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Effect of modified natural zeolite on properties of rubber composites
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Abstract: In order to improve the dispersion of zeolite in rubber and enhance the interfacial interaction
between zeolite and rubber. Natural zeolite (NZ) was modified by nitric acid and bis-(y-triethoxylsilyl
propyl)tetrasulfide, and the composite modified zeolite (S-HNZ) was obtained. Then, the modified zeolite
and natural rubber (NR) were mixed to prepare NR/S-HNZ composites. The effects of different modified
zeolite on the properties of natural rubber were studied. The zeolite before and after modification were
characterized by XRD, BET, contact angle measurement and SEM. The vulcanization properties, dynamic
thermal mechanical properties and mechanical properties of composites were investigated. The results
showed that the framework of natural zeolite treated by nitri acid (HNZ) was dealuminated, and silane was
successfully grafted onto the surface of HNZ. The scorch time and curing time of the composites
NR/S-HNZ were shortened, and the curing reaction rate was accelerated. In addition, compared with those
of NR, the stress at 300% strain and the tensile strength of NR/S-HNZ were increased by 46.7% and 10.8%,
respectively. And the storage modulus (£') and glass transition temperature (7,) of NR/S-HNZ were higher
than NR, indicating that after composite modification, the cross-linking density of the composites increased
and a stronger cross-linking network was formed, which greatly improved the interfacial bonding strength
between zeolite and rubber macromolecular chain.
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S
NR 0.10 10.91 139 254 10.81
NR/NZ 0.08 11.09 138 242 11.01
NR/S-NZ 0.08 11.59 124 231 11.51
NR/S-HNZ  0.08 12.71 124 227 12.63




© 1478 »

A% 4m 4 T FINE CHEMICALS

%39 %

223 T MEREHHT

Kl 6 il A SOtk R S AR A AR 5 DI
(G") FIHFEN F (tand ) S RAERYSE R k. 4nlEl
6a i, NR/S-NZ F1 NR/S-HNZ & &4 B0 4k 55 4]
BLEZE KT NR, FiENASMI K, G2 TR
DO T HORHN 2 gk IR, 240 AR s KR, 3
BT R, G TRE . NR/S-HNZ B A&
PR B AR PRI T 2B B i A B YDA i, X R
NR/S-HNZ & AR ESIE T S5 (10 S20RE R 250,

FH &l 6b A AT, FEARRIAE T, NR [ tand fie
NR/S-NZ H1 NR/S-HNZ [ #EH F &%, XJEH T
Si-69 il A1 SR Ay A A LE rE AR ATk, PR T
BRI Ay FREMIE 3l , (AR I HE 1Y R B PR R AR . 7
NR/S-HNZ &G Ak 24 B 5 {45 b A 3% i 42
i Zhkke, fE—ERE ik T kA e,
BRI A TAER R, M HARAE R T A%

a

250
g 200
i# 150
i
R
R 100 F
50+
0 5 10 15 20
LA/ %
1.1rb —a— NR
—e— NR/NZ
1LOF —a— NR/S-NZ
—v— NR/S-HNZ

RAE /%
K6 RAEXTEAMEEUIARE (a) FIFFERT (b) 1)

A0
Fig. 6 Effect of strain on storage modulus (a) and loss
fraction (b) of composites

224 AFHEESHT

7 SR R IRAG I B A BB g - AR il 2
& 8 NI AR 100%F1 300%E [ 1 1. $ids
S W MR KR S5, WE 7. 8a. 8b FILLE
H, NR ZAMBHE 300%E 1 A1 . Pt 435
4 12.57 MPa. 20.45 MPa, 5 NR & &# B,
NR/NZ ZA MBS 300%E [N 77 . LHLss & 5 1)
J2 =3 14.70 MPa 120.58 MPa. i 1 M iELe b5,

FT A 2 ARG 2 e e s B — Bt e . X
NR/S-HNZ & & MR, 300% & (7 1 R 3 4
WISk 18.44 MPa Fl 22.66 MPa, FH# T NR &4 #k
IR T 46.7%F1 10.8%. X &H T Si-69 £
S S5 EmAL, TR MY, MR T a5
MK FHEZ MR A 454 71, Ik, NR/S-NZ
FI NR/S-HNZ 52 G M BHY 122 REJL T NR/NZ
BIEE BB (B RSR AR, T
ARMBE YR (o) A A A A R, ik
PRGN T KARWE A R kR S, - RET
R R bE A FE R, ST A LA iR
K, NR/S-HNZ B S AR ey 12 hE .

