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Regeneration of Modified Zeolite Saturated

with Ammonia Nitrogen by Microwave
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Abstract ;: Modified clinoptilolite saturated with ammonia nitrogen was regenerated by microwave radiation alone
and microwave-assisted regeneration solution, respectively. The study showed that the poor regeneration effect was
obtained by microwave alone. The adsorption removal efficiency of ammonia onto spent zeolite after regeneration re-
stored to 32. 31% under the conditions of the power of 462 W and microwave radiation of 12 min, and the regeneration
rate was only 44. 88 %. The regeneration effect of the saturated zeolite was highly enhanced by adding mixed solution
of NaCl and NaOH. The saturated zeolite achieved the maximum removal rate of about 71. 92%, and the regeneration
rate was close to 100%4, when it was treated in NaCl and NaOH mixed solution concentration of 0. 01 mol/L, the rati-
o of solid to liquid as 1 ¢ 50, the power of 700 W, and the microwave radiation of 4 min. For all the zeolites before and
after modification, adsorption and regeneration were fully characterized by Fourier transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) technique. The re-
sults demonstrated that zeolites mainly exhibited cation exchange in the process of modification, adsorption and regen-

eration. Microwave radiation accelerated the exchange process and deepened the ion exchange equilibrium degree be-
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tween NH, ™ and Na' , which contributes to the NH, " desorption from zeolite framework fast and completely.

Key words: ammonia nitrogen;saturated zeolite; microwave;regeneration;ion exchange
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Tab.1 Chemical composition of the raw zeolite

% Si0; Al O3 Fe; O3 CaO  MgO K, O Na;O

A%/ % 66.27 9.48 1.75 3.16 1.07 2.54 0.89
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Fig. 1 Effect of the irradiation time on

regeneration by microwave radiation alone
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Fig. 2 Effect of microwave power on the
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regeneration by microwave-assisted solvent
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Fig. 7 Effect of regeneration times on
regeneration by microwave-assisted solvent
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Fig. 8 FTIR spectra of different zeolite samples
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Fig. 9 SEM and EDS spectra analyses of raw zeolite, modified zeolite, saturated zeolite,
and saturated zeolite after regeneration
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Tab.2 Results of EDS analysis of different zeolites
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Tab.3 Effect of regeneration conditions
on the regeneration

LR B £ WHWE WA EERT
(0] 43.04 41,52 41,60 43.04
Na 0.61 1.57 0. 64 3.20
Mg 0.48 0.59 0.52 0.63
Al 8.73 9.10 9.48 8.93
Si 38.67 41,22 43,78 39,65
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Total 100. 00 100. 00 100. 00 100. 00

3.3 MKEBBERNEEEHANIIE

Ty AN [R) o Dbl P2 I A S ok A OBIR S
A 255 R E T2 AE FN Wb A PR & R R R AR
T RT3 BRI

454 FTIR #1 EDS 73 #r 45 5 K3 3 %ol ok £1
U B PR A e AR R B A S AL AT

e

Z K"+ Na"Z Na'+ K'

7? Ca’"+ 2Na® Z* (Na'),+Ca*"

i Ff <

=51 = B 3%

pyn /W %ﬁhﬁg{zﬁf; MS%” i\cliofi
/(mg+L™1) /mL /%

119 38.00 28 51.12

U 280 28. 50 20 65. 41
oA 462 19.70 18 70. 45
A 595 15. 89 15 68. 91
700 11.47 11 72,27

BRI A 88.70 30 70.73

4 & i

1) BA b A I8 1k T A I A 2 26T R i A BT A
TEFKM R T3 462 W, 0 4R ST B E] 12 min, F
AR A R A KRR R E 32,310, 15
HE AR 44. 88 %.

