ISSN: 2034 -2142

Mﬁcaﬂjﬂ V
urnal of . olume 9, Number 2, 2013
of Engineering Research and Science Technology

gFFECT OF SULPHATE ON MORTAR w;
H SUGARCANE BAGASSE ASH AND CALCIUM
CARBIDE WASTE

Ali Umara Shettima®

: pepartment of Civil Engineeri » Hassan Ibrahim Ogiri®’, A :
gineerin giri® , Abu Yunusa

Etgt:‘.!;hz‘;{g§§vh leﬁll:ral Polytechnic Damatury, Yobe
FEd B J- |E'El"|ﬂ+

eral Ur'i_wEr_sltv of Technology Minna, Niger state,
Nigeria

263 pepartment of Building,

The demand for green and sustai M."'ETMCT
heen grown extensively in recent Eﬂ% rmha.m" ials to replace conventional Portiand cement have
sterisls. The accumulation of v Uhis has facilitated the innovation of sustainable concrete
onvironmental pollution. This mseaﬁ”?”mﬁ”f; and industrial wastes had contributed 9
suiphate on mmpres;fre strength and hamiene; Emﬁeg}wmﬂi Mﬁ,g ;:;;;ﬁ
E_féi‘i' 4{ iﬁ) ﬂiﬂ’;ﬁﬂ'gﬁ;ﬂ? ggﬁﬁﬂ? waste (CCW) as binder. The chemical mmpa;ff:n of SCBA and
O atios of SCBA and TSI AN Was repaiec usiog, e b of 70/30, 60/40 and 50/50
el gl . To study the effect of suiphate resistance, Mortar of 50 mm cube
with diifferent mix ratios containing SCBA and CCW were prepared and mm:f in water. The cubes
were later immersed into sodium sulphate at a concentration of 10%. The Wﬁﬁf”ﬂ strength
of concrete at 3, 7, 21, 28 and 56 days of water curing were determined. Mass loss and strength
reduction due to sulphate effect were evaluated at 14, 28 and 56 days. The result obtained from
chemical analysis of the sugarcane bagasse ash indicated that the com ned percentage of Al:0s
Fe:05 and S5i0: is 78,7673, while chemical analysis of calcium carbide waste showed that the Ca0
is §7.0%. The compressive strength at 56 days sfhiows that the control specimen has the highest
value of 25.36 MPa while that of the formulated binder proportions were 6.93, 5. 19 and 4.64 MPa
for 70/30, 60/40 and 50/50 mix ratios, respectively. These shows that the 50/50 combination has

shows that the control specimens and 70/30 mix combination showed a better performance in
respect to visual appearance, weight and strength loss respectively. Hence, the mortars
formulated from the various binder combinations satisfied the basic requirements for class N, P
andﬂmadamassaeﬂﬁedbyaﬁENEﬁ -2
Keywords: Calcium Carbide Waste (ccw); sodium sulphate; Mortar; Strength;
Sugarcane Bagasse Aslt (SCBA).

INTRODUCTION . _ y

The modern lifestyle and advancement in technology has led t© the increase in the amount 2

type of waste generated which has resulted into waste disposal crises. It has thu;, become an
ep called waste generated. Agricultural waste like Sugarcane

issue to reduce or remove the ol
Baga : i disposed on open fields and has negative impact on
sse Ash and Calaurm Carbide were CBFP nding for more landfill areas to

: rrounding
z:éﬁrt';ment.llg pﬂltl;:ges ::IE TS;S can be disastrous 'f left unattended and handled properly at the
early stage TﬁErr:ngorepi?: ic crucial that 2 study is performed to put forth an alternative solution to
this problem. : binder will not on!
; . lace cement as an alternative binder will n Y
The utilisation of agro and industrial waste to repredur:e the carbon dioxide (CO,) emission and

‘ but also
enhance environmental performance “
energy consumption generated DY cement industry-
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‘ i rectly from the .m:“ﬁ-"-es
ally, ASTM C 818 (2015,
gy their poEZoen= activity 3% 0 0 0-75% as requirement g,
to study =E IO T mtage of S0 AV

