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NaA i £71 ( Sigma Chemical 2A#]) ; CaCL#ll Ca(OH), & A. R. 9¢; "R EBE FIK. Agilent 4294A %!
i BT AL ; XRD-6000 £ X S by R AT ( Shimadzu 22 ] ) 3 PHS-25 BYFRBE 11 (5T 180 A
AR
1.2 SLIGHTE

¥4 3 ¢ NaA WA HCA 500 mL 0.2 mol/L CaCl, /KW, MA i Ca( OH), #A W pH (HIH T4
10, RPEREHIAE (60 £1) °C, FERESIEFE F AT Na* Fl Ca®* (UASHe. 3813 AN [R) A9 185 2 e ik ] 2 1 5
THIACHALRE. A %I7ES, 13, 18, 23, 30 140 min A5 13540, BkE St 38 5 28 TS VR LA 255
FMGIFA Ca® . A THIE NaA 765 FAcHad B b a5 et , AR B - 3C el (] Y Ca-NaA i
ATICE T 300 CHRIS B dBbE 2 h, SRJE X HEA T XRD Z5H 3R A0, [RIAHEA 5 A el ', JoR Y ]
40 Hz ~ 110 MHz, A HE R 500 mV, AR R FR1E (20 £0.5) °C.
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SRR B A R L H A (e, &) . BRI BR L 3 (K, , Ky) LA SRS R (f, ) Bt
Bt 17 =1/ (2mf,) ]. ST RAFER—sh B HLHI A A FL i, Debye 28 3 RE % B 3R H A B AT
K. R T IR AT REHE S AT R BN ) FEAR AR AL, HERR R ERAY HSth IR SRR S A, SR T — R AL
AR BRI R R, Rk .
e" =g, + (& -&,)/[1+ (jor)?] + k/joe, + Ao™" (1)
K, AR m AR A2 IR H L, T Origin BAFEA TRCHEADL A I AR F1 00 128 205 SR A AR E TR A T B L. 4
Jei DS 56 A fEL B RP e  F AR R AR A TR, B T AR BR R A ELSE A R R, AR PR Maxwell-Wagner
(M-W) S AL FEE T, Hanai 2821 T8 AR MRS HUR (G A SCR R HERUR ) Bt ihi il
N ER DU RT/N W
[(e" - )/ (e, - )] (e /e")" =1 - (a/b)’ (2)
AR p, m AR R AR RN R, o FHORFEAR, b SRR FER DI B A —2F.
2 &REU®
2.1 XRD FRI1E
FIF XRD XA [R] B F 22 e (8] R 1) NaA Wb A3 #F ST T 45/ RAE. 1 ATLUE H, MBS T3
40 min I, BE 5 BERAEAT S5 5 NaA Wb 4 bR iE
T & (JCPDS File-39-0223 ) AT38K A =& 4 1 Xof 1y .
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2.2 AEZA#HATET Ca-NaA #HARIMIEITA
WP Ca®* 5 NaA W4 Na* 7B 732

W, Ca®* AR Na® HORHE G0, T Na® a9 i L Ll
HEAWE. DRI AR ) T Ca-NaA B 73 92 R
EEIJ%( Kl2) AT DATE A A SRRl £E 10° Haz BT 31 Fig.1 XRD patterns of NaA zeolite(a) with
SRS, Wb A TR FE B S EGE R M-W AR 40 min ion exchange time(b)
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Fig.2 Permittivity(A) and conductivity(B) vs. frequecy and ion exchange time for
NaA zeolite/ H,O bulk system
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KE. MHEAF(1) X548 Ca-NaA/KHERRIA R AT RS EAS, 400 T 1.

Table 1 Dielectric parameters of Ca-NaA zeolite/ H,O bulk system with different ion exchange degrees

t/min &) &y As B 108 74/ k/(S-m™1) k,/(S-m1)
0 1737.5 54.5 1683.0 0.88 1.46 0.048 0.0703