) ARAT T A BA R P E R E TS
NaCl fl NaOH 1B & ¥4 0. 01 mol/L, [& ¥
I 50,503 700 W, B B 8] 4 min B 550F T,
FAGRARRERERN 71 92%. 558 T 2H
AL G5 WTAE IS Wk A W R i R B R R R R
Bt FL T A 500 e B 7 A B ) L 22 R T AR R KT



5% 12 3 A RS - DRI 0T R B A AT A P A 147

WLV 700 P A 05 2R T ol il i B s 9k P A k0 e —
ol bR | i 25 AR T

3)EDS il FTIR 2 73 #r 45 532 W] b 41 78 ik
R A A o A o A AR ) R AN TR S 1 ) 52
T L R B R 1P A LR S RO I R
JEdRE T NH, "5 Na™ B9 54 30 IR 1 8 7
SV B R BE L AR B T A AR R R A
A% NH, 5820 R k.

2% 3Tk

[1] LEIX, LIM, ZHANG Z, et al. Electrochemical regeneration of ze-
olites and the removal of ammonia J]. Journal of Hazardous Materi-
als, 2009, 169(1/3): 746—750.

(2] JREA L 8AIE SO X0 /N, S, B s A R B R 2 B R TS s DR

WK P F AT g [V, Al FREERL 2424, 2013, 32(12):
2488—2494.
WEN Guo-qi, HU Zheng-yi, LIU Xiao-ning, et al. Removal and re-
covery of ammonium nitrogen from phosphorus-removed human urine
by modified zeolite column [J]. Journal Agro-Environment Science,
2013, 32(12); 2488—2494. (In Chinese)

(3] BRMEEE, XA A& AW NH, T -N /935 465 7 AR 7 ik B g
(I, 4O IRBIRL 244, 2011, 30(4) . 733—738.

CHEN Hui-xia, LIU Xiang. NH; "-N adsorption and regeneration
of activated clinoptilolite[ J]. Journal of Agro-Environment Science,
2011, 30(4): 733—738. (In Chinese)

(4] FHIEFLSR AESSIT, S5, I M i 0l A o 2 280 100 W2 R e 1 % A 0

TN, BB TR, 2012, 6(10): 3424—3428.
TIAN Lin, KONG Qiang, REN Zong-ming, et al. Adsorption char-
acteristics of activated carbon and zeolite and their biological regenera-
tion[ J]. Chinese Journal of Environmental Engineering, 2012, 6
(10); 3424—3428. (In Chinese)

[5] ARHGte, DHETT. orhvh A 0% b 2l B M i Ak = iR e ) ). %4

SRk, 2012, 12(1): 81—85.
DAI Rui-hua, MA Jie-ting. On ammonia-absorption from sewage by
means of modified zeolite and its electrochemical regeneration[ ] .
Journal of Safety and Environment, 2012, 12(1): 81—85. (In Chi-
nese)

[6] LIM, FENG C, ZHANG Z, et al. Simultancous regeneration of ze-
olites and removal of ammonia using an electrochemical method[ J].
Microporous and Mesoporous Materials, 2010, 127(3): 161—166.

(7] WE BT R E R 0 SN B W A X VR WA W B AL 3.
FAALARMBI B2 AR AR, 2014, 42(1): 218—222.
CHANG Chen, XING Ze, CHEN Yu-cheng. Treatment of biogas
slurry with microwave-NaCl modified zeolite[ J]. Journal of North-
west Sci-Tech University of Agriculture and Forestry: Natural Sci-
ence Edition, 2014, 42(1). 218—222. (In Chinese)

(8] ZE il Bede Wh/NJE . A5, AW oM Xob i P e e HL e R A ) 2
W L] R K4 SRR, 2014, 41(7): 78—83.
LI Li-ging, LIANG Xin, YAO Xiao-long, et al. Effect of microwave
modification on activated carbon and it’s adsorption of methanol[ J].
Journal ofHunan University: Natural Sciences, 2014, 41(7).78 —
83. (In Chinese)

[9] HAN R, WANG Y, SUN Q. etal. Malachite green adsorption onto

natural zeolite and reuse by microwave irradiation[ J]. Journal of

[10]

(11]

(12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

Hazardous Materials, 2010, 175(1/3): 1056—1061.

