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HH : Removal of Lanthanides ions from wastewater using the novel adsorbent

WZ © ARBFFE et am e i — T R 7 (AC-La) FEZ0R MBS Kb L ERIH 2 oc 28k
T2 o AC-La BN ST R BT HYARRRET 97% DAL > B 78 - $20A084 © AC-La HY&S At
Ve HHR 2ot REE T AR A BE AR XOLEEHTE nT i E AC-La B4l PR (4IE 11) -
12 Forabtbir AC-La (99.9% ) FIEAAIRE Z I (76.9% ) {EHEEAE A48 LRI %
TUER e 2 AE T R S R I AR B A S 0 2T B T YRR T VA B e EE R R AR TR S
A TTZRIVRE JIHYIERE - AT E BRI AU M e R R B PR K -

—T=125°C
—T =700 °C

“ —T=1050 °C

Intensity

10 20 30 40 50 60
20 (degree)

11 AC-La FIFHA[FPR e 2 X Jeaies

13



1.0

0.9

0.8

Removal rate

0.7

0.6

0.5

I\I 0.998
i 3 days
0.769
—O=—AC-La 6 min
i —@— AC-La 12 min
—@— Zeolite-form 12 min
0 10 20 30 40 50 60 70 80 90 100

Operated volume (L)

12 AC-La B (o AR FRAE HHL 4 2 A S 2 T 2R Bl T RS PRASCR E

6/5 (11) RyiRIRHRAE © ML BT RIS - WSS RRIRATZE 19:25 HHORE -

14




KA ERZEEMFEEREb ARE » Y International Conference on Energy and Environmental
Protection jriZe[£8%k 2 2015 [EFETES & © LAV SN ICEEP 2015 » 2835, (SR04l
T
(—) ATAEZYIFTERHTY ICEEP 2015 Hodak F A & ¢ REIRRIER Ry - BRBT R K AR
B B R TR R H MG - BB « kERENE R ERE - AP AL TR
TEaEA oy - B (bR & 2o B AR St - RS amati i % IR 2B 2%
BERARKETEAM G - gk PN el E RS - aERIRITHITE I E R AT
EAE] 2Tt S -

(&) RIS & 2 £ 5 H IR ARt S B R 28 - TR2AT ~ MREERHTTE - HEAbT ST
HFEZ ATV E - REFREAEREFRIER KBl ~ BRETRIER e TAZAH BR B~ B B FE R
SRS EN - WIEEER -~ SR EREMSORZ HEY -

" Removal of Lanthanides ions from wastewater using the novel adsorbent | &= » 2% BRI 5l
BRHE D - SEEHE S T B IRECR - WINHELEE.. % AR ZE ATy E L
JENE B > 7 AR 1 4 n] SRS BB RS BT ATt 2e 0y 1R - B BT X TR [
LZHIAE -

(=) EREm GRS - AOEGEN - (R B S B R R
M e Gk LA CA 2 R S T S AR B b MU B AR R PR B AR
EFE © BB AT 2 A B T A o i AT 5 R B S B4 S BRI R
fi - VB Ry IS K A SRETRRE o AL AN A S 2 R K R RO estE - EEEst
HIH 2o E 40 - Co ~ Cs ~ Sr... 5 By BT R S e 2 SR Jrn B P SR A FAHE - {HH
RSB KEFIREE DL TR REHR - (AR A /K598 S B R4 & ]
RIS 2% -

(PU) {EREIRRMEE Rasiiinasi b > SsCGR PRV T E SRR Z IR5T - BfE © KFZEE ~ B
71~ AERE ~ PRI - ERETE - BUREE R E - mUlE M > DU HA 311 BB K

15



1% > FEITS AR AR - R EE E G EAYKTT ~ KIGRE R KGR E
H AiTEs e i R PHBRE B /2 2 E AR - s A SR BUR BUR R R B S A B il e -
IR HE AN B R B S R R RS SR - X R AN OB -

