56 ) R 5H A No. 6

2021 4E 12 J Conservation and Utilization of Mineral Resources Dec. 2021

RARBL K 3 F KL Na - P i35 K& H W% Bt 45 B9 1
RERF
FAY AR, G T

1 BRPTRHIE A BRBRE: 5 TR, DY 5% 7100215
2. BRPGE TERUBDR €0 5 DDA T 92305 DRI 7% 710021

FESFE S TDIS5;0647.3 XEFRIRFE:A XE4HS:1001 -0076(2021)06 - 0096 - 07
DOI:10. 13779/j. enki. issn1001 - 0076.2021. 06. 011

E LAAERTEE7H X RAR S A 8 UL, % LA T /K BRSSPkl 4 Na - P b fr o SRAT X B RATHHX X SOt HL T RE T
ASCARME B 198 i B AN BRI AW (S X DR T AL ST AT, R CA° " B PO bR T 45 B 1 5 Bkt . BF s it
B L KRl BE RN TR] 0T SR A1 45 AL R 2 R MUY , 36 ST T 1 45 Na — P i A7 19 4SS5 M BRI I T i 1 1 LB PR i
LR AW] 78 NaOH ¥R JE 3 mol/L /K HGHLE 100 °C JKFAMFE] 12 h i 25N, R A b A T Fe A M SEBEBGRI ) Na - P ilifa o JIT
FFREREX Cd* ™ M B 25 5y 35.7 mg/ g BERIRMBATHRTE 7 £ o Na — P ¥ MEREAYERTE A2 F AR A TS HE RIS B 1

M Na™ 58
KR KIRRER AT s KIAAEHE Na - Pl 75 Cd™

5 &

KIR A R— RIS KRRy W, e B
SR AR R E s, AU TR [ Bk ak 40 {2« A2A, 0
PR S EL B 400 434b, @ TR E A AE 4 B o = 0 U .
AR AT B HURR (4 4317 L B 58 48 | WL S A i 0 25
Rk, MR C AR TS KA B | 308 8 N5 AL S R
RS . ERTE A KSR A 80 AL A T
My FERANF A B £ ARG Lok 22
YEREEY, FAING R e IR e A FIE NV R P I FrA
SR R R A R RO R . R,
TR AR A (LR Z A 4 ~6) , 51K
FEBA (REEREL M 1 ~2) M EL, W7 58 4 BH S 1 H00 AR
B, B — B0 B T S M AR AR — 4 B
B Ca®t ), DTS L BB 5 e (AN 4R
BH 25 T) BOAL BRI R A 22

Na - P @ A1 & —Fp B AT GIS 54 ity i 41, e F2 4L
B 8 LA, FLISH R 0.31 nm x0. 45 nm F10. 28
nm x 0.48 nm™ , Na — P b 77 #9 fk 2 41 B — i H
Na, Al Si, 05, + 15H,0, 3 Si/Al WA, 5k &4 £

s B H5:2021 -11 - 12

BRI ACHR B - Na ™, HA 53 108 1 3 4 M fig A0 i
BHPERE " . HAT Na- P f S8 2R Tk H 2
ﬂl % % ( ﬂl] NH4+[8] R Caz+[9i R Zn2+[9—10] R Mn2+[11] R
cgzrim-r . pp** ! . g2+ [ . Ba’* ™! . Cu?* -1 N
N2 B Ab B, Na — Py 8 R AR PO 26115,
Jt DR — 18 oAy i 2 Ak 27 3 500 (2 ek 3 TS A Al 40 TR
B R AR R . AR R, P IT 22 IR R
PR ARy CAnops B2 70 (R SR (K SR
AT SRR R AL 25 R 4 Na - P b AT
X HA F KSR A 4% Na — P b A B B2
o, FEAARBAE (1) KRR A7 4L Na - P il f7
I, — AT EIR BN B RE TR RIAR U85 (2) KRR WA
w0 T S S W LB AR T AR X A
B 25 R 5288 Na — P i3 i 4k