25
—— NR
20 —— NR/NZ
—— NR/S-NZ
15k NR/S-HNZ
£
R 10
‘]2‘
5 -
0 =
0 100 200 300 400 500
RAE/Y%

K7 EEPPRH N -1 R 2k

Fig. 7 Stress-strain curves for composites

[ 100%:E M {20
o 4f Codeiin 1 h
= + ‘I‘ | 15 g
E 3r + R
% , 10 &
=l "
2 3
S 15 2
0 0
NR NR/NZ NR/S-NZ NR/S-HNZ
30 500
b 3 PrhimpE
25+ T B |
—P + L + e 400 ]
§ 200 - u 300 J§+
st W
ja 200 %
g 10 B
st {100
0 0
NR NR/NZ NR/S-NZ NR/S-HNZ

F8  HEAME 100%H 300%:E MR 1 (a), HibismiE
FIE 2L KA (b)
Modules at 100% and 300% elongation (a), tensile
strength and elongation at break (b) of composites
B A& RAARNE B AT
K 9 AR E G PRk fER R (£ ), HFE T

Fig. 8

225



57

FRIRT, G50 BOVER SR A0 AR 5 4 B RE B 52 1

* 1479 -

(tand ) il FE AR AL B A AR £ . an A
9a fif/k, NR/NZ. NR/S-NZ H1 NR/S-HNZ & & #1 %}
B EHERE S ST NR. & kbt A i AR
WG, S AR K A P 9 28 AL AC B, DA
MiEE 72 ARG i . Ah, tans WE(EST
X IV () B 3 S AR B S AL AR (Ty) A
KBEBINE 9b ATLAE H, NR EAHEI T, N
~55.59 °C, NR/S-NZ #il NR/S-HNZ ] tano W{f 728
/N, HE NR BEEMEHL, T, 05038mT 1.8 1
22 °C, XEHENK Si-69 25 TR M ZCHE
N, R RS B LT, SCBR 4% X o 4%
B —E T, SRR T RE i B RE
TR

1x107

1x10¢

fERERL R/ MPa

-80 —-60 —40 -20 O 20 40 60 80
B/ °C

—NR

— NR/NZ
— NR/S-NZ
— NR/S-HNZ

-80 60 40 20 O 20 40 60 80
R/ C
Ko XA MEMERER R (a) FIHFER T (b) By
00
Fig. 9 Effect of temperature on storage modulus (a) and
loss fraction (b) of composites

3 it

(1) R XRD. BET Hil SEM X it ib Bt K fif: byt
R ER T A IS A AT ZRAE , 25 5 UF B R Ak 3L v
AEZRAR, H Si-69 BTk 2k R, S-HNZ
S K

(2) &2/ uME, B ME 12168 W 2%
L5, NR/S-HNZ B 300%3E fii v 77 FN47T 7 568 B 53 1]
7 18.44 Fl 22.66 MPa, 5 NR Mitt, 4rildgm T
46.7%F1 10.8%.

(3) NR/S-HNZ F1 NR/S-NZ & &k 5 NR &

AR, BB MR My TR, &
WIREBEAL B A A R THRTHBRAL ROV R, $ Bt
FERE; BEHE NS R, G2 TR, NR/S-HNZ
EEMERA N RER GHEIKA tans, KW
NR/S-HNZ &5 M4 EAT B3 AR SR 45

PAESSRAERT, A7 S eve 4l AR o A
AR AN R BURE, B A AR £ T
PRI AR E A, 3T RIRAR IR A 25 A PERE
ARURBELLR E— BT Rl S 1] B A AL
TeAU i, DU S R 3 i A AL e kb i JEORY
P AR S BRI TERE o

S E k-

[1] NINYONG K, WIMOLMALA E, SOMBATSOMPOP N, et al.
Potential use of NR and wood/NR composites as thermal neutron
shielding materials[J]. Polymer Testing, 2017, 59: 336-343.