FOO K Y, HAMEED B H. Microwave-assisted regeneration of acti-
vated carbon[ J]. Bioresource Technology , 2012, 119 234—240.
k. R A B F otk g RN I, Jbst Bb2 et
1986:176—178.

ZHANG Quan-chang. Ion exchange properties of natural zeolite and
its application M]. Beijing: Science Press, 1986: 176 —178. (In
Chinese)

MG AG TR BT R A5, AR SO A e T B S SRR 1
T, AL T2, 2013, 64(8); 2989— 2995,

LIN Hai, YANG Su, HUO Han-xin,et al. Effect of sodium chloride
on microwave-assisted removal of ammonia nitrogen by natural zeolite
[J]. CIESC Journal, 2013, 64(8): 2989—2995. (In Chinese)

LEI L, LI X, ZHANG X. Ammonium removal from aqueous solu-
tions using microwave-treated natural Chinese zeolite[ J]. Separation
and Purification Technology , 2008, 58(3): 359—366.

I KBS BB, 5. SDS X k5 Bk A A IR R R 2 AUk
s T]. W K== R B ARRER, 2014, 41(12): 89—95.
LIN Hai, ZHENG Qian-gian, DONG Ying-bo, et al. Effect of mod-
ification by SDS onroasting-assisted[ ] ]. Journal of Hunan Universi-
ty: Natural Sciences, 2014, 41(12):89—95. (In Chinese)

AT AR A5 A AT A B2 2 U K R B A R o7 B i
[J]. LT3, 2010, 61(1): 216—222.

LUO Xian-ping, LI Jian-chang, YAN Qun, et al. Screening of opti-
mum adsorbents for treating wastewater containing low concentration
ammonia-nitrogen[ J ]. CIESC Journal, 2010, 61(1);: 216—222. (In
Chinese)

WEHRI PR AR W AF, SR R T SR AL TR A AR s — R R AR
AR BRI E A= BOR [T ). J7 AR AT, 2010, 37(4): 3—5.

PAN Neng-ting, SU Zhan-jun, CAI Xian-ying. Regeneration en-
hanced by microwave radiation; a type of environmentally-friendly and
energy-saving regeneration technology[]J]. Guangdong Chemical In-
dustry, 2010, 37(4): 3—5. (In Chinese)

AV AR R IR AL, (e By NH_ACL e i 7 R L 7E 1895 b4
RHR R ALY AR R 4R AARFHA AR, 2013, 43(4): 835—
839.

ZHOU Bo, ZHENG Jia-yi, CHEN Zhen-gian. Modification of natu-
ral zeolite by microwave assisted ammonium chloride and its applica-
tion to humidity-controlling materials[ J ]. Journal of Southeast Uni-
versity: Natural Science, 2013, 43(4); 835—839. (In Chinese)
ALSHAMERI A, IBRAHIM A, ASSABRI A M, et al. The inves-
tigation into the ammonium removal performance of Yemeni natural
zeolite: modification, ion exchange mechanism, and thermodynamics
[J]. Powder Technology . 2014, 258 20—31.

HUANG H, XIAO D, PANG R, et al. Simultaneous removal of
nutrients from simulated swine wastewater by adsorption of modified
zeolite combined with struvite crystallization[ J ]. Chemical Engineer-
ing Journal, 2014, 256, 431—438.

KATAL R, BAEI M S, RAHMATT H T, et al. Kinetic, isotherm
and thermodynamic study of nitrate adsorption from aqueous solution
using modified rice husk[J]. Journal of Industry and Engineering
Chemistry, 2012, 18(1): 295—302.

JUSHT IR BOMRE S, OB AEWh A0 4 F ORI g e i AT .
b TR, 2005, 24(11); 53—57.

FAN Jing-xin, SU Gang, DUAN Lin-hai, et al. Application of mi-
crowave to zeolite research[ J]. Chemical Industry and Engineering
Progress, 2005, 24(11); 53—57. (In Chinese)