JUETHTANE SR CUE S, SR K I 16 AT K 4K
A AL Na — P A, {H G T /K Ao M 2o 72 1) 52 i)
F N HALER | K S 7 Y 2 R F R i A
(& ) Na — P il £ S5 40 R B 42 Ja8 5 1 2 o 12k B 5 ) A 1
ARFRABISE AR . NI, A8 SC LA 6 & 7 [
HOIX KRB & 04T T FE % 52, b LR AT 7K PR Ak B

ESWH : FEK A RFEIS (51604170) ; p EA4 )5 564 (2016M602936 XB) ; B PG 45 TCHLA Ak (0] 45 55 D B AL F 1 S5 30 2 Pl ik 42 (202007 )
TEHE RN ERO1981 - ) B 1l @Iz, A58 07 19 0 AR A S 3R BE AL, E - mail : wangcheng@ sust. edu. en,



F6 M

FRE, 55 RIRRLR W A1 K AL Na — P il f7 S HLW B ) PR BB BIF 5% =97 -

Ok DL A Na - Pl 47 W B 5R) o $209F 7K ik B i
JEE 7K FAGlR JEE TS T8] 252 R 28 0 7K™ W L 4 1 72
Wi S HCHLER, TRAMIEFE i ] 4 Na — P il f7 B9 41 b 4
ALV B 1 R BR PR RE o O R IR A BE IR A s K
A B Na = P il 1 1) il 5 -5 BR 8 0L 4R (I — 2 (1 HLe
A S

1 RS

1.1 RIRE A R i3

KR AR ity i b T [ R A BR A w4l )
BT AR AE B X, X ST S A A A i (&
Hi%) 45 5K B, I FE i 2B 84, T4% LRk A1
10. 13% A1 5 H1 5. 14% R4 . B TRV A 5 22k
WY BERER R A H P A 3, AR ME 43328, PRt AR
IRIG A XS B S e — A R Al ARk S (A
ali) i | iR T R R A FRA

IKATRAEFET 20 B S g 4660 C H 25 T 24 h
kA A SIS 50 mL SR AR W 8 B R
RS 15 min J5 , AR U M v 2 T B O &2
BT HUR P ROV — BB ], 225K A P R R A YK
D ZUOKEZE P T S

1.2 FESH

K X GFEATH X (AXS D8 — Focus, {8 [E 1€ 5
IS E]) KRR S SRS R AT 48T, Cu B8, TAE R R AT
JE43-9 8 40 mA 140 kV, RA X Bt FREE Y
(AXIS SUPRA, H A5t Kratos 23] ) XA il (19 K T T
RS REIAT M. RS (Gemini V
112390, 35 [ 57 v SRR 7oA W ) XL i 9 B 2% 1 B A
FLEEHIIAT T . SR R HL 5% ( Verios 460, 25 [ FEI
OS] FECAS O RE 1% 20 BT AN R i 1 008 T2 350 R 3% Tl
TCER T

1.3 E&RBETFEREETRH

KA CA™ B T I MR B T sc b B . I B
TG 2D BRINT B —E B b A ARSI — S E WY
Cd™ BSFIRI , #E = R IR A3 E — a2 i ] o I B
— eI RV, & B0 e R T B S A R
S S T R P RS T MR . B R X CdT IR
BEA R AT A= (1) T3

q,=(Cy-C,) = V/W (1)
frog, AWM 2R, me/g5 Co A C, 50 351 D T 00 B
FE AU mg/ Ly V U W R AR, L W ok MR o 550 174
M, g0

R FHUE—GORIME R 8 Iy BRI 5E Cd™ g
BiF S 2 AR, —F AT AR I (2) M(3) pirid

In(q, —q,) =lng, -kt (2)

t/q, = 1/(kyqe®) + (1/g,)t (3)
2k, R PR E (min ") ok, JEHE G
MR (g - mg™' - min),

X Langmuir £ Freundlich W B4 7Y 6k 0 JiF 4578
LHATILE , —E MR (4) #(5) ik .

