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Abstract

In view of the disadvantage that the mechanical properties of cement-based
composites can be significantly reduced by incorporating waste rubber powder
in situ, the surface modification methods of the original rubber powder by
coupling agent KH560, sodium hydroxide, polyvinyl alcohol (PVA), methyl
hydroxyethyl cellulose ether (MHEC) and tetraethyl orthosilicate (TEOS) as
precursors were adopted respectively. The modification of waste rubber powd-
er was studied by Change rate of mortar strength of cement-based composite
mortar mixed with waste rubber powder. The results show that the hybrid
modification method using tetraethyl orthosilicate as precursor has better ef-
fect. When 5 phr ethyl orthosilicate is added, the compressive strength and
flexural strength of cement-based composite mortar can be increased by 31.7%
and 28%. Scanning electron microscopy (SEM) results show that the surface
of waste rubber powder with good modification effect has many protrusions
and flake-like porous structures which are beneficial to its bonding with ce-
ment-based materials.
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1. Introduction

At present, waste rubber is a kind of polymer pollutant next to plastic pollution
[1]. How to improve the recycling of waste rubber is an urgent problem to be
solved all over the world. When waste rubber powder is added into ce-

ment-based materials, the sound absorption and thermal insulation of the com-
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posites will be enhanced [2], but the mechanical properties of cement-based
composites will be significantly reduced [3]. Therefore, proper modification of
rubber powder is the key to improve its application value in cement-based mate-
rials.

The modification methods of waste rubber powder can be roughly divided
into regeneration desulfurization method, mechanochemical method, polymer
coating method, physical radiation and gas modification method and hybrid
modification method [4] [5] [6]. There are some problems in practical applica-
tion, such as complex process and high cost. In the relevant literature, the mod-
ification method of waste rubber powder used in cement concrete is less, which
is limited to sodium hydroxide treatment, coupling agent treatment and so on.
In this paper, the surface modification of waste rubber powder was carried out
with coupling agent KH560, sodium hydroxide, polyvinyl alcohol PV A, methyl
hydroxyethyl cellulose ether (MHEC) and hybrid modification method using te-
traethyl orthosilicate (TEOS) as precursor [6]. The effect of modified rubber
powder on the mechanical properties of cement mortar was studied, and various
methods were analyzed. The modification effect provides basic research for the

industrial application of waste rubber powder in cement-based materials.

2. Experimental Materials

Waste rubber powder (40 mesh, 60 mesh) is purchased from Zhidaxin Rubber
Products Co., Ltd. of Baotou City, Inner Mongolia; cement is P.042.5 grade of
Inner Mongolia Mengxi Cement Co., Ltd.; standard sand is ISO standard sand
of China Xiamen Eseo Standard Sand Co., Ltd.; other reagents are analytical

pure.

3. Methods

NaOH Modified Rubber Powder: Waste rubber powder was immersed in
NaOH saturated solution for 24 hours, removed and dried, and then dried natu-
rally.

PV A Modified Rubber Powder: Waste rubber powder was immersed in 1.5%
PVA solution for 24 hours, removed and dried, and then dried naturally.

KH560 Modified Rubber Powder: A suitable amount of KH560 was dis-
solved in a small amount of 95% ethanol as solvent and then added to the waste
rubber powder. The rubber powder was put into the ceramic grinding for 1 hour
to make it fully contact and react.

MHEC Modified Rubber Powder: Mixed with 0.20% MHEC and waste rub-
ber powder for grinding.

TEOS Hybrid Modified Rubber Powder as Precursor: It was prepared by
referring to the method in reference [5].

According to GB/T 17671-1999, the mechanical properties of cement-based
composite mortar with rubber powder were tested. The amount of waste rubber

powder was 9% of the cement quality.
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S-3400N scanning electron microscopy of Hitachi Company in Japan was
used to observe the micro-morphology of waste rubber powder before and after

modification.