16



- & B H

(—) BEZICEEP 2015 [RFRErs - a8 £ o £l > A © BRI R By ~ 32
EME R TR ~ B DHER TR LB - BIRFSEAA ~ k@R TR
HoepA B F AR R o BB & S o0 T St - S s th 22 HoAth ERE RS
G R AR EOR B AR SRR R A RIS S B o 2 S8 e - gk
sfamHIN A E BT AR E R EES TEC B4 - A R T Ta T &
ARAAEETERE L2 IS -

(Z) AFTEBOIR B E S E AR L 24 - Pl HET S hl - BB REFRIRSS - B
A0 - R 2P R B 5% ~ BERRRRIT R R SV E RN .. 5 FIAS B G #E R
s L > IEEHE NIRRT B > INIEEE A PTIE S si@E(C 2 B < Bl & - Lies
AFTERIIE B2 F144 1

(2) eEESEMREEDRIFEZIGRT - A e la I ~ BFEI5E - fEm i B UAE
TREFEEST ~ GEFETT - FREELREIRIGHE - K 2B ARAOKEFE 2R - NILOHER
EPEENREEES - W DA ERY BORBLA R B N E LA B3 - A REAE B K S AlTTE

NEFREIR G - (OSBRI R S HIR -

17



K g%

Removal of Lanthanides ions from wastewater using the novel adsorbent

Chao-Chen Hsu" 2, Sheng-Wei Chiang®, Kuang-Li Chien', Zhe-Cheng Hu',
Kou-Ming Lin', Jen-Chren Chung*

11000, Wenhua Rd., Jiaan Village, Longtan, Taoyuan, 32546, Taiwan, R.O.C.

%ikhsu1987@iner.gov.tw
Keywords: Lanthanides ions, novel adsorbent, adsorption.
Abstract.

This study was discussed for the removal of lanthanides ions in simulating wastewater by the
novel adsorbent (AC-La) at room temperature. The removal efficiency of lanthanides ions by
AC-La was over 97 %, except Ce, Nd and Y. The removal rate of lanthanides ions was controlled
by the AC-La crystallinity. From the XRD patterns, AC-La could be confirmed crystallinity in the
precipitate product. Compared the removal capacity of AC-La (99.9 %) and zeolite-form (76.9 %)
at column system, the proposed lanthanides ions removal method has several advantages about
treating time and ability of lanthanides ions removal. The novel adsorbent was successfully applied
to the real wastewater.

Introduction

The contamination of water due to heavy metals arising from mining operations, metal plating,
textile industries, tannery, etc., is a major environmental problem [1]. The heavy metals are of great
concern because of their extreme toxicity even at low concentration and the tendency to accumulate
in the food chain [2].

Conventional methods for heavy metal removal from water and wastewater include oxidation,
reduction, precipitation, membrane filtration, ion exchange, electrochemical operation, biological
treatment, and adsorption. Among all the available technologies, adsorption onto solid substrate
materials has been used as one of the most suitable process for the removal of heavy metals from
solutions. Several solids have been used for the removal of heavy metals such as biomass, activated
carbons, fishbone, zeolites, clays [2-6].

The zeolite as the adsorbent was intentionally selected taking into account its potential
application in the nuclear industry as the adsorbent for the lanthanide radionuclides having in mind
the fact, that the success in the adsorption of lanthanides means also the positive effect in the
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adsorption of actinides since the ionic radii of both element families are very similar. A promising
new use for zeolites is in the reprocessing nuclear waste, transforming it to the safer form.
High-level waste with large amounts of fissile products, among them lanthanides and actinides, is
stored as a salt [7-9].

The aim of this paper is to show that the adsorption of the lanthanides on the novel adsorbent
would be an effective tool in the investigation of the removal of lanthanides ions from simulating
wastewater and compared to zeolite-form adsorbent, however undisputed, is very complicated in
nature and needs further explanation.

