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Effect of rice husk ash particle size on alkali silica

reaction risk of cement mortar

LIU Wenfeng'?* LI Bixiong"? ,WANG Yize'? ,WANG Zhiwen'? ,CHEN Quan' ,GAO Panyue'
(1. College of Architecture and Environment, Sichuan University, Chengdu 610065, China;
2. Key Laboratory of Deep Earth Science and Engineering, Ministry of Education,Chengdu 610065, China;
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Abstract: Solid waste recycling is an important part of achieving sustainable development. Rice husk ash has high
pozzolanic activity and is expected to be used as an auxiliary cementitious material for cement mortar or concrete,
However, the content of K,O and Na,O in RHA is high, so it is necessary to find out the risk of alkali silica
reaction that may be caused by the mixing of RHA with different particle sizes. The existing research shows that
the pozzolanic activity of fly ash inhibits alkali silica reaction and has been widely used. For comparison, a
benchmark group, a group with 4 different particle sizes of fly ash, and a group with rice husk ash are set up. On
the basis of testing the compressive strength and flexural strength respectively, the expansion rate is tested, and
the microstructure and elemental composition of the rice husk ash specimens with a particle size of 5 pm and the
specimens without rice husk ash are tested by SEM and EDS. The test results show that the mechanical properties
of mortar can be improved by adding rice husk ash or fly ash. The smaller the particle size of rice husk ash, the
greater the degree of improvement. The RHA with a median particle size of 5 pm can increase the 28 d compressive
strength of mortar by 50. 6% and 64.7% , both of which are better than fly ash. When the particle size of RHA is
not more than 15 pm, it can significantly inhibit the expansion rate of mortar, and the inhibition effect is better
than that of fly ash. 5 um rice husk ash can reduce the 14 d expansion rate by 90%, and make the aggregate
harmless, while 8-20 ym fly ash only reduces the 14 d expansion rate by 60%, and the aggregate is still harmful.

The pozzolastic activity of RHA can not only generate C-S-H gel with low Ca/Si ratio and reduce alkali content, but
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also improve the compactness of mortar and inhibit the penetration of alkali ions and water, thus showing an

inhibitory effect on alkali silicate reaction.

Key words: alkali silica reaction; rice husk ash; particle size; fly ash; micro analysis
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Fig. 1 Morphology of rice husk ash after burning
F1 EEHRMELZAB(%)
Tab. 1 Chemical composition of cementitious materials/ %
Mk Si0, Al O Fe, O, CaO MgO SO;
Kk 17.78 2.49 2.5 63.67 3.09 4. 77
IR 91.09 0. 26 0.11 0.83 0.43 0.53
Foy LR 48. 28 24. 56 5.01 9. 88 0.98 0.41
x2 AWHLFAER (%)
Tab. 2 Chemical composition of river sand/ %
ok Si0, Na, O K,O AL O, MgO CaO SO; Fe, O MnO
bER 69. 85 3.92 3. 61 13.55 0. 783 1. 58 0. 031 1. 822 0.079

*3 WEERWERBESHEZAEMERER
Tab. 3 Particle size and specific surface area corresponding to

grinding time of rice husk ash

WEREE I ) /min AP EDRIAR RN /pm R /m’ - ke !
0 55.2 282.74
15 15.8 1.042. 76
40 10.5 1 490. 07
180 5.5 2 466.77
R4 MR IREREE R ] 5 X R R AR A0 L RETAR

Tab. 4 Particle size and specific surface area of

fly ash corresponding to grinding time

WF & it 18] /min FifE KN/ pm HRER/m* - kg™!
0 20. 8 742.42
25 14. 8 1 090. 00
90 11.6 1 400.78
180 8.3 1914.16
1.2 REAH*
1.2. 1 HUEHTH MR

IKPER BB . YU o B2 G 7 iR AR IR OK
e I b 5 B K 58 U7 1% (1SO %)) (GB/T 17671—
2021) 8¢t , A4 3 AN, IRAFE RS 40 mmX
40 mm X160 mm, FR4 07 X AT IRI, S5
AE I 77 BE 12 0 AL 45 B0 AR 6F 7 B A8 2 1 A7 5

IETE 2ok AL #8455 ), P I o R 2 BE
0.4 mm/s, HUHEGREEMBHSEE S 0. 8 mm/s.
12,2 feE e IR 20

AR YR HE 1 e B i K AR 30 7 X B RR b
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FHATRA , i 2 PR, SR e R BN R A
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B BRI 60 s ZJ5, SEET 80 CHali /K bk
24 h, FEA 1 mol/L ) NaOH & TE 80 ‘CHE
AT IR, JRNGRELA 3 AR N I 3 00
MkE. Rk EE 3 PR KA TN &, Sl
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AR I L 5 T or R s R, WIEE N —
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Fig. 2 JKS type alkali aggregate test chamber
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Fig. 3 Comparator and dial indicator
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BRI 53 A K U W S i ek 3 3 A O 4 A ik
35, W LA A 5 PR, Al FA R
LMK, RHA REFFEK, BT RFH PR B
TR BRI AR TR B, T FA-20 REBANRLEE N
20 pm (9B BER. 9K ) 3Ok S EE A R Y
1%. FE5ca UKy B K 5 8 38 R I e A kA B Y
20%. BEMORIGTEL A Lk 6 iR, FESEBIAR A
5 . SHOM B 3 B4 AT A 5T AR 1 8 N K AL
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TR R B N 1) s e AL EE. PR o, O ik 3 3K
A NaOH # iR, {CH IR H 5 AR
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*5 WERKAKREAL (kg m™?)
Tab.5 Mix proportion of alkali aggregate test/kg + m™

3

gl kP BB RETEAR W K UKGH]

17 300 0 0 675 141 3

FA-20 240 60 0 675 141 3
FA-15 240 60 0 675 141 3
FA-10 240 60 0 675 141 3
FA-8 240 60 0 675 141 3
RHA-55 240 0 60 675 141 3
RHA-15 240 0 60 675 141 3
RHA-10 240 0 60 675 141 3
RHA-5 240 0 60 675 141 3

x6 MUDMRKBESIE (kg m™?)

Tab. 6 Mix proportion of microanalysis test/kg + m™*

4 mEreR K W K 17K 5
A0 0 450 1 350 225 4.5
Al 45 105 1350 225 4.5

2 REEREHH

2.1 ImIrFIERE
SR RE TS AR B K AR 20 %6 K VR £ Y K
VRN W) PO R SR BE I 4 FE 5 k.

E0 7 afr s
50 02028 dbtHa
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RHA-15 RH
gt

>
=

-1 RH

B4 BRERKKEWRERRERE

Fig. 4 Compressive strength of RHA cement mortar
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Fig. 5 Compressive strength of FA cement mortar
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Fig. 6 Flexural strength of RHA cement mortar
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Fig. 7 Flexural strength of FA cement mortar
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Fig. 8 Expansion rate of FA cement mortar
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Fig. 9 Expansion rate of RHA cement mortar
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Fig. 10 Expansion principle of activated SiO, from RHA
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Fig. 11 SEM of cement mortar mixed with rice husk ash for 28 days
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Fig. 12 SEM-EDS diagram of 28 d cement mortar
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Tab.7 EDS element analysis table of cement mortar/ %
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