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Table 1 Chemical compositions of the three natural zeolites

Atk Si0, ALO; K,O Na,O Fe,0, MgO TiO, CaO Others

Z1 75.61 11.8 4.09 0911 147 1.17 0.199 441 0.34

72 77.89 11.81 3.37 0.838 1.89 0.853 0.146 2.92 0.283

Z3 7357 11.65 3.0 0.697 157 127 0.209 6.77 1264

F2 ZFRAMBAMESEICRS R /(mgkg")

Table 2 Heavy metal content of the three natural zeolites

FE 71 72 73
i o(cd) 1.25 2.32 1.92
# (Cr) 26.3 30.55 30.15
#r (Pb) 16.9 52.9 18.4
M (As) 12.15 9.2 19.1
K (Hg) 0.66 0.44 0.38
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Fig. 1 XRD patterns of the three natural zeolites(a), TG—-DTG curves(b), FITR spectra(c), particle size distribution curves(d)
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Fig.3 SEM (a, c, e) images and EDS spectra(b, d, f) of the three natural zeolites

Z3 B 5 B pHAE 4> %k 8.6, 8.05 Fll 8.74. K F HJ
889—2017 bRUEI S Z1, Z2 F1 Z3 k& & i BH 25 7 35 4
ARSI M 4.95 cmol /kg., 21.5 cmol /kg F15.85 cmol /kg.

4 Sk = Fh R ARk A X Cd> | Cr, K28 AR T
SRR R . N AT LUE Y, Z2 B S Cd i
W BfF 25 5k 14.89 me/g, W W T Z1 F Z3 B Y
4.73 mg/g Fl 6.67 mg/g; Z1, Z2 F1 Z3 ¥ i XF Cr i) i
BFf 25 B AH 25 R K, 0 BR 6.21 mg/g. 6.65 mg/g Al
737 mg/gGX AT RE S =M R M & A Cr A o6, I
F2) o Z2 FF SR IK ZE R AR A I 4
41 21.33 mg/g Al 7.12 mg/g, &5 T Z1 £ 5 Y 6.26 mg/g
F13.03 mg/g VA 72 #E b i4 9.46 mg/g 1 2.15 mg/g.

g LT LA, =R R ARk A A A pH{E L FH
B T AR B KA SO PSR Y
MM ROR SEPE BUAAAE—E 25 57 . Hi, Z2 MRS IR B 1
LA R, PRIBERNESEE T K
FEAS N AR S BE . &5 A =R a0 A 4R
FNEERYRRAE, =35 1 BT Y 22 5 28 5 H AR e 4 (an

Jr i An) & ik UKL I3 AL B R I BRI L 4 A
25 B 22 S A7 5% b, Bl A LU SR TR A FLAR AR
X B PR RE DTRRER R o DL, £ T AR Ak 4 Y 5
B I v R FE R 5 AR IR B A R AT T
TR T 0F P M 7 20 5368 AR i o RIS, 3 IO SR T 2 o
FBeCUnBrie 0., B BLRE/E . R, KK
o DRE A O ) A IR AR AR A W A A R AT v AN A
FE R P22 55, o T4 TGP R 52 P B2 AR

3 it

TR b — &b AL T W b RAR R R W A0, AR
FEXFH T =R R AR AT B R S5A . pH (L FHE T
A VA K T 4 R B K FE AR R I A ) I B
BOR . AR TR

(1) =R R R BB A i AL 22 4 % 2220 Si0,.
AlLO;. K,0, Na,0. Fe,0,. MgO. TiO, fll CaO %5, ¥ /i
I EAE —ERESE Cd, Cr. As. Pb Al Hg.

