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ABSTRACT:

Three types of replacement materials were used in manufacturing
of some blended cements. The characterization, durability and resistance
of these prepared blended cements against sulfate aggressive media were
studied. The replacement materials used in this study are metakaolin,
sandy clay and limestone. Blended cement mortars were prepared with
15, 20, and 25% mineral admixtures replacement instead of the same
percent of cement. The specimens were immersed in 5% magnesium
sulfate and 5% ammonium sulfate solutions then compared with the
samples dipped in distilled water as reference samples for 90 days curing.
The compressive strength and expansion of cement mortars were
investigated at different time intervals.

The result revealed that metakaolin can be used for resisting sulfate
attack without any disadvantages in physical properties of cement. Sandy
clay show good results against sulfate attack but causes side effect on
physical properties of cement due to its high insoluble residue. However,
limestone as mineral admixture not failed to resist o sulfate attack.

1. INTRODUCTION:

The degradation of cementitious materials by external sulfate attack
is one of the most frequently cited causes of service life reduction of
concrete structures. The importance of sulfate attack is attested by the
multitude of experimental and theoretical studies on its origin and
manifestations that have been published just in the last decade [1-6]. The
formation of ettringite [7-9] and sometimes gypsum [10] are usually
thought to be responsible for significant volumetric expansion and
structural damage during sulfate attack.

The present work studied the effect of some replacement material
on resistance of sulfate attack and its effect on physical properties of
cement

2. EXPERIMENTAL
Blended Portland cements were prepared by mixing CEM | 42.5 N
with 15, 20, and 25% of metakaolin, sandy clay and limestone as
replacement materials.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692181/#R1
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The effect of these replacement materials on the water of
consistency and setting times of the cement was carried out according to
EN196-3:2016(11).

The cement was mixed with sand for preparing mortar samples
with the ratio of 1:2, respectively with w/c ratio of 0.46. The Mixing
process was performed in compliance to ASTM C 305-20(12). The
mortar pastes were molded in 1x1x11.25 inches cm stainless steel molds
with test method ASTM C 157 (13) and ASTM C 490 (14), stored 24 h
in humidity chamber, demolded then cured in 5% MgSQ4, 5% (NH,),
SO, solutions as well as distilled water as reference up to 3 months .The
effect of the additives was performed by adding 15, 20, and 25% by
weight replacement material to Portland cement then proceeding as
described.

The compressive strength of the hardened mortar samples were
measured up to 90 days curing according to B.S. EN 196-1:2016(15).

3. RESULTS:

3.1 Characterization of cements
Table 1 illustrates the oxide percentages of CEM 1 425 N,
metakaolin cements (K), sandy clay cement(S) and limestone cement (L).

Table (1): Oxide composition of CEM | 42.5N (m. %)

SAMPLE | SiO2 | Al203 | Fe203 | CaO | MgO | K20 | Na20 | SO3 Cl L.O.l IR
OPC 19.8 4.74 357 | 62.79 | 2.07 | 0.216 | 0.299 | 2.87 | 0.038 | 3.24 | 0.72
L1 1798 | 421 3.12 | 6358 | 2.05 | 0.204 | 0.261 | 2.69 | 0.037 | 10.28 | 1.12
L2 1756 | 4.12 3.03 | 6404 | 205 | 0.192 | 0.262 | 259 | 0.038 | 11.54 | 1.14
L3 16.77 | 3.89 2.9 64.44 | 2.07 | 0.185 | 0.249 | 2.72 | 0.04 | 13.08 1.6
Sl 26.74 | 5.04 379 | 5485 | 189 | 0.27 0.29 | 245 | 0.026 | 4.09 8.2
S2 29.09 | 5.08 3.86 | 52.16 | 1.85 | 0.286 | 0.29 25 1 0.029 | 3.93 115
S3 31.16 | 5.15 398 | 4986 | 1.81 | 0282 | 0294 | 24 | 0.026 | 3.62 | 16.21
K1 23.87 | 7.44 496 | 54.07 | 1.92 | 0.279 | 0.296 | 2.55 | 0.024 | 4.32 4.2
K2 24.17 | 7.69 5.08 533 | 191 | 0.27 | 0.295 | 253 | 0.025 | 3.99 74
K3 25.86 | 8.93 5.81 49.7 | 1.83 | 031 | 0.299 | 2.35 | 0.022 | 3.87 10.5

Samples legend: OPC (Ordinary Portland cement), L (limestone
cements, L1, L2 & L3 are 15, 20 & 25% limestone replacement,
respectively) . S (Calcined sandy clay cements S1, S2 &S3 are 15, 20 &,
25% replacement, respectively). K (Calcined kaolin clay cements K1, K2
& K3 are 15, 20 &25% replacement, respectively).

