pH value

(a) Effect of pH value on the adsorption of ammonia nitrogen on synthetic 4A zeolite
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JE8 10 mg/L)yH R LREE B pH (A3, 1E
w1 pH AHCKT 11)E W RAFTE NHs, S 37E = pH
TELRT A5 1 A A0 0] 22 280 P 2 PR o E 1] 7 AT L,
Y pH<3.8 I, 4A WARMER 1L, W IE#RA, &
BT RVEAR B 738 4 S EUE L AA WA TEAR pH (E R
SR R

—— NH,” —o— NH,(aq)

Distribution of NI /%

pH value

(b) Distribution of NH," in aqueous solution
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(c) Curve of the total proton concentration of synthetic 4A zeolite with pH value
Bl7  pH EX AR 4A W AR 2 R S M A0 NH, FE KW P ) 20 A0 S R 4A W0 43 0 0 T-IR P2 B pHL [E A2 1k il 2%
Fig. 7 Effect of pH value on the adsorption of ammonia nitrogen on synthetic 4A zeolite and the distribution of NH4" in aqueous
solution and the curve of the total proton concentration of synthetic 4A zeolite with pH value
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Kz B AA WA s NTEKIERH
2.6 RMNzhHFESWHEEEEEE
S — RS R BB ) LA L 4A
P A S5 R BRI R B S B (R WT R E 10 mg/L
pH=4, WL AN 0.02¢/L), JRERUIT:
In(cy /cpg) =kyt 4)
1/cy —1/cpg =kyt ®)]



249 B T W

MR S WAL R A Perb Ve il & 4A Wb A e U EUR .+ 1437 -

o ca AKHPRAEBERIRE, mmol/L; cao N/K
PR EWIIEIREE, mmol/L; ki, ky ISR EL
t NVEFTE], min.

0.71

—a—NH;" —s— Na*
0.07
0.70

A 0.06 ~
= 069 ‘4
g S
=
g 005 E
I 068 <
§ &

0.67 0.04

0.66 s l ' l ' 0.03

0 10 20 30 40 50 60

t/min
B8 W FEH NH, 1 Na ™24k
Fig. 8 Change in NH,"-N and Na' of adsorption
SR Z sl J e i g5 R an i o(Kl 9a y—
PN F1%, B9 NN F1%E)Fim. M

Y=0.05X+0.2
025 R=0.978

t/min

(a) Kinetics of first order reaction

0.5
| |
Y=0.07X+0.04
0.4+ R=0.988
- [
s
} 0.3
0.2
01 1 1 1 1 1
1 2 3 4 5 6
t/min
(b) Kinetics of first order reaction
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Fig. 9 Adsorption kinetics of ammonia nitrogen by

synthesized 4A zeolite
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Fig. 10 Comparison of ammonia nitrogen adsorption
performance between synthetic 4A zeolite and
commercial 4A zeolite
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