(2) = R SR W A R S 0 ) 20 AR 32 B2 ol R



+ 152 - W= 5 R A 2023 4f
20 60 10 25
(@ Cd vz (b) Cr A
. ) N
16 N 1% 8 120
N _ ?
) AN 440 o S .
& 12 \ s 6 7 7 Jis
£ \ : £ 2 i
; N\ 430 4 &
1 \ & i =
= \ =
= 420 =
4+ 2k 45
<10
0 0 0 /é 0
z1 72 73 Z1 72 73
i b
30 12
(c) (d)
25t 10F
e -
féf 20 | —j) 8+
< &0 —
i £
st w 6F
= P
fv: 10 - = 4r
i
1 | H
0 1 1 1 0 1 1 1
Z1 72 73 Z1 72 z3
B B

B4 ZFRIRIAX Cd(a). Cri(b) . KZES (o) IS AR (d) i W B2
Fig. 4 Adsorption efficiencies of the three natural zeolites on Cd**(a), Cr*(b), water vapor(c) and formaldehyde gas(d)

G AEMTIRA . Z1, Z2 F1 Z3 K50 H 2 T R
Wh 36.8 m¥/g. 61.6 m¥/g F1 32.8 m*/g, pH {4351y 8.6.
8.05 Fl 8.74, BH B ¥ 28 ¥ 75 #1434 4.95 cmol'/kg.,
21.5 cmol'/kg #1 5.85 cmol'/kg.

(3)Z1. Z2 F1 Z3 B % Ca 1 W B 25 12 45 0 0
4.73 mg/g. 14.89 mg/g. 6.67 mg/g, X Cri Wk ffl & &5
R 6.21 mg/g., 6.65 mg/g Fl 7.37 mg/g, X K ZE S
R 75 42 43 R 6.26 mg/g. 21.33 mg/g Fl 9.46 mg/g, X
FH TR A 1 12 BRF 25 52 43 5911 A7 3.03 mg/g.. 7.12 mg/g Fil
2.15 mg/g. Z2 AF i B4 0 W B e S LR R i L SR
TR, A FLAARBRURN B 5 1 58 5 i A5 B WA 56

S k.

(1] ER, TAER, W4, 5. KRR A K B A Na-Pl A1 T
Wi 6 B9 PR RE RS (O], 07 R 95 AT, 2021, 41(6): 96-102.

WANG C, YU J L, FENG K, et al. Hydrothermal conversion of natural
plagioclase zeolite to Na-P zeolite and its performance in adsorption of
Cd*[J]. Conservation and Utilization of Uineral Resources, 2021, 41(6):
96-102.

AR WA TS 20 [M] L bt A2 Tl A, 2013
YU Z B. Zeolite processing and applications: 2nd edition[M]. Beijing:

—
5]

Chemical Industry Press, 2013.
FILIPPOUSI M, TURNER S, KATSIKINI M, et al. Direct observation

—
w2

and structural characterization of natural and metal ion-exchanged HEU-
type zeolites[J]. Microporous and Mesoporous Materials, 2015, 210:
185-193.

[4] LIYR,BAIP, YAN Y, et al. Removal of Zn*, Pb*, Cd*, and Cu* from
aqueous solution by synthetic clinoptilolite[J]. Microporous and
Mesoporous Materials, 2019, 273: 203-211.

[5] ABUKHADRA M R, BASYOUNY M G, EL-SHERBEENY A M, et al.

The effect of different green alkali modification processes on the

clinoptilolite surface as adsorbent for ammonium ions; characterization

and application[J]. Microporous and Mesoporous Materials, 2020, 300:

110145.

DZIEDZICKA A, SULIKOWSKI B, RUGGIERO-MIKOLAJCZYK M,

et al. Catalytic and physicochemical properties of modified natural

clinoptilolite[J]. Catalysis Today, 2016, 259: 50—58.

[7] SOBUS N, KRSL M, PIOTROWSKI M, et al. Conversion of

dihydroxyacetone to carboxylic acids on pretreated clinoptilolite

[

[6

modified with iron, copper, and cobalt[J]. Catalysis Communications,
2022, 171: 106509.
PAVELIC S K, MEDICA J S, GUMBAREVIC D, et al. Critical review

on zeolite clinoptilolite safety and medical applications in vivo[J].

