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The Acid-Resistance Properties of

Hardened Alkali-Activated Slag Composites
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ABSTRACT

The study is the results of accelerated tests and the specimens, mortars, are submerged in a 5%
sulfuric acid solution. The deterioration of specimens is followed up by investigating the change in
weight and compressive strength of the specimens and techniques such as XRD and XRF are used
to examine the chemical changes.

Sulfuric acid is a very aggressive acid that reacts with the free lime [Ca(OH):] in the concrete
forming gypsum(CaSO42H;0). This reaction is associated with an increase in volume of the
concrete, and the corroded surface becomes soft and white.

The results showed that the OPC mortar caused an decrease in weight above 18% and strength
loss about 57%. On the other hand, AASC(alkali-activated slag composites) did not cause any
decrease in weight and in the case of strength caused an decrease below 10%. In addition, this
mechanical results was verified to XRD and XRF.
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22 289y
A¥e 1(AYT 24 4P ez Yol AAAeH 1A3AF ASE AZA FFHY AFA A

bl WE 23238ty §H4o2 Fotstd s ¢4 e EEIAT 2AAPAME L2y

a2 ol¢f9] & E?JZHE AL wigtate) AL o) B EWe vnE ANk

) Ehﬂi}% oA wigte] wa AT FAAES 20MPa o4 FEFFErF HHE wrbx] Uuk

IS *a A& F, 5%9 Fakg-odel Axste 2 AW, 14, 21, 289)9] FFFH FabEof

°ﬂ A Ay ¥ HIQH FHAe] =S Jetich

(2 ¢EAEARE: FEFEE 5X5cm FEREEE FAAE AFsly FFusten e Yoz
FAy st ZH%’%E BEE FAHEA FEAolY HEE vl

(3) NZAH sk FAgde FAT FAAYG 2L AREL YuFAE ANG FAAY AZAH A
ol & AXE T8 wlwstgch

(4) x-ray 3AEM(XRD)F x-ray HFEAM(XRF): FArgHo] A3 FAH F Fagdo o3|
Edo]l FaE g AR FHAE 4A ¥ WEY dHRNA A Y& AFH}A F}
goBo] ARt & Plaind ® -4 3t}

2.3, AHEu g
TE AY 1A AL g E 29 Zon, AFAE Eo &3l A& AE 200A
5 ¥ 29 Ze uigte Agslgen, noh ekt EFA(Elo, A8 FHE, CSA B)E AME
st AASCeIe) Bl E AABIA
B 2 Mol A2 uEt?

Type Binder Sand/Binder Water/Binder | Type of Activator Activator
Contents
OPC : Slag NazCQO3: SC
Mortar 1 4 2 0.5 N2,SOs: SS 4 & 10wt.%

314 ZA2/ANNE



31. % % ZENZe

39 19 (% (bl FAEge] FAF eAAS 2 A¥Y T2 SSPEE 245 FAL
Aol HA A FAAY FFH AFFEe vlaste] I HlgE Ve Y Zoln. Pl BE vt
g Zo] OPCHE AHEE 74 #2289 Ax F Ao ozt F4% FF4 JEF4E Holn Qe
B, e SUE ASE FAAY A AFAY RS ANEHE A BAel FHdAE
Ao WE7t e, ZE A9 0% nve 35 2428 2av

10
20
—e—Plain  —8—SS4% —&-5S10% ——SC4&% —e—5C10% —~o—Plain  —8—554% A SS10% —e—SC4% —e—SCI10%
5
g g o gl
@ =
) o5
Bt 5l
WH :50
~0 Ko =10
-15
-20
0 T-day 14-day 21-day 28-day 0 T-gay 14-day 21-day 28-day
e T

Y 1 BNS8Y HX F Yol tE 3T U ASUE WaE

32 XRD &4 4%

9 29 AANFY AeE FAAY FH BAYCl o]$A 1(CaS0.2H0) 3 A7} the WA
HRe8, APRANAE Plain® 43¢ Fd43[Ca(OH):le 737t EAste A2 Rol FF Fars)
RhEate] ol e AP oRA ALHA et 2lgE Roz gdw

(7N .
’ ¢ 0 Plsin A E¥N . Plain
raY
SS4%
n ' . 1 SS4% 9
&
¢ SS10%
A Ak j}LL P A SS10% " ﬁ
SC48
J A A SC4% N R C4%
SC10%
JI ./l A A L
5 10 15 2 25 30 35 40 45 50 55 50 5 10 15 20 bl 30 35 40 1] S0 55 60
p) 20
(@) "AE b) U

