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ABSTRACT: Silane coupling agent has been a highly efficient interface modifier, which can form a binding layer of
organic matrix-silane coupling agent-inorganic matrix at the interface to enhance the compatibility between organic
aggregate and cement matrix. Titanate coupling agent has a good effect in connecting inorganic fillers and polymer
matrix. Mild pyrolysis can enhance the hydrophobicity of biomass materials, kill some bacteria, preventing the fungal
degradation of biomass materials. Walnut shell has high content of organic matter and poor compatibility with inorganic
cement matrix, so it’s difficult to form effective chemical connection in the interface area, which leads to poor mechanical
properties of mortar. Moreover, walnut shell is rich in strong polar hydroxyl groups, has a strong ability to absorb water
and moisture, and the mechanical properties of saturated walnut shell are reduced, and it is easier to be biodegraded.
When used as aggregate, the bearing capacity is greatly reduced. In this paper, walnut shell was modified by three
methods, the effect of modification on the structure and properties of walnut shell was investigated, and the properties of
mortar with modified walnut shell as aggregate were further studied.

The broken walnut shell was soaked in acidic KH560 ethanol solution for 2 hours. The dosage of KH560 was 1/16,
1/14, 1/12, 1/10, 1/8 and 1/6 of the quality of broken walnut shell to be treated, respectively. The titanate coupling agent
was dispersed in anhydrous ethanol, and then the solution was uniformly sprayed on the broken walnut shell and stirred at
the same time. The amount of titanate was 1/16, 1/14, 1/12, 1/10, 1/8 and 1/6 of the quality of the broken walnut shell,
respectively. Walnut shells were pyrolyzed in natural atmosphere for 2 hours, and the pyrolysis temperatures were 105 C,
150 ‘C, 180 C, 200 ‘C and 220 °C, respectively. The apparent morphology of walnut and the interface connection
between walnut shell and cement paste were observed by SEM. The characteristic functional groups of walnut shell and
the chemical products of walnut shell-coupling agent-cement paste interface were observed by FTIR. The walnut shell of a
certain quality was immersed in a non-woven filter bag and dehydrated, and the 1-hour and 24-hour water absorption of
walnut shell was tested. The fluidity, apparent density, flexural strength and compressive strength of mortar were tested
according to GB/T 2419—2005.

Silane coupling agent KH560 is grafted on the surface of walnut shell by dehydration condensation reaction between
silyl alcohol and phenolic hydroxyl groups inside walnut shell. The polarity of organic functional group at the other end of
it is weak and the compatibility of water is poor, which leads to the decrease of water absorption of KH560 modified
walnut shell and the increase of mortar fluidity. However, the residual glacial acetic acid on the surface of walnut shell
modified by KH560 will destroy the alkaline environment needed for cement hydration, thus inhibit cement hydration and
reduce the mechanical properties of mortar.

Under the action of titanate coupling agent, the properties of substituents on walnut shell lignin changed, resulting in
enhanced hydrophobicity of walnut shell and increased fluidity of corresponding mortar. The attachment of titanate to the
walnut shell surface will block the pores on the surface of the walnut shell and weaken the mechanical occlusal of the interface
between the cement paste and the walnut shell, resulting in the decrease of the mechanical properties of the walnut shell.

During the mild pyrolysis of walnut shell, hemicellulose and lignocellulose were partially decomposed, accompanied
by hydroxyl dehydration and O-acetyl branched chain dissociation. The consumption of hydroxyl groups leads to the
enhancement of hydrophobicity of walnut shell and the increase of fluidity of corresponding mortar. Under the aerobic
environment of 150 °C, the ash and hemicellulose of walnut shell decompose, and the multi-layer stacking shape of lignin
structure becomes more prominent, which promotes the mechanical occlusion of cement paste and aggregate, and makes
the combination of walnut shell and paste closer. The mechanical properties of mortar have been improved.

Among the three modification methods, mild pyrolysis has the best effect on improving the comprehensive properties
of mortar, in which the fluidity, flexural strength and compressive strength of mortar increase by 4.6%, 15.6% and 3.2%
respectively at the pyrolysis temperature of 150 “C. At the same time, 150 ‘C mild pyrolysis is carried out under aerobic
conditions, which is easy to operate, and the construction cost is not high, which is beneficial to popularization and
application in engineering.
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Tab.1 Chemical compositions of cement
wt.%

Si0, ALO; Fe,0O3 CaO MgO  SO; Loss on ignition

2460 3.75 5.6 6225 2.18 1.02 2.8

K1 Bsbre S oe
Fig.1 walnut shells and ground shells
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Tab.2 Physical parameters of walnut shells

Oil content/ Bulk density/ ~ Mohs’ Wear  Expansion
% (kg'm™) hardness  rate/% rate/%
0.25 850 2.5-4 1.5 0.5
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Tab.3 Mix proportion of mortar

Cement/g  ISO standard sand/g GW/g Water/g

600 1 080 108 240

1.4 MWRXRIAEFE

FH T H 55 B A% Bk 5T 10 26 ULTE 30 A R A Bk 5
5K U I B AT 45 A1 O o AR HE k2T A R A A
BEFER B RER], 0 T bkt G ek S Rb IR 2 ) 2
T T I Al 5 B R iy Xt A ik 37 A e 2 2 Ak
P, BRI 0.5, BTk %2
B GB 17431.1—2010 AT FaR 4 5 ik . /w0 3KAY
wehtE . B | BUYTIREE . PR GR S F RS A
IRy 442 B GB/T 2419—2005 147 .

2 HR5HE

2.1 T RRIE
211 WAL

Kbk e S — P B ) R ST £ 2 R AW 5, Pl AT 4
R PEGERMARE 3 M EZ 4R, a2
AR nE 3a s, 4R KR THE
J- SR S ) 1) ST 24, A Sy A 4 40 L ) B
BE, TEAHfRE R A3 A0 A — BRI AL . AR
FUA 5T 28 43 BIAE Ry 328 2 0 A6k R0 % i 3] A AN 259 20 o o
BN RE 2T

2 KHS560 2ett/a (UL 3b), Ebksedim iyl
L1 2 ZR S5 AR R S50 W B b, G i< LAY
B SR . f I HED , KHS60 W] G i3 5 36 5
CiANATE: 2SR 2 Vi LN AL T G e =M QNS
3c), BbkFeRE AT EOY KA, X 0] RE A A
Hor ST R ALE 555, TERFELEY5E I /EH
T, MWFRMME ok, BEMRG ., EikoeRmpk



Hs2d Al

B, S SRR I i R - 403 -

K3 ARl Al B S BBk 5E i R MBS

Fig.3 Apparent morphology of walnut shell after different modification
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Fig.6 Static contact angle of walnut shell in control group (a), KH group (b), TO group (c) and TI group (d)
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Fig.8 Interfacial bonding between walnut shell and cement slurry
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