[l

[8

Frontiers in Pharmacology, 2018, 9: 1350.
TZANAKAKIS V A, MONOKROUSOS N, CHATZISTATHIS T.

Effects of clinoptilolite zeolite and vermiculite on nitrification and

[

[9

nitrogen and phosphorus acquiring enzymes in a nitrogen applied
agricultural soil [J]. Journal of Soil Science and Plant Nutrition, 2021,
21(4): 2791-2802.

[10] VAICIUKYNIENE D, BALEVICIUS G, VAICIUKYNAS V, et al.
Synergic effect between two pozzolans: Clinoptilolite and silica gel by-
product in a ternary blend of a Portland cement system[J].
Construction and Building Materials, 2022, 344: 128155.

[11] YANG H S, CHE Y J, LENG F G. High volume fly ash mortar

containing nano-calcium carbonate as a sustainable cementitious


https://doi.org/10.13779/j.cnki.issn1001-0076.2021.06.011
https://doi.org/10.13779/j.cnki.issn1001-0076.2021.06.011
https://doi.org/10.1016/j.micromeso.2015.01.043
https://doi.org/10.1016/j.micromeso.2018.07.010
https://doi.org/10.1016/j.micromeso.2018.07.010
https://doi.org/10.1016/j.micromeso.2020.110145
https://doi.org/10.1016/j.cattod.2015.04.039
https://doi.org/10.1016/j.catcom.2022.106509
https://doi.org/10.3389/fphar.2018.01350
https://doi.org/10.1007/s42729-021-00566-1
https://doi.org/10.1016/j.conbuildmat.2022.128155

%2 TR, 5 JURP R IR BR300 1Y 2 A S5 4 B ook HE T 5% - 153 -

material: microstructure and strength development[J]. Scientific natural clinoptilolite into zeolite Na—P: Influence of NaOH
Reports, 2018, 8(1): 1-11. concentration[J]. Journal of Physics and Chemistry of Solids, 2022,
[12] WANG C, YU J L, FENG K, et al. Alkali treatment to transform 168: 110827.

Comparison of Compositions, Structures and Properties of Several Natural
Clinoptilolite Zeolites
WANG Cheng'?, FENG Kai', WANG Lipeng', DU Fuling', YU Qianru'

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

Abstract: The natural clinoptilolite ores in China are widely distributed and rich in reserves, which are of great value for
development and utilization. However, due to the difference of mineralization conditions, the composition, structure and
properties of natural clinoptilolite from different places or even from different blocks in the same place have some
differences, which affects its practical application. Therefore, it is necessary to investigate and compare the composition,
structure and properties of natural clinoptilolite ores. The natural clinoptilolite ores from one place in Hebei (Z1) and two
places in Liaoning (Z2 and Z3) were selected to study and compare their composition, structure, pH value, cation exchange
capacity, and adsorption properties on heavy metal ions, water vapor and formaldehyde vapor. The results showed that the
three natural zeolites were mainly composed of clinoptilolite, quartz and a small amount of calcite, and they contained SiO,,
AlLO;, K,0, Na,O, Fe,0,, MgO, TiO,, CaO and a small amount of heavy metals. There were some differences in the
mineral and chemical composition of the three samples. The Z2 sample showed relatively high adsorption efficiency of
heavy metal ions, water vapor and formaldehyde gas, with the adsorption capacities of Cd*™, Cr”*, water vapor and
formaldehyde gas for 14.89 mg/g, 6.65 mg/g, 21.33 mg/g and 7.12 mg/g, respectively, and this was related to its higher
specific surface area, mesoporous volume and cation exchange capacity. This study provides some support for the selection,
efficient utilization and environmental application of natural clinoptilolite ores.

Keywords: natural clinoptilolite; specific surface area; cation exchange capacity; water vapor; formaldehyde gas;
adsorption capacity
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