[2]  WANG N (E4F), XIN Y H (Z£ifit), ZHANG X Y (FKZEN), et al.
Carrageenan/metal oxide synergistic ammonium polyphosphate to
prepare flame-retardant nature rubber[J]. Fine Chemicals (IF4i{k
T), 2021, 38(1): 176-182.

[3] SONG Y H, XU Z J, WANG W J, et al. Payne effect of carbon black
filled natural rubber nanocomposites: Influences of extraction,
crosslinking, and swelling[J]. Journal of Rheology, 2021, 65(5):
807-820.

[4] ARROYO M, LOPEZ M, HERRERO B, et al. Organo-montmorillonite
as substitute of carbon black in natural rubber compounds[J].
Polymer, 2003, 44: 2447-2453.

[5] ONDRUDOVA D, BOZEKOVA S, BUNOVA L, et al. Modification
of alternative additives and their effect on the rubber properties[J].
MATEC Web of Conferences, 2018, 157: 1-13.

[6] WANG Z W (F#fH), YANG F (#R), KANG H L (BEHEIR), ef al.
Preparation and properties of zeolite/nature rubber composites[J].
China Elastomerics(Fi#:4£), 2018, 28(4): 6-11.

[71 PETERR, VIJAY V R, RAMAKRISHNAN 8, et al. Phosphorylated
cashew nut shell liquid prepolymer modified kaolin as a reinforcing
filler for natural rubber[J]. Applied Clay Science, 2015, 105/106:
186-191.

[8] SOOKYUNG U, THAIJAROEN W, NAKASON C. Influence of
modifying organoclay on the properties of natural rubber/organoclay
nanocomposites[J]. Journal of Composite Materials, 2014, 48:
1959-1970.

[91 WANG C (£#%), GUO H D (3FEA), YU J L (T4R), et al. The
effect of alkali treatment on structure and property of natural zeolite
from Weichang area, Hebei Province[J]. Acta Petrologica et
Mineralogica (Ff1 1 ¥4 7%ik), 2021, 40(3): 565-570.

[10] VANESSA C, JHONNY V, MARIA J, et al. Basic treatment in
natural clinoptilolite for improvement of physicochemical properties
[J]. Minerals, 2018, 8: 1-14.

[11] JOHAN E, YAMADA T, MUNTHALI M, et al. Natural zeolites as
potential materials for decontamination of radioactive cesium[J].
Procedia Environmental Sciences, 2015, 28: 52-56.

[12] LIG G (ZEDL), TIAN R H (H#i1E), HAN W B (#i30%), et al.
Study on adsorption of ammonia nitrogen in anaerobic fermentation
biogas slurry of urban organic waste by zeolite[J]. Technology of
Water Treatment(7KAb3EH7R), 2019, 45(12): 42-45, 52.

[13] LI X Y (Z#R). Study on the adsorption of natural zeolite and
modified zeolite to selenium (IV) and its reuse in soil and plants[D].
Beijing: Beijing Forestry University (At 5t ARl K2%), 2020.

[14] ALI M, RAJABI S, SHIMA B, et al. Effects of natural-zeolite



* 1480

A% 4m 4 T FINE CHEMICALS

%39 %

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

additive on mechanical and physicochemical properties of clayey
soils[J]. Journal of Materials in Civil Engineering, 2020, 32(10):
04020306.

ZHANG X, LI X Y, JIN Z, et al. Selenium in wastewater can be
adsorbed by modified natural zeolite and reused in vegetable
growth[J]. Science Progress, 2021, 104(2): 1-20.