@ Gypsum(CaSO,2H,0) © ! Quartz(SiOz) ¥ : Portlandite(Ca(OH);) © : Albite(NayO-AL036Si02) & : Microcline(K,0-ALO#6SiOz)
a3 2 A3H SR MOt w2 XRD A3 (Mg 28Y)

33. XRF #4447

XRFAToIA 2459 24 Plain® SO3 420 tha A Ugom, oz 9 Isugg
Bal oML 440l e ¥yl WEY Aow ARHY, AWFAMY CaO Aol tha =A Y
€ AL UF FUBe] W3 e 5T G359 b4l ¥ Rolk Aotk

20039 % 7HS SewtEs =23y 315



40[ oot
35 50
< ¥ OPlain DAAS = a0 aPlain OAAS
£ & :
% 20 ¥
paid
15 2
0 f
0 == o iy e [ P
S03 Ca0 Si02 K20 ARO3 Fe203 CaQ §i02 Fe203 503 ARO3 R0
gt 2 sfardE
(a) &g b) das
I8 3 XRFE &% 2} A&} gnHD}
4. AgAT N
41. =% 2 Z=u3 g
WAHQ A2E 4WRW OPCO Ago] AW 242 537 359 g7t 24 Yeuge 2
T dew, ¥Ae Y A AL A e PaE
0 20
~2 - Plain ——-SC —&—-FSC —#—SFC —@—AAS —e-CSA
¥
o
2l
B4
%
Xo

0 T-day 18-day 2t-gay 28-day 1] T-day 14-day 21-day 26-day
THE He
07 4 28 HX] ¥ Mo e = 9 oEsuT Haeg
42. XRD 4 4%

39 58 A AP 1eM et o] AR Ae FAM 2FS BAYC] o]FMT HAY}
deRton), AR ASE fAMne WAsk OPCY Pol wa hEA dhum 98 Haw
& 9o

* . Te I a M g Plai
i L %‘fh *, Plain A J& A b S 24 ein
i A JYTIN b ¢ o 5¢
A A | Fsc ———h n [ FSC
A A Adha SFC A o A A —~— SFC
A L—A—L‘ AnA PO csa 'Y J.h csA
A A .ﬂ Siaa R R ARS | A° AAS
5 1o 15 2 25 330 B 0 & 0N 5 & 5 10 15 22 2 30 3 40 45 50 55 6
20 28
(@) Mg b) #F

316 IA/NANE

% 5 E¥M EFof w2 XRD A} (XY 28Y)



43. XRF £42

3% 6914 Plain® CSASH AAS 7% 459 A¥7 2% 2923 13 ¥K¥ 288 18
e, AR Fe edfag ?,E}OMH% T B A SO3% CaO%ol i HA Uk
ot

45

40 0 1

ES i 50

30 2Pigin mSC @Plain mSC

2 BFSC ®@SFC D BFSC aSFC
= ® N NCSA mAAS = SCSA DAAS
M 20 N Y]
k) N £
15 N 2
N 20
10 N
5 . 10
0 : a ik
03 Ca0 802 K20 ARO3 Fe203 Ca0 5i02 Fe203 flex) ALRO3 X20
Btarg e asrydg
(a) &A% (o) AT =
O% 6 XRFE S8 2 o328 HuZEnY
4 2 B

() OPC 3t %% ZERgdA & 228 ved UE, 429 o FaAe Fee 5%
Hete A9 giden ZAEE o RIS =Y, AFA FHL HME #HE Aole A
A

(2) OPC 73tAlel 49 Edo sgA A olFHurt EAHILH, o]RALS XRDEAHE F3A

= U F AUS. XRFEHE T3l OPC B5A| 9 CaOFe] &2l £ A va) o
& gEe ¢ T ANE

(3) A48 ETLAE NET 4P S FAMNE OPCE v EFAZ dATo2AN FAE&dd g &

31 - 98y 1130“*01 gade, 531, 9@ cdag A8 &2y sda FAY F¥ot vt
& SA4S veEhAH

gnes
L 297, &34, WS, ‘929 7t 2 FAPEel ME A1 A 547, dRaads
3 stestedEs =83, Vol 1, No. 5 pp.27-32, 2002.

2. L Fattuhl, P. Hughes, "Ordinary portland cement mixes with selected admixtures subjected to
sulfuric acid attack”, ACI materials Journal, 11-12 1988, 481-488.

3. A. Brough, A. Atkinson, "Sodium silicate-based, alkali~activated slag mortars: Part I. Strength,
hydration and microstructure”, Cem. Concr. Res. 32(2002), 865-879.

4. F. Puertas, "Alkali-activated fly ash/slag cement Strength behavior and hydration products”,
Cem. Concr. Res. 30(2000), 1625~1632.

5. ASTM C 1012 "Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution”
1995.

20039 7+e steurws =84 317