- : - =" ;H:..l.-_- -] | | o
fied the comY kic < material which in
aterials @3 pozzoanie pozzolan a5 @ siliceous, aill :-.Dhi n*:—!t:ﬂf . pmséq ]
aSTM C 618 = 122 (2015) Cf;-;i? valpe but will, in finely s:'.-:de;d mrg;mp;unds WSSEC; of
pOSSESSES littie igl ;,;:ﬁwm 'Ii;ﬁ at normal *eﬂirimf".:fﬂ‘ t‘»’éf zns:entia'.h,- e that &
s rties _c-H. Pozzolan is 3 pow o . oducts o
¥ substituted for cement, USUET B crength slowly and therefore require curing over 3

trength is high.

-

used as different entity Dy various

L]
um carbide wast y
Sugarcane bagasse ash and rfcaam :ce £ congrete OF MOMAN. Nattapong et &/ (2011) combined
to study the perrorma formance of the concrete

researchers i . the strength pe
calcium carbide residue and fly 250 af'stszce.—;ﬁ E::E:sby-prﬂduct obtained from the production

described calcium : _
?rﬁﬁ of acetylene gas (C:Hz), as shown in equabon 1.
CaC,+2H:0 — C1H2+CB(D]H}:

(Eq.l1 _ _ _
is wi ippi ' ; hile the by-product CCW is
Acely oH; s widely used for ripping fruits and welding whik : ;
uﬁenlad;gfﬂ a'g ﬁste in Ia]:-fdﬁlh and thus poses a threat to the environment. CCW is mainly
composad of caldum hydroxide [CE[DH};] with a mass hfacl:'l:_rn of above '32“:4: and is _h|g'nl,w,|
alkaline (pH > 12). It has been found that mixing COW with certain pozzolans, which have high
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silicon dioxide (Si0;) or aluminium oxide (Al;0s) content could yield pomlgnic reactions, resulting

in final product that are similar to those obtained from the cement hydration process (Nattapong
et a/(2011).

The research of Nattapong et &/ (2011) shows that the addition of 3% CaCl, by weight of binder
to the mixture of ground caldum carbide residue (CR) and fly ash (FA) yielded concrete that
exhil:_nlte!:l high workability and acceleratad the compressive strength at early ages. Their research
also indicated that the 450 ka/m® of CR-FA binder content with 3% CaCl; at a W/B of 0.3 yielded
a compressive strength 24.3 MPa at S0 days without addition of Portland cement.

Chai and Roongreung (2003) observed a pozzolanic reaction between calcium carbide residue and
gce m_:{:;re ash and rdr_leprt‘}rted that the highest compressive strength of mortar was 15.6 MPa at 28
ays. ir resea as revealed that the calcium carbi ici i '
reaction. ide waste can participate in a pozzolani
;rl?;m?rt and Tangtermsirikul (2004), reported that Ca(OH), calcium carbide waste react with
- th:::e umt:;gu, :;d ferric oxides in fly ash through the pozzolanic reaction to form C-S-H, similaf
calcium r:zrbi:jll_ reiﬁwﬂt:‘;ﬂc:':;“g;?ﬁ"ﬁgﬂﬁﬁ& ;f]ﬂ‘h’ also showed that the optimal ratio of
209 HPa 2 Sdays s 30:70 b weight e to achieve the highest comressive strength ¢

rcane bagasse ash (SCBA) i 2
admixture. The ash is cfbtalne?d Isfr:r:E n:gfl ‘:he main by-products tat con be used B minerd
Ssl.égar:ane, cining the fibre after the extraction of the juice I
veral research have shown that :
finely grain particles and used as ;Elswaiﬁm bagasse is calcined at 700 °C and crushed &
setting time, final setting ti y replacement of cement, it will yield an increase in initial
: tting time and consistency. Howev y :
strength, density and compressiv - er, the flexural strength, split tensi®

e strength were ; L .
sugarcane bagasse ash (Jayminkumar ;Ed Raijh'nracllam;naf:}s With the increase i the percentag® !
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R . 'y ) evaluat
fmr CEMENT 1IN CONCrets Productis

LEs th <u :ﬂh - F .

