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Mechanical Properties and Durability of Self-compacting Mortar Incorporating

Printed Circuit Board Waste and Fly Ash
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Abstract

The purpose of this research was to study the effects on
mechanical properties and durability from sulfuric acid corrosion
conditions, when waste from printed circuit boards and fly ash
are mixed in the production of self-compacting mortar. In the
design of the mortar mixture, fly ash was used to replace Type
1 Portland cement in the ratio of 20 percent by weight and
printed circuit board waste was added as the binder in the ratio
of 5, 10, 15, and 20 by weight of binder. The water to binder
ratio was 0.47. The spreading distance of self-compacting mortar
was fixed for all mixtures in the range of 2545 cm. The
flowability, compressive strength, flexural strength, water
absorption and durability from corrosive conditions of sulfuric
acid at the maximum curing time of 90 days. The test results
showed that the flowability of self-compacting mortar tended
to decrease with the amount of printed circuit boards waste in
the mix increase. While compressive strength, flexural strength,
water absorption and durability due to sulfuric acid corrosion
tends to increase with the amount of printed circuit boards
waste in the mix increase. The self-compacting mortar
incorporation printed circuit boards in the appropriate amount
should not exceed 15 percent, with compressive and flexural
strengths of 38.25 and 8.23 MPa, while the percentage of water
absorption and Loss of compressive strength from sulfuric acid
corrosion was 7.06 and 55.05, respectively.

Keywords: self-compacting mortar, e-waste, printed circuit

board waste, mechanical properties, durability
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Mix ID 2 2 ¥ SP

. 5w i
Im’)  Tag PCBs % . (%)

% 161a0

Uszanu
SCMO 550 0.0 0.0 20 110.0 930 260 0.5
SCM5 550 50 275 20 1100 930 260 1.7
SCM10 550 100 550 20 1100 930 260 4.1
SCM15 550 150 825 20 1100 930 260 4.9
SCM20 550 200 1100 20 1100 930 260 5.3
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29AUsENOUNALAT Yudunsivein .

uwaudUsTLANT 1 wAee - PCBs
Silicon Dioxide (SiO,) 19.92 33.40 54.30
Aluminium Oxide (AL,O5) 5.02 18.60 19.14
Iron Oxide (Fe,0,) 2.69 14.40 0.01
Calcium Oxide (Ca0) 65.66 20.10 21.03
Magnesium Oxide (MgO) 1.18 2.86 0.63
Potassium Oxide (K,0) 0.48 2.31 0.03
Sodium Oxide (Na,O) 0.08 2.49 0.00
Sulfur Trioxide (SO,) 2.22 3.95 0.00
Loss on Ignition (LOI) 0.96 0.59 27.47
Free lime % 0.57 0.62 0.17
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avsuazdulearnnss lulAaunaIssiuw (PCBs)

. Yudsivedn .
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AIUAULUY 1.00 0.361 0.72
Aol (Strength Index, %)
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10.0
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18 (
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MIX ID
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500
400 350 310

300

200

Setting Time (Minutes)

100 . -
130 == O==- Initial Setting Time
——— Final Setting Time

SCMO SCM5 SCM10

Mix 1D

SCM15 SCM20

JUN 14 sgeznanisnesivemeinslyadauiumienies
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v oa v ' o
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1.38-2.38 i1 Wewlsuiunesmsmuny luragnsvegiiainisned
gavingeglugag 280-370 Wil Andudnsinisiiudy 1.4-1.85 i
A o o s s a - a
daWleuiutesmimuau WellSeulfisunan1snaaeuszezininig
neveueiniilvadauiumenueduyndiunauidni ey
WuleainnsslaiAaunesasiun (PCBs)fusraglia mulndan
seeziianlunisnedleglutisseusuldnuuinsgiuiivue Wiy
segziansnessudulitosnin 45 wil warszeziiannsnas

gavigliinnnnida 375 ndl

3.3 audRveawasmslvadauuumenueduan1izudeh
3.3.1 M&Idn (Compressive Strength)
nsnngeufddnvswedmfidunisudludi Tagszeznan
Tunsuufnum 7, 28, war 90 U AINEIFU NANISNAABUANEIDN
vosuasng dauansluguil 15 nuiniieny 90 Yu Mdsdngeanves
1asASSuamuanU TAnvinftu 38.25, 37.93, 37.54, 35.54 Lag
32.98 wnzUrania (Mpa) d1iuaiunan SCM15, SCM10, SCMS,
SCM20 way SCMO MINENAU A1899nYaINDsANS Inad ALl um Y
autesiluunlvuanand eUSumvezarnunesasiuilud unay

v v a a 6

WisAL Inema a0 nluui i wil o US U 10 LRSS RUR

Wingetuaudefesar 15 lagA1i1a98n nanduAIidaednd

wwnliuanas uwidnsganduesnisaiuay

50

O7d F28d m@o0d

40

30

20

10

Compressive Strength (Mpa)

SCMO SCM5 SCM10

Mix 1D

SCM15 SCM20

Y

U7 15 Mawavewesmsivadauuienues
3.3.2 Masin (Flexural Strength)
NNSNAABUAAIRAYDINBIANSTSTaLLIAUAITUN 7, 28, kag 90
Tu nan1snegeudanansluguil 16 wuinileny 90 Ju Mawngaan

99UD5MNS58amudRY TAvindu 8.23, 8.09, 7.83, 7.80 way 6.93
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