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Effects of Cement and Fly Ash Contents in

Concreteagainst Sulfuric Acid Attack

Fongjan Jirasit '
Rajamangaa Institute of Technology Northern Campus
Chai Jaturapitakkul  Anek Siripanichgorn ? and Kraiwood Kiattikomol *
King Mongkut’'s University of Technology Thonburi

Abstract

In this investigation, the effects of cement and fly ash contents in concrete against sulfuric
aid atack were dudied. Fly ash from Mae Moh thema power plant was used as cement replacements
of 0, 20, 30, 40 and 50% by weight. The cementitious material contents (cement plus fly ash) in
concrete were varied as 300, 400, 500 and 600 kg/m’. Twenty mix proportions were prepared
to cast 160 specimens of 10x20 concrete cylinder. The concrete specimens were removed from the
mold after 24 hours and then cured in water for 28 days, after that they were divided into 2 groups.
The first group was tested for 28 days compressive strength and the second group was immersed in
3% by weight of sulfuric acid solution. Weight losses of concrete specimens were measured after
immersing in the acid solution at the age of 3, 7, 14, 2 1 and 2 8 days.

The results showed that concrete having the same cementitious materiad contents and without
fly ash gave the highest compressive strength at 28 days for every mix proportion, and the
compressive strength was higher as increasing the cement content. The increase of cement content in
concrete resulted in the less required of water-cement ratio for concrete with the same slump,
however it did not reduce the weight loss due to the sulfuric acid attack. In contrast, it even
increased the attack by the sulfuric acid. The concrete with cement replaced by fly ash reduced the
degree of sulfuric acid attack as compared to the one without fly ash which having the same
cementitious material content. Concrete with cementitious material content of 300 kg/m® and with
50% of fly ash replacing cement was the best to stand against the sulfuric acid attack, however its
compressive strength was also low. In summary, the selection of concrete mix proportion against the
sulfuric acid attack must be considered on cement content, cementitious material content, and the
percentage of cement replacement by fly ash in order to achieve a good resistance to sulfuric acid

attack as well as a reasonable compressive strength.

" Lecturer, Department of Civil Engineering ; Formerly, Graduate Student, KMUTT
? Assistant Professor, Department of Civil Engineering

¥ Associate Professor, Department of Civil Engineering
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Chemical Composition / Physical Properties Cement Type | Fly Ash
Silicon Dioxide, Sial, (%) 20.62 45.75
Aluminum Oxide, ALO, (%) 5.22 25.217
Iron Oxide, Fe O (%) 3.10 8.80
Calcium Oxide, CaCl (%) 64.99 9.32
Magnesium Oxide, Mg0)| (%) 0.91 2.29
Sodium Oxide, Na 0] (%) 0.07 1.53
Potassium Oxide, K 0[ (%) 0.50 2.79
Sulfur Trioxide, SO | (%) 2.70 1.82
Loss On Ignition, LOI (%) 1.13 1.12
Specific Gravity 3.18 2.00
Retained On Sieve No. 32 5 (%) - 33
Blaine Fineness (cm®/g)| 3420 3322
Mean Diameter (micron) 17.3 46.6

é’nwm:mamumwmaaﬁwﬁmuﬁuanﬁﬁri’mﬁmmm“l@h'mn'lwrhwmwmmm&mﬂ
feLe3es SEM wuiwy‘u%muﬁﬂ:ﬁé'nmmnﬂumﬁmmu 3ﬁ'i’1d‘|.ﬂi.|.tiuauﬁqﬂﬁ' 1(N) UL
tuinaziunsinau ﬁmmmﬁnlmgﬂa:ﬁuﬁagﬂﬁ 1) mmﬂmkmﬂmﬁwaogu%mm{
uazttuRwinny 17.3 uaz 46.6 llaswas M ay uasdanwasnInizauasautng
Ny (mﬂﬁ 2) FIUKNANTINAFAY Blaine Fineness wu'i'lﬁuﬁﬁié"lwazﬁaaguﬁLuuﬁuﬂ:tﬁﬁ
dnuAndidnurinni 3420 uas 3322 ou.2/n. auiray Sahegluinmueiaiu ASTM C 150 darmua
ﬂ"m'nua:l.'ﬁumjadﬂuw‘ﬁmuﬁﬂﬁmuﬂuﬁﬂszmﬂﬁ 1 gaslaidhnin 2800 w.2n. faunnuasdua
'uam.ﬁ'ﬂfi"mﬁuﬁa}:ﬁﬁmNﬁmaun‘%ﬂmmg'J:-s:Wha 2500-4000 a1.%/n. [23]

n) Yudiaud 2) I uRARIINUN:
L]