I E— i NCTions, Total wa: , o oy of SCBA a5 a partial replacement

punt 3t 700°C 1o caicined ang Weight of - SNt of 23.7kg of sugarcane bagasse (SCB) were
45um sieve, They obseryed that t;‘-:urgéﬂjilkg of SCBA were obtained after sieving through
compressive strengths of 2 ment of OPC with 1no e T .
-..u'-"lﬁ"'e55|"f = atn ﬁl:' 223“_."”1-—.'4 and EDIN or Opg | th ,q 3 andlzﬁrﬂt by SCBA haj
flgBEJ spedncation for PERE‘[EIH:[ IJEI':I"I which satisfied the F-.FI'M-SE"J

concrete structure, s mmended for the use of reinforced
Nuntachal, Napongsatorn angd Chai
repfgjngi;;::?:::;tt:ﬂnﬁ is 'Mprovement an mse tsrac:-péfiz .;?f‘ ?:;Z,aii-limuﬁgriifiie::
# = = r o | r. 1N } iLaining
?-,_: control mortar, while thﬂ::ptlﬁgfment showed that the LOmpressive strength was higher than
control specimen, This show A'® Not grounded have lower compressive strength than the
co - & A 1ows that fInErI'E'.ES af bagass.e ash s jmﬁ'ﬂl’tﬂ"t factor affecting the
comprassive ﬁhreng;h n_f mortar, The research also concluded tha Ir'lnrrtarum-;:a-wm: i
ungrounded ash had Migher water requirement than mortar containing ground ash. wh r-wgcu_ d
be due to the large particle size ang high porosity of the original ash, IR

e fresh and sulphate resistance of mortar containing sugarcane
aste as cement replacement,

-ANfmm? respact
Y index and recp

Experimental Program
Materials

=t N, calcium carbide waste, natural river
12T confirming to ASTM C494 (2013).

factory located behind Morize fertilizer

ced by open air burning for 4 hours and

sieved through 75um BS sieve, The Spedific gravity

Fg. 1: (2) Image of the exposed sugarcane bagasse to dry for calcining (b) Sugarcane bagasse
ash
The calcium carbide waste use for this research was ohtain_eﬂ from a road side “panel I:-ean_er"
workshop in Minna, Niger state and was grinded to a finely with a BS sieve of 75um. The Specific
ravi Vo= 2127. _
E.‘h.alr E;LEF L:Iﬂlfgr this research study was ordinary Portland cemgnt CEM | with strength of
92.5 MPa, conforming to BS EN 196-1 (2016) was locally purchase in the market. The Specific
ity of was 3.1. ) . . :
g-hTtszr?d 5;:;?:::; study was natural river sand obtained fmm the stream bed and was tested
for sieve analysis, specific gravity on saturated surface-dry basis, oven-dry basis bulk density and
muisti'm tf f conformity to BS EN 13139 (2013). The result of sieve analysis shows that the
freness n?or;:ulzg is 2.6 specific gravity = 2.54, bulk density = 0.78 g/em” and moisture content
fine .66,
was 5.76%.
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r i w this
on of morta adopted for ~f .34 The proportionai,

Hi: mel'ﬁ = 2 n'll:"lhi.“d' et ratio

The BS ENn:;!:gi:?il:ﬂlr‘a minimum strength with 2 TH!FT:':H:;'!" were 70:30, 60 40 and 50°50 &,

w-;_qde!.l'%l o for L'E'mfﬁt rr[\Iﬂ['lf"'i'l‘l_l:_'"ﬁ. for the 0 nd h“,r}&n. rﬂﬁ:“_‘"t.—‘f‘?i'!' The ot

of the binder used 4 designated as M7030, M6040 @ d water was added and miven

SCBA:CC rabﬂm:t:m was designated as M100. The desigm B
m i

§ minutes
mortar paste for abot - wion of water a0 o
t‘l"&:!r'l:Jll-l'lilh!.;I':;|I up m;‘mﬁﬁﬂ the binder was used 'tnE Daucud n: : ,:}?ﬂ;:;.r- e e
SI.IFIH'F“ cizet ) cums I:}f 5“ ® 5[] ® mm e L --"-l' o - T
i ' sulphate resst
i Emﬁh?m;':;n;:?:;:ﬁﬂtiim of 50 x 50 x 50 mm were casted for the SUiph witares
e thi