5 1484.2 52.3 1431.9 0.83 4.13 0.016 0.0254

13 1290. 5 52.4 1238.1 0.78 7.42 0.011 0.0168

18 1170. 1 53.0 1117.1 0.77 8.84 0.0086 0.0125

23 1037.9 51.7 986.2 0.75 10.2 0.0085 0.0122
30 949.2 51.9 897.3 0.75 11.2 0.0073 0.0103
40 918.2 51.6 866.6 0.74 11.5 0.0057 0.0079
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Wi Ca-NaA fY HL S5 14 B Bl 25 125 - 58 8 88 A0 398 Jon oy I g8 BRI, Xt —2BIESE T Ca I HE A 380 S2
MBS B SR Ca-NaA R0 F A HLH O 32 2B Fc i sg i, IR AORFRAE S0 A4y, X 156
B P A B I B A SR b AR T A S AR AR BB B R BCE Ok [ T IES AR Y TR, A
YR S1 M BHES F B AR B BR A S2 4% 137 BH S - AY-K AR Bl T 0k WA [ X A s i Ak, i
AP JE A A L RO AR AR, BOZ R BRI T I PR A IE R B AR S R Y, B H Na®/S2
KR S DT AR AL 30 Ca®* /ST AR BRER TR, (U2 MAHSEUH AT & B Ca-NaA KL T4 HLH
BOTEA Z BB T AC e m . XU Ca®' /S1 B b B Eokeb T B T S2 B4 B i 54
FIHAES TR ARG, e 2 AR PR T B AR i B R & A=A k.

Table 2 Phase parameters of Ca-NaA zeolite/H,O bulk system with different ion exchange degree

t/min g, k(S m™) 100k, /(S m™")  (a/b)? +/min ey, k/(S m™) 10*k,/(S m™)  (asb)?
0 51.7 0.074 3.5 0.93 23 49.8 0.012 0.93 0.93
5 49.9 0.026 1.6 0.91 30 50.1 0.010 0.83 0.92
13 50.6 0.016 1.0 0.93 40 49.9 0.008 0.63 0.93
18 50.9 0.014 0.97 0.92
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252 RER AT S IRIE] - ATAF R A 7 = (1/2)vexp(E,/k,T) -1 | X B, RAL B T 1)
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g1, (HHEFEREE LAPE Ca® (4 B fap (v BH” . 3 P i 24 B 2 A BT 5 R A 0 o0 e A ) st T4 i []
PR, B AR < F far (o7 B 2B B KT S g ™, AT 3 Ca-NaA W5 IR BT RIFE S Ca®* (198 AT A
W
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/NP2 R Cole-Cole AR, Aot A —ALHI S DAY, WIZ B A6 28 B (HHEEE T 1. R4
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ACHBE R ARG, Ca-NaA 9 B {HZ W 0. 88 FEAKZ 0. 73. Uil T Ca®* I E A 22 Ca-NaA it

BRLIR 2 R AT AR A Pl 0 I o 0 A
B3P HT T LA 5 244 3 40T 13510 40 min B, Na*/ L % + CoaATO
SO FR Bk (L H A7 2 MR 598 2 65 5 0 P,

B A5, Pty T T KRR Na* 7E22

TEHELE S AR IR AZ B A 2 HiL £ AR SR L I 5 v
M2 HELE 82 A% I 52 B Y /& Ca®* 114 H A7 32 FH.

X 2E SV B A A T BON[R] MR ) Na ™ f 5t 7R 105 =089 e
AIFFAEZESE. BOA Ca® ACHRIE R ARITH N, XA~ T T T T
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KRR T2 e I ] 2 40 min 1 Ca-NaA/ 7K H A Hi ig. ielectric parameters fitting of NaA/H, O
RN = ’ Ca-NaA/ /K& B B 55 = AL 4 b 7 and Ca-NaA/H, O bulk systems
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Dielectric Relaxation Spectroscopy Study on NaA Zeolite
in the Process of Ion Exchange

ZHOU Wei'?, ZHAO Kong-Shuang'”
(1. College of Chemistry, Beijing Normal University, Beijing 100875, China;
8 Yy ying Yy ying
2. College of Chemistry and Environmental Engineering, Beijing Technology and Business University, Beijing 100048, China)

Abstract The dielectric properties of NaA zeolite with different ion exchange degree were measured by DRS
in the frequency range from 40 Hz to 110 MHz, and Cole-Cole equation and Hanai method were used to attain
the dielectric and phase parameters. The results indicate that the dielectric increment, relaxation time, relaxa-
tion time distribution parameter and conductivity of particle decrease with ion exchange degree increasing. At
the same time, the dielectric constant of particle is independent on the ion exchange degree. By meaning of
comprehensive dielectric analysis, the crystal lattice located by Ca’* is infered to six-ring site, Ca’" at six-ring
site and Na " at eight-ring site are equivalent on the contribution to the polarization of zeolite particle, and the
electric field becomes various with Ca®* exchange.

Keywords Dielectric relaxation spectroscopy; NaA Zeolite; lon exchange
(Ed.: V, 1)