Experimental

Lanthanum(lll) nitrate hexahydrate, neodymium(lll) nitrate hexahydrate, samarium(lll) nitrate
hexahydrate, europium(lll) nitrate hydrate, gadolinium(lll) nitrate hexahydrate, yttrium(l1l) nitrate
hexahydrate, calcium nitrate tetrahydrate, ammonium phosphate monobasic and ammonium
hydroxide were purchased form Sigma-Aldrich, cerium(l11) nitrate hexahydrate was purchased form
Merck.

Simulating wastewaters (30 mL) containing with 2000 ppm of lanthanides ions were prepared by
dissolving lanthanides nitrate in deionized water, respectively. AC-La was synthetic by calcium
nitrate tetrahydrate and ammonium phosphate monobasic in deionized water and the solution adjust
the pH value to 10 stirred at room temperature. After the precipitate was collected by filtration and
calcination at 125 ‘C, 700 °C and 1050 °C, respectively. Batch experiments were carried out with
individual ion solution in 30 mL closed vials using 0.2 g AC-La in 18 hours adsorption at room
temperature. Column system were carried out with Eu ion solution in continus 100 L, retention time
12 min and column size was 20 x 1.5 cm at room temperature.

The AC-La was analyzed by powder X-ray diffractometry (XRD, Bruker, D8 ADVANCE).
After experiments the concentration of lanthanides ions was estimated by ICP-AES (Thermo
scientific, ICAP 6000).

Results and discussion

The results of the batch experiments carried out in simulating wastewaters after adsorption of
lanthanides ions into AC-La are summarized in Table 1. The results showed total removal capacity
of lanthanides ions in simulating wastewaters by AC-La > 97 % except Ce, Nd and Y. It is difficult
to understand the reason for the nature of lanthanides adsorption in the AC-La structure.

Table 1. Capacities of AC-La for Lanthanides ions
Removal (%) La Ce Nd Sm Eu Gd Y
AC-La 998 688 566 999 998 97.8 66.6

Generally, with a relevance of zeolite crystallinity the removal capacity of lanthanides ions in
the liquid phase increased, to a different extent. Compared the removal capacity of AC-La
calcination at difference temperature, AC-La has decreased removal capacity more than half with
calcination temperature increased.
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Figure 1. XRD of AC-La calcination at difference temperature.

The XRD patterns of three types of AC-La calcination at difference temperature are shown in
Fig. 1 which shows that when calcination at difference temperature did not detect new crystallinity
phases has been observed. However, the XRD diffraction peaks have significant broadening with
temperature decrease. The results are the evidence for crystallinity of the AC-La structure, when
compared the difference calcination temperature. With an increase of AC-La crystallinity the
removal capacity of lanthanides ions in the liquid phase decreased.
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Figure 2. Effect of removal rate by AC-La on the column system.

Through the batch adsorption experiments, AC-La were found to be successful candidates as a
stabilizing absorbent for La, Sm and Eu ion. Therefore, compare AC-La and zeolite-form using the
column system are shown in Fig. 2. Fig. 2 show the AC-La has superior performance than
zeolite-form, even tests in shorter retention time (6 min). Zeolite-form performed similar ability
with AC-La for 3 days (9.72 L), and then the effectiveness was greatly reduced to approximately
0.75. So far, AC-La still maintains approximately 0.99 removal rate for the column tests, even
through 10 times operated volume of zeolite-form’s.

Summary

In summary, the removal capacity of lanthanides ions in the liquid phase by AC-La samples was
successfully. The removal efficiency of lanthanides ions by AC-La was over 97 %, except Ce, Nd
and Y. The reduced efficiency of lanthanides ions in batch adsorption experiments should be
carefully considered for AC-La crystallinity. With an increase of AC-La crystallinity the removal
capacity of lanthanides ions in the liquid phase decreased. The column system test at same retention
time, zeolite-form with reduction of the removal capacity by 23 % for Eu compared to the AC-La.

The observed good buffer properties of AC-La are particularly important for its possible
practical application (treatment of wastewater from chemical processing).
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