J . b . '
31I'r| 1 MUWOETNBURINBUNINGIL Scanning Electron Microscope



a W @ oy o o
32 MINTIWUATWRIUT U5, UN 22 aUUN 2 WOBMAN-TIMIAN 2542

Cumulative Passing ( % )

100 i
M ][
Cement
~
o Fly Ash
//
50 H ol
11!
——/ T
éﬂ'—'-”‘
Lo
0 e el
0.1 1 10 100 1000

Particie Size (micron)

P o & . o o “ &
zﬂﬂ 2 mwauwuﬁ:xmwwu’mm&mﬂnmaﬂa:azawaatmmwuua:guﬁ’jmuﬁ

MagINAaUNIe

msﬁnma%ﬁ’bﬁé’aamaﬂaun‘%mgﬂmonszuaﬂmm@uﬁumuquﬁﬂmo 10 3. §9 20
gy, Seansunsuraineuniaasugasluen i 2 ﬂ’%mmgu%muﬁﬁmuﬂﬁ 300, 400, 500
Waz 600 NN./A° mnﬁ#uuwuﬁﬁu“ﬁmuﬁﬁamﬁ']muﬁu‘lué’mﬁmu%ﬂa: 0, 20, 30, 40 W&z 50
1a m‘fmﬁfnmaﬁa@lﬂszmu UuBuuduaziiemuin FWdaflFnEunaunI A auIIIN 20
P HY ﬁoﬂﬁaanLLuué’smehm{wsiai‘aqﬂs:mw.ﬁ‘a'l%“lﬁmmiquﬁaagjis:mfw 5 114 10 4.
Ynndadladinauniaa1y ASTM C 192 LLa:nammuﬁmq 1 % il uulusia
wegasy 28 T luudazdunaulidradnineunia 8 daet Foiudedsuindang
aawniaronua 160 eodns Wavulwieuasy 28 u Seutedmatnounzadn 2 &
TauEIMWININEMARBLIAISAAIN ASTM C 39 $1u7u 3 a1 luuaazdIungu LassIuh
2 ﬁnmLL’ﬁ'lumsa:mUﬂm%aw“’%nﬁﬁmﬂmﬁmms"aﬂaz 3 lapsiwin (fiouwiniuen pH 0.5
FIUNRURT 5 A8 LLa:fomf’]ﬂﬁnﬂ"'sazi’mﬂaun‘%ﬂmwmqmaanfmvﬁmia:mﬂmﬂﬁ 3, 7,
14, 21, uay 28 M Lﬁ'aﬁnmamwmsﬁ’ﬂns'amﬁaomnﬂsﬂ‘ﬁ’avﬁn'lugﬂmaoﬁﬁﬂﬁnﬁgmtﬁa
2YBIABENINBUNTAUUAREFIUNEY



a o o oty el o o
NSAHTIRBUBLWAIU 335, UN 22 auUuh 2 Wi]'H.ﬂ'lﬂ!J—aQWlFlN 2542 33

d, o . i
AN 2 80N ﬁ’l%Nﬁ&lﬂadﬂauﬂ%ﬂﬁl’ﬂ%ﬂﬁﬁﬂﬂﬁaﬂ

Mix Fly Ash in Mix Proportion (kg/m*) wcsry | sum
Design Replacement Cement | Fly Ash Coarse Fine Water Ratio (em)
No. (%) (9 (F) Aggregate | Aggregate
1 300 876 885 215 0.72 6.0
2 400 880 804 216 0.54 7.0
3 500 880 720 230 0.46 8.0
4 600 882 636 228 0.38 7.5
5 20 240 60 876 885 213 0.71 7.0
6 20 320 80 880 804 220 . 0.55 9.0
7 20 400 100 880 720 205 0.41 6.0
8 20 480 120 882 636 222 0.37 6.0
9 30 210 90 876 885 225 0.75 6.0
10 30 280 120 880 804 200 0.50 7.0
11 30 350 150 880 720 200 0.40 6.5
12 30 420 180 882 636 209 0.35 7.5
13 40 180 120 876 885 201 0. 66 8.0
14 40 240 160 880 804 203 0.51 5.0
15 40 300 200 880 720 185 0.37 5.5
16 40 360 240 882 636 210 0.35 6.0
17 50 150 150 876 885 210 0.70 5.0
18 50 200 200 880 804 176 0.44 5.5
19 50 250 250 879 719 180 0.36 8.0
20 50 300 300 882 636 206 0.34 10.0
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Compressive Strength (kg/cm’)