SUN Q H, HUI X L, ZHENG S L, et al. Influence of calcination
temperature on the structural, adsorption and photocatalytic
properties of TiO, nanoparticles supported on natural zeolite[J].
Powder Technology, 2015, 274: 88-97.

SHI T H (f1 K7%), LYU C (E4ll), ZUO L N (ZE#i11). Adsorption of
heavy metal ions by silyation modified zeolite[J]. Chinese Journal of
Environmental Engineering (F55% TR2244R), 2013, 7(3): 1045-1052.
ADINEHVAND J, SHOKUHI R, TEHRANI A. Acid-treated zeolite
(clinoptilolite) and its potential to zinc removal from water sample
[J]. International Journal of Environmental Science & Technology,
2016, 13(11): 1-8.

EL-SABBAGH S, MANHMOUD D, AHMED N, et al. Study on the
cations-exchanged zeolite and its influence on mechanical, thermal,
and morphological properties of rubber composites[J]. Journal of
Thermoplastic Composite Materials, 2018, 32(12): 1650-1676.
CHENG Q K (2K 1), YAN C (i2]{8]), BAI P X (I8 #). Study on
the properties of coupling agent modified 4A zeolite/nature rubber
composite[J]. Special Purpose Rubber Products (HFFhA% ML),
2019, 40(4): 18-22, 26.

KEAWWATTANA W, THUECHART T, LIMTRAKU J. The effect
of coupling agents on natural zeolite-filed natural rubber[J]. Journal
of Chemical and Engineering, 2011, 5: 413-422.

WANG C, LENG S Z, GUO H D, et al. Quantitative arrangement of
Si/Al ratio of natural zeolite using acid treatment[J]. Applied Surface
Science, 2019, 498: 143874.

ABATAL M, QUIROZ A, MT O, et al. Sorption of Pb(Il) from
aqueous solutions by acid-modified clinoptilolite-rich tuffs with

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

different Si/Al ratios[J]. Applied Sciences, 2019, 9(12): 2415.

WANG C, LENG S Z, GUO H D, et al. Acid and alkali treatments
for regulation of hydrophilicity/hydrophobicity of natural zeolite[J].
Applied Surface Science, 2019, 478: 319-326.

HUDEC P, SMIESKOVA A, IDEK Z, et al. Determination of
microporous structure of zeolites by #-plot method—State-of-the-art
[J]. Studies in Surface Science and Catalysis, 2002, 142: 1587-1594.
FANG Q H, LIU X C, WANG N, et al. The effect of zeolite particle
modified by PEG on rubber composite properties[J]. Science &
Engineering of Composite Materials, 2015, 22: 607-612.

XIE Z K, CHEN Q L, ZHANG C F, et al. Influence of citric acid
treatment on the surface acid properties of zeolite beta[J]. Journal of
Physical Chemistry B, 2000, 104(13): 2853-2859.
BONACCORSI L, BRUZZANITI P, CALABRESE L,
Organosilanes functionalization of alumino-silica zeolites for water

et al

adsorption applications[J]. Microporous & Mesoporous Materials,
2016, 234: 113-119.

MOHAPATRA S, ALEX R, NANDO G. Cardanol grafted natural
rubber: A green substitute to natural rubber for enhancing silica filler
dispersion[J]. Journal of Applied Polymer Science, 2016, 133(8):
43057.

HAYEEMASAE N, WEASATEH K, SAIWARI S, et al. Detailed
investigation of the reinforcing effect of halloysite nanotubes-filled
epoxidized natural rubber[J]. Polymer Bulletin, 2021, 78: 7147-7166.
QIAN Z H, PENG Z L. Reinforcing styrene-butadiene rubber
composites by constructing multiple interaction between rubber and
silica[J]. Polymer Composites, 2019, 40: 1740-1747.

WANG L (Efii), FU W (f30), LIN L Z (%k:RE), et al. Effect of
modifier content on properties of silica reinforced nature rubber[J].
China Elastomerics (¥4, 2020, 30(1): 12-17.