4. Results and Discussion

Contrastive Analysis of Strength and Strength Change Rate. Table 1 shows
the effect of waste rubber powder modified by different methods on the strength
of cement matrix composite mortar. Figure 1 and Figure 2 show the change rate
of mortar strength of waste rubber powder cement-based composites modified
by different methods. From Table 1, Figure 1 and Figure 2, it can be seen that
the use of KH560, NaOH and TEOS to modify waste rubber powder can im-
prove the strength of cement-based composites. The hybrid modification of
TEOS is due to the interpenetrating Si-O network structure formed by the reac-
tion precursor and vulcanization network of rubber powder, and forms on the
surface of rubber powder. A large number of hydrophilic groups had the best
modification effect. The 28-day flexural strength and compressive strength were
increased by 28.3% and 31.7%, respectively. However, after the modification of
waste rubber powder by PVA and MHEC, the mortar strength of cement-based

composites is reduced, and the effect is not good.
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Figure 1. Change rate of 28 d flexural strength. Note: In Figure 1 and Figure 2. A:
KH560 modified; B: NaOH modified; C: PVA modified; D: MHEC modified; E: TEOS
Hybrid modified.

Table 1. Mortar strength of cement-based composites mixed with waste rubber powder.

Waste rubber Unmodified KH560 NaOH PVA MHEC  TEOS Hybrid
powder modified modified modified modified modified
28 d flexural
6.00 6.60 6.90 5.79 5.33 7.70
strength/MPa
28 d compressive
33.10 37.01 34.59 31.74 22.57 43.59

strength/MPa
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Figure 2. Change rate of 28 d compressive strength. Note: In Figure 1 and Figure 2. A:
KH560 modified; B: NaOH modified; C: PVA modified; D: MHEC modified; E: TEOS
Hybrid modified.

SEM Analysis. Figure 3 shows the SEM spectra of waste rubber powder with
different modification methods. It can be seen that different modification me-
thods have different effects on the morphology of waste rubber powder. The
surface of waste rubber powder hybrid modified by coupling agent KH560,
NaOH and TEOS has more protrusions, and the waste rubber powder hybrid
modified by TEOS is close to the flake pore shape, which is more conducive to
the combination of cement-based materials, hydration products and rubber par-
ticles, so it shows better modification effect.

Effect of the Mesh of Waste Rubber Powder. Table 2 shows the effect of the
mesh of NaOH modified rubber powder on the strength of cement-based com-
posite mortar. From Table 2, it can be seen that the compressive strength and
flexural strength of cement mortar increased by 4.5% and 15% after adding 60
mesh NaOH modified waste rubber powder into cement mortar, while the com-
pressive strength of cement mortar decreased by 9.9% and flexural strength in-
creased by 3.2% when adding 40 mesh NaOH modified waste rubber powder.
Therefore, from the point of view of replacing cement with waste rubber powd-

er, 60 meshes should be considered.

5. Conclusions

The modification of waste rubber powder in cement-based composites mixed
with waste rubber powder was analyzed and studied. It was found that KH560,
NaOH and TEOS were used to modify waste rubber powder, which had good
effect in cement-based composites. Among them, TEOS hybrid modification
had the best effect. The 28-day flexural strength and compressive strength of
cement-based materials were increased by 28.3% and 31.7% respectively. The
mesh of waste rubber powder also has a certain influence on the properties of
cement-based composites. From the point of view of replacing cement with

waste rubber powder, 60 mesh of waste rubber powder is suitable.
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Figure 3. SEM Scrap of rubber powder. (a) Unmodified; (b) MHEC modified; (c) PVA
modified; (d) NaOH modified; (e) KH560 modified; (f) TEOS hybrid modified.

Table 2. Effect of the mesh of waste rubber powder on the strength of cement matrix

composite.
40 Mesh 60 Mesh
Waste rubber powder
Unmodified NaOH modified Unmodified NaOH modified
28 d flexural strength/MPa 6.3 6.5 6 6.9
28 d compressive strength/MPa 35.6 324 33.1 34.6

Scanning results of modified waste rubber powder showed that when the struc-
ture of modified waste rubber powder was bulging and tended to flaky porous
structure, it was beneficial to its combination with cement-based materials and
hydration products, and further explained the reason why hybrid modified rub-

ber powder had good modification effect.
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