600 . .
! Cementitious Material Content

500

—'\.\)Q 600 kg/m’
400 T 500 kg/m,

»X

400 kg/m
300 v\.—-————\
200 -
\0 3
* 300 kg/m
100 +
0 { i } i {
0 10 20 30 40 50

Fly Ash Replacement (%)

P o a € Vg a a a _a o 1Y a a 6 o “ oA
31JY| 4 mmauwuﬁszmwmmaﬂﬂaunmﬂmq 28 aw,m:manaanmmungmmmmmmmwu

'lunstﬁl,muﬁgu%mu@?ﬁaULﬁﬁmuﬁm’aﬂa: 20 uaz 30 lagnimein wuiisssaneunia
ﬁmq 28 YU ranadnioionaz 91.4 019 95.2 Lfia'l"ﬁﬂ‘%mmi'aqﬂs:mu 300 W&z 400 nn./a°
uasidasenas 96.1 i 98.4 Lﬁﬂ‘l’ﬁﬂ’%mmi'a@lﬂs:mu 500 uaz 600 nn/u.? Gauaasliifinin
Lfial’ﬁaqﬂs:mu‘luﬂ‘%mmmn mmﬂuﬁguﬁmm‘fﬁaULﬁﬁdmﬁm:ﬁNa@iamsaﬂﬁﬂﬁqﬁﬂ
ﬁﬁaUﬂdﬂumﬂﬁ‘l’ﬁﬁgﬂs:mu’[mﬁmmv?aU ﬁv‘oi‘fmaLﬂuwaLf‘iaomnmﬂ’ﬁgwﬁuu@ﬂuﬂ’%mm

fganinazinldlduasidonlaasanladandjidonlaesmuluSananuinningimneas

LY .

)y

aaunTafilfUSinuuduudtes amudsdiuaadoulansenlodunnifsswalunmaiuism
as v ) ~ A [ AI o a e 1 ‘d
Yasloauwnuitniwindaiumitioiiusssannaauwniadnniani



36

P TN o YA
a199n 3 mmaaamﬁmq 28 LLa:mwunmnyﬁwaaﬂaun?m

Y w P | o o
MNINTIBUBWHU N3, UN 22 20U 2 WoRMAN-EIMAN 2542

Mix Fly Ash Cementitious Comp. Normalized Weight Loss
Design in Materia W/(CfF) Strength Comp. (%)
No | Replac. (kg/m®) Ratio at 28-d2ay Strength
(%) (kg/em®) (%) 3d | 7-d | 14d p1-d |28-d
1 300 0.72 291 100.0 (.13 |1.29 (3.73 5.65 | 6.60
5 20 300 0.71 266 914 0Of 34 D. 45 1.53 2.10 | 3.20
9 30 300 0.75 277 95.2 .38 |0.52 (1.16 2.00 | 3.19
13 40 300 0. 66 175 60.1 p.77 (0.81 |0.81 0.99 | 121
17 50 300 0.70 151 51.9 p.03 |0.06 (0.06 0.07 | 0.08
2 - 400 0.54 427 1000 233 B. 34 7.26 9.98 |11.59
6 20 400 0. 55 392 91.8 111 p.26 |[5.75 7.93 | 9.28
1.0 30 400 0.50 395 92.5 [.24 |2.33 [5.46 8.33 | 9.01
14 40 400 0.51 350 82.0 pP.90 |1.17 |(1.47 3.75 [ 5.68
18 50 400 0. 44 360 84.3 D.40 |0.96 (2.16 5.04 | 6.42
3 - 500 0. 46 507 100.0 Pp.52 |3.51 ([7.28 9.55 [11.27
7 20 500 0.41 499 98.4 [2.31 |3.97 (8.07 |10.41 (11.87
11 30 500 0.40 487 9.1 2429 J.88 7.48 |10.17 |11.75
15 40 500 0. 37 453 89.3 [.53 |3.39 (6.74 9.43 |11.53
19 50 500 0. 36 408 80.5 [0.14 |1.68 |4.44 7.31 | 8.84
4 - 600 0. 38 539 1000 211 4.85 8.13 |11.83(13.34
8 20 600 0.37 527 97.8 (2.25 |4.14 | 849 |11.10 |12.63
12 30 600 0.35 527 97.8 [2.60 |4.42 (8.41 |11.04 (12.49
16 40 600 0.35 505 93.7 1.75 | 419 (7.28 9.49 [11.19
20 50 600 0.34 471 87.4 0.28 | 1.79 |4.26 7.23 | 9.14
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Immersed Time in Sulfuric Acid (days)
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