| 8) cubes were casted for control specmers. A
Hm“m“mlgml 3dﬂﬁtﬂﬂtﬂmmmumhffqﬁ:g

;asthg,ﬂtmbﬁmmpﬂnalawam'm:mmepeﬁmufl?.Ilandlﬂar‘-d?‘-':a'ﬁ'—,.—

-mmwmgmm&t—mﬂ
; i ofﬁ.}llpl-laftefﬂ'!iﬂ“ﬂﬁm”* o
mn-.ndthacﬂncmtramﬂ d at 14, 28 and 55 days. The Wy

pmpnrtimfnr!:hemnl:rotand SCBA/CCW mortar specimens are shown in Table 1.

- propo :on for the control and SCEHCCW mortar !EEE
Table 1: Mix rtion L ol

of mix design Wis

Mix Proporti  Fine  Ceme SCB
Nomenclat on :ﬁ'?g} nt (g) l,’:} {‘d:] s::'i:lz:r d u;:;lr
blend .

- (%) ’ litres (9) —
MO0 100 4290 1744 —=— = —
M7030 70/30 4290 - 1008 378 6.93 915
M6040 60/40 4290 -—- 864 5S04 6.84 955
M5050 50/50 4290 - 720 648 6.84 981

RESULTS AND DISCUSSION

The test results include, the physical properties of the materials, chemical composition of ™=
anﬁsivemxgmﬁndmlmmsmmmdmwm.

I'hrsialpmpnrtiﬂnfﬂmmnm'ials

mmmﬂnmmwwmathTmlﬂwl
mumﬁmmmmﬁmﬂmmmﬁmmmmmm&
mmmmmmmn(MJMMammﬁdzﬂ.Msw

graded conforming to BS EN 13139 (2013), as stipulated for fineness modulus to be witha T
range of 2.3 - 3.0.

120
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00 : '
1 [ S o

s b+ e

oo | 1 i 1 i

*
— e B =B
P ———— s wm F
40 = =
- i . .
g =4 . - %
m .- s ——= e [
. s shscemn lind
e 3 g et —— -
— e -
(i . e -

ool o1 1
Sieve Sie (mum)

Fig 2 Particle size distribution for fine aggregate (sharp sand)
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The moisture content tec:
aagregate us2d was 5.76 _

density of fine aggregate fq, C

3 ':I,_":"'\l"
1532.08 kg/m” and 1200.7¢ kg/m? re;ﬁ::fnﬁ,ﬁ-
to compacted of fir
:lr ti‘lat W,

The ratio of un-compactad
specification of BS EN 1313g (20,5
0.61 - 0.87 by Neville (2017,

The result of the specific gravity of fine

]
= WUSEP

I'IE-S |.“' o ﬂ‘

&d that the

M€ 3ggregate was 0.78,
¥as ranged between (.87
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e FLOMmMbE = , . :
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.
LT o 13, i - d
wihicn complied the standard

- 0.96"* and simplified as

|

i = 8ggregate y : .

to 3.2 specified by BS EN 13139 (2913 Vas 2.54 and confirmed with the range of 2
- ). The specific araying nf . e e T KN,

ranged of 3;:' spal*uﬂed by BS EN 19 (20186). Whnegﬂ:;{f f*r CEE:t is 3.1 wihich was within th

caldum carbide waste (CCW) were 2.56 and 2,27 OF sugarcane bagasse ash (SCBA) an

gravity of CCW was slightly hig
Krammart and Tangtermsirikyl (
reported lower specific gravity of the §

Table 3: Summa

her than those re
2004) which were
compar

]
E
1
-
Bt
La
=
31}
L
]
=5

&
5
E

+

'

that
Ported by Chai and Roongreung
2.21 and 2.26, respectively, Osare
ed to the current research WOk
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=
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R
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OO ) 2wy
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[
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T ry of physical property of materials