1/q,=1/q,,, +1/(K,q,,.C.) (4)

Ing, =InK; +1/n InCe (5)

1 q,,,, R FE RS G0 e R M B (me/g) 5 K,

Ji Langmuir 3 50 (L/mg) 5 K, J& W% BE 25 85 19 58 47 ( %

(%)") oK (B R W B A5 1/ SRR I B 1R A
FIME, n > 1 7R A RIS 2501
2 ZHREIE

2.1 JKERBRACERNS RARF K 35 S BB T

K1 RRRE KA (E 8 NZ) Rl 1.2 3 .4 mol/L
NaOH Ab B (/K #AJEE 100 °C K E] 12 h) BE 5 (5
Sie A NZ — 1M \NZ -2M NZ -3M NZ —4M) 1§ X &
LTI (XRD) Kl . AIEIH AT LAt KRR R R B A
e B SRR A A SRR G, H NZ -
IM FiIl NZ - 2M KE&L ) XRD &35 5 NZ RS A H R &
HE B AR AL, W I A6 TR R AR b A 45 M R R A
A% {0~ XRD 3% A 44 % k47 (020) 4b 45 AiE U4 fi 5
BERE NZ R i 30 25 AT, U0 B i R 485 0 B R e, X v
AEJE h TR BRI AE A R T EC ™ . NZ - 3M Fil NZ
—4M FE 5L %) XRD &3 b w0 A i R AE 06 LT T
0, LT BE A Na - Pl A (9 RRAE 0% , R B AE LS5
TR E A AR R Na - P fifr o BEAk, AN [R] vk B2 m Ak
FUFE T XRD [EE i 2RI R A A0 R AL 06 3 R % A
BB AR L, R A PR A LR S 5 RO .

100°C 12 h O HEHA
& m 3
8 g s 88 o= 2 e FilE
g < § << -2 o + Na-Pi# &
* + ;B : +
E—— I A A NZ-4M
L j wfl 5 NZ-3M
g g 8 i %8
e < 9
% o ° )
B - NZ-2M
1 WY i Ml 4 NZ-1M
T T T T
10 20 30 40 30
20/

B 1 AN[F] NaOH ¥ EZAR B R AR ) XRD &l
Fig. 1 XRD patterns of samples treated by NaOH with different
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Hydrothermal Transformation of Natural Clinoptilolite Zeolite to Zeolite Na — P
and Its Adsorption Property for Cd ion
WANG Cheng'*, YU Jiale', FENG Kai', WANG Lipeng'

1. School of Material Science and Engineering, Shaanxi University of Science and Technology, Xi’ an 710021, Shaanxt, China;
2. Shaanxi Key Laboratory of Green Preparation and Functionalization for Inorganic Materials, Xi’ an 710021, Shaanxi, China

Abstract ; Natural clinoptilolite zeolites from Weichang region, Chengde city, Hebei province were transformed to a zeolite
Na — P using hydrothermal method. The as — prepared materials were characterized and analyzed by X — ray diffraction,
X —ray photoelectron spectroscopy, gas adsorption instrument, scanning electron microscope and energy spectrum analy-
zer. The heavy metal ions removal performance was evaluated by Cd>* ion. The effects of alkali treatment concentration
hydrothermal temperature and time on the structure of natural zeolite were investigated. The composition, structural char-
acteristics and heavy metal ion removal performance of the prepared zeolite Na — P materials were further studied. The re-
sults showed that clinoptilolite could be transform to zeolite Na — P with 3 mol/L NaOH solution under the conditions of hy-
drothermal temperature of 100 °C and hydrothermal time of 12 h. The adsorption capacity of the obtained material for Cd*”*
was 35.7 mg/g, which was 7 times higher than that of natural zeolite. Its excellent performance was mainly due to low sil-
icon/aluminum ratio and relative higher exchangeable Na ion content.
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