HAO Z (#§%). Study of natural rubber in-situ reinforced and
vulcanized by double bond functionalized nylon 66 short fiber[D].
Guiyang: Guizhou University (51 k2%), 2019.

(E3% 1463 W)

(8]

(9]

(10]

(1]

[12]

[13]

JIANG D L, MA W X, XIAO P, et al. Enhanced photocatalytic
activity of graphitic carbon nitride/carbon nanotube/Bi; WOg ternary
Z-scheme heterojunction with carbon nanotube as efficient electron
mediator[J]. Journal of Colloid and Interface Science, 2018, 512:
693-700.

LID M (ZE4Af), LIANG Y C (F2Z58E), ZHUO Y Q (5ii), et al.
Synthesis of Bi-decorated BiOBr/g-C3;N, heterojunction photocatalyst
and its visible light-driven photocatalytic performance[J]. Acta Scientiae
Circumstantiac (MR #54R), 2021, 41(3): 960-968.

HOU J H, JIANG T, WANG X Z, et al. Variable dimensional
structure and interface design of g-C;N4/BiOl composites with
oxygen vacancy for improving visible-light photocatalytic
properties[J]. Journal of Cleaner Production, 2021, 287: 125072.
LIANG J C (#%35h), L1 X Q (ZEWT#), ZUO J L (E#R), et al.
Effect of supramolecular precursors on the structure and catalytic
properties of g-C3;N4/BiOI photocatalyst[J]. Industrial Catalysis (T
A AEA), 2021, 29(8): 26-30.

SUN H J (#MEZR), LIU X G (XIiki)), CHEN Z H (M:3&T%), ef al.
Study on photocatalytic degradation of methyl orange by BiOl/
g-C3Ny[J]. Inorganic Chemicals Industry (JoA/LEE Tll), 2021, 53(4):
90-94.

WANG Y, 1 QJ, XU J X, et al. Activation of peroxydisulfate using
N-doped carbon-encapsulated Ni species for efficient degradation of
tetracycline[J]. Separation and Purification Technology, 2021, 276:

[14]

[15]

[16]

[17]

[18]

[19]

[20]

119369.

ZHU Y C, WANG F, ZHOU B H, ef al. Photo-assisted Fe*" modified
molybdenum disulfide activated potassium persulfate to degrade
sulfadiazine: Insights into the degradation pathway and mechanism
from density functional theory[J]. Chemical Engineering Journal,
2022, 435: 134904.

WANG G L, CHEN S, QUAN X, ef al. Enhanced activation of
peroxymonosulfate by nitrogen doped porous carbon for effective
removal of organic pollutants[J]. Carbon, 2017, 115: 730-739.

LIU G (XI[E), LI C X (ZEHSE), LU T (J5%), et al. Preparation of
g-C3Ny and its synergistic PDC visible photocatalytic degradation of
ibuprofen[J]. Journal of Safety and Environment (%45 ¥3E224),
2020, 20(1): 224-230.

ZHAO Z W, SUN Y J, DONG F. Graphitic carbon nitride based
nanocomposites: A review[J]. Nanoscale, 2015, 7(1): 15-37.

QU JIN, DU Y, FENG Y B, et al. Visible-light-responsive K-doped
g-C3Ny/BiOBr hybrid photocatalyst with highly efficient degradation
of rhodamine B and tetracycline[J]. Materials Science in
Semiconductor Processing, 2020, 112: 105023.

YE L Q, LIUJ Y, JIANG Z, et al. Facets coupling of BiOBr-g-C3Ny
composite photocatalyst for enhanced visible-light-driven photocatalytic
activity[J]. Applied Catalysis B: Environmental, 2013, 142: 1-7.
WANG Z (EF), WANG J H (F£4E5E), TIAN T (HH%), et al.
Research progress on the application and mechanism of modified
biochar activated persulfate[J]. Fine Chemicals (f§4i{kT), 2021,
38(7): 1305-1313.