_ S Sand  Cement SCBA CCwW
Sieve Analysis 3.69 o — =
Specific Gravity 2.54 3.10

2,56

2.27

Eul_k—Densitﬁ_.r (Ka/m3) 1532.08
Moisture Content (%) 5.76

——

—— — ——

Chemical compaosition of materials

The chemical composition of
used for this study was presen
of Al;0;, Fe:0; and Si0, for SCBA
requirement of pozzolanic materials

within the required 10% ASTM C618

Sugarcane bagasse ash (SCBA) and calcium carbide waste (COW)
ted in Table 4. The results illustrated that the combined percentage
Is /8.76% which satisfied the 70% ASTM C518 — 12a {2013)

- The silicon dioxide also conformead to BS EN 197 which siated
that for any pozzolanic materials should not be Jess than 25%

B

in silicon dioxide. The Ca0 SCBA is

= 12a (2013). This indicate that the chemical reaction with

caldium hydroxide compounds exhibit cementitious properties. Similarly, the chemical analysis of
CCW shows that Cao was 87.0%, which was above the required limit of 109% ASTM CE18 — 123
(2013), however, other compositions were within the limit. From this aforementioned the chemical
analysis of the constituent materials (SCBA and CCOW) used were in accordance with the
requirements of ASTM C618 — 12a (2013) and the materials shows pozzolanic properties.

Table 4: Chemical composition of (SCBA and CCW)

Chemical O . = W:raﬁ
composition Concentration ncen on
- of SCBA of CCW
Si0; 64.7 8.2
Al;0; 8.5 ig
FE;DJ 5.6 E? -
ca0 6.7 -
MgO 2.8 0
Ka,0 4.0 061
HE:D 0.7 25 3
LOI 22.0 :

Compressive strength of mortar

strength values of the four mortar specimens at various

Table 5 shows the average cﬂmpr;Eti"'fhE compressive strength of SCBA/CCW mortar increased

testing age, The results showed
slightly with the curing age compare

to the cement mortar specimens. The compressive strength

8
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{ LU (el r Sp Mz I.I. . ) i SET meth of Partlane .
t}inl[dc can E|I af Sc‘iﬂ:{.ﬂ':'f‘f in the rrisrtar. H||_|".':,|',.J'-'_I|| the CoMmpre '_’I'rl' 'Ilf' I':__j: ;;-;-.-J -;_.__ _: IIJ LT ey
| ! FI' I t] } I:\[I EIIIEL I"'-|I. Nt 'LHS&.."":I up o ;.:5.36 pPa at '_',ir.l l:_lﬂ';u'"-'- |h'f'- resit In jcated tnatl .hr:.’-’: ES
r'IDI"tEIF o Lﬂl'ld' - t.

. ; o ecerged that the compress,
: o erpAfCOW mortar. It is ObSEMVE PreSsiy,
. Aown in the I"-.':.fdra'l.lf.'l-'l ar 2 el Pt Letween CaliH

: Ellghé\hr?askggﬁ?fr&{.‘w mortar were increased due the pozzolanic rf_.;:f.:‘r on bzt n. ~aflH

S 0, A0, and Fe; 05 in SCBA, which developed during curing. This t:-r:!:m HOUE 15 iy,
_ a’: : FSI ht -:':I shr‘a-c;mcnf with Portland cerment used as @ binder (Neville & Brooks, 201y
to that of contr e ‘

Shetty, 2006).

A ir

Table 5: result of CGI'I'IEFEBSWE Streuq'lh test
ength (MPa)

Compressive str

~ Mix ratio
(%) 3 7 days 21 days 28 days 56 days
days
~ Mi100 w55 12.28 1627 21.00 25.36
M70/30 220 355 4.71 5.79 6.93
M60o/40 168 249 4,36 4,64 5.19
M50/50 173 2.?_5__33[::___3._53 416

Results of Sulphate Resistance test

The Sulphate Resistance test entails physical deterioration, differential weight and strengt
recistance of the mortar at different immersion period. The Fig. 3 shows the pictorial view of 5
day of the mortar immersed in sulphate solution, Erom the physical view it was observed tha!

there was no apparent affection of the sulphate on the cement mortar of M100 and e

SCBA/CCW mortar of 70/30% (M7030). But the SCBA/CCW mortar of 60/40% and 50/30%
gradually developed wears_and tears with the curing age.

B 11100 Mortar specimens

: MOS0 Mortar specimens

e
12

Fig. 3: Image of - _
Table 6 and fi |gure?} tu;lgiﬁg‘:: ?hw%:-al deterioration of respective mortar specimens
differential test was obtained pW.SN.,JL:nl the detall average results of the differential weight. The
mortar specimen’s shows that th; g LL'ru:- average differential test on sulphate resistance of "
ement mortar maintain its stability and absorbed at appfﬂfﬂ:e

g
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uring ages increases. The 50
E'L:_E days the curing, /50%

mortar of 7

E!U,I'-ii[lﬂ;.‘n of

0/30% also maintain it state and
of the SCBA/COW

C loses
m.:..g: abeormar It and wearing as the
bed excessively and soften at

Table 6: Result of Differential

o weight;nif.wu
_ o uring ages
Hl?' u’.-?ﬁn 14d ;E li: 56 da
Mm% Dif. '.-: l{ﬂ Dif. W (9) Dif. W (g)_
9.
m;gﬁg 4.67 152; 1‘?
-13
M50/50 14 5i343 i
0 ?
=15
::;: Qﬁ == 100% )
& i
g q =B=70/30%g)
._5:} 5 | 14DAY 28DAY SEDAY w50 40% 2]
=10
i
5 l e 50/50% ()
'u ¥
Curing age

Figure 4: Summary of differential test on Sulphate Resistance

Table 7 showed the summary of average results of density and strength resistance ©
immersed in sulphate for 14, 28 and 56 days at various percentage replacements.

f specimens
The results

indicates that control specimen (M100)
SCBA/CCW mortar sample with 70/30%,

has strength of 25.57 MPa at 56 days.

Similarly the

60/40% and 50/50% mix at 56 days were 6.17 MPa,

results indicates that the comp

ressive strength of the

1.13 MPa and 1.45 MPa respectively. These

increased. This could be attributed to the high

mortar decreases when the percentage of CCW wasm
calcium oxide which decreases the strength o SR % e
observed that the compressive strength of od

as observed in section 3.2. It is also
and SCBA/CCW samples at

. | in | - and maintzin it stability throughout the
70/30% increases with increased In immersion period and TAION samples of 60/40% and

sulphate immersion. While the compressive strength : N bRy I the
i ncrease in curing age n th
50/50% rl:aSpecmﬁ‘\sdea'easesmﬂ'n b g
Su{phate Tn{':mel;'sinn. The density of mortar throughout the period of Imm
adequate compared to the Lnss_uf curr:nm
particles of SCBA and CCW occupied the

i CS) of the mortar immersed in
Table 7: Result of Density (Den) and Compressive strength (CS)

sulphate solution. Curing ages .
| 28 days | sedays
n

(kg/m”) __E*_F_'} l
Mix ratio — 2400 25.57
(%)
' M100 |
“M70/30
_M60/40

_M50/50
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lowin findings Weres deduced:
he followind 2> | developed more <trength than that g

tt
From the results of o experimen | e
d revealed that control SPE : .
1 Th”éﬁﬁﬁggﬂf speci renﬁ a to the sl ht breakdow in the hydr_atlﬂn of SCBAJCOW martar, |
the ally, the yerage densities an e averade n:u::n'lp:re_‘sswe crength of the Mot
2 Conanine I i gmpare 19 those containing

i ining SCBA/COW decreases wi
i mpressive strend artar contain _ with
The density and comp of COW. refore 1t can be concluded that optimum percentage

perce
30% f SCBA.
replacement was 70/30% OF -7 WS imen and 70/30% of SCBA/CON

ttack.
5. The differential 1N weight and strength of 60/40% and 50/50% of SCBAJCCW specimer
develop wear and tear during hydration period. . .
6. The 70/30% of SCBAJCCW specimens could be used for jeinting of bricks, hlocks and masonry
work. 1t can also be used for plastering and rendering work having catisfied the requirements

of strength class 1 for mortar by BS EN 998 (2016).
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