3.2 Water of consistency and setting time

Table2 exhibits the effect of replacement materials on the water of
consistency and setting time of Portland cement. The results indicate a
clear increase in the water of consistency due to the increase in surface
area of cements with the increase of replacement materials. There is a
retardation of the cements set with the increase of the replacement
material percentage due to the increase of aluminate phases especially
kaolin blended cements materials.
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Table (2): Effect of replacement materials on water of consistency
and setting time of Portland cement and blended cement

pastes
cements Consistency 1.S. F.S.
OPC 28 140 min 185 min
SRC 27.75 135 min 180 min
L1 28.5 155 min 210 min
L2 28.25 150 min 210 min
L3 28.5 150 min 215 min
S1 30.2 161 min 225 min
S2 30.5 169 min 238 min
S3 31 174 min 247 min
K1 29.5 160 min 220 min
K2 29.8 168 min 227 min
K3 30 172 min 240 min

3.3 Expansion

The expansion results of OPC and blended cements immersed in

(@) 5%MgSO,4 (b) 5 % ( NH4),SO, solution (C) distillated water are
showed in figure 1. The results indicate that expansion of meta kaolin
cements (K1,K2,K3) as well as calcined sandy clay cements (S1,5S2,S3)
decreased while increases with limestone cements (L1,L2,L3) specially
with 30% replacement for 90 days curing. Ammonium sulfate salt is
more harmful than magnesium sulfate solution.
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Figure 1 (a) Expansion of cements immersed in 5%MgSO4
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Figure 1 (b) Expansion of cements immersed in 5 %( NH4),SO,4solution.
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Figure 1 (c) Expansion of cements immersed in distillated water
3.4 Compressive Strength

The compressive strength of blended cements cured in distillated water,
5%MgSO, and 5 %( NH4),SO,4 solutions for 2, 7, 28, 90 days are shown in
figure 2 (a, b &c). There is a clear reduction in compressive strength of k3
sample (30%) kaolin. This is may be due to the reduction of CSH phase.
However, the results of K1 and K2 are agree with the specification B.S. EN
196-1:2016(15). Also reduction of compressive strength with increasing
limestone content is due to reduction of the amount of hydraulic phases
especially CSH phase. However, compressive strength with calcined sandy
clay decreases because of high insoluble residue. 20% kaolin replacement
shows the maximum value of compressive strength due to formation of
additional hydrated phases resulted from pozzolanic reaction of kaolin.
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Figure 2 (a) Compressive strength of cements immersed in 5%MgSQO4
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Figure 2 (b) Compressive strength of cements immersed in 5%(NH,),SO,4solution
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Figure 2 (c) Compressive strength of cements immersed in distilled wate
X ray diffraction

The X-ray diffraction patterns of Portland cement mortars mixed with
15% metakaolin cured in distilled water,5% magnesium sulfate solution and
5% ammonium sulfate solution for 3 months are represented in figure 3
(a,b&c), respectively. The figures show that the presence of Ca(OH), ,
quartz and traces of gypsum in samples treated with sulphate solutions.
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Figure 3 (a) Portland cement mortars mixed with 15% metakaolin cured
in distilled water for 3 months
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Figure 3 (b) Portland cement mortars mixed with 15% metakaolin cured
in 5% magnesium sulfate solution for 3 months
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Figure 3 (C) Portland cement mortars mixed with 15% metakaolin cured
in 5% ammonium sulfate solution for 3 months

4. DISCUSSION:
4.1 The delayed ettringite formation (DEF)

The delayed ettringite formation has a harmful effect on the
hydrated cement systems, depending on its large volume. This large
phase causes cracking and damage of hydrated cements or collapsing of
concretes. Sulfate attack may internal or external from outside as sea
water or sewage and ground water. The process takes place in the core of
the cement or concrete causing expansion. This phase appears after 6
months curing, so this phase does not appear in x ray diffraction analysis.
4.2 Resistance of the sulfate attack.

The use of limestone as mineral admixture does not improve sulfate
attack resistance because of excess amount of CaO and consequently free
lime. On the other hand, metakaolin and sandy clay can resist sulfate
attack due to its ability to form additional CSH phases during the
hydration process. These precipitated phases decrease the porosity
through filling up the space. Hence minimize the ettringite phase
formation which need large space to be settled.

5. CONCLUSIONS

The resistance of sulfate attack of cementing materials can be taken
by using replacement material suitable for this process. Metakaolin can
be safely added to Portland cement to resist sulfate attack. On the other
hand, sandy clay can resist attack successfully but with side effect on the
physical properties of cement. Limestone as replacement material cannot
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be used to resist sulfate attack. Finally, 20% metakaolin replacement for
42.5 1 cement can be used as mineral admixture for preparing blended
cements used as resisting sulphate attack cements.

REFERENCE:

1. Santhanam, M. ; M.D. Cohen and J. Olek (2003): Effects of
gypsum formation on the performance of cement mortars during
external sulfate attack. Cem. Concr. Res.; 33: 325-332.

2. lrassar, E.F. ; V.L. Bonavetti and M. Gonzalez (2003):
Microstructural study of sulfate attack on ordinary and
limestone portland cements at ambient temperature. Cem.
Concr. Res.; 33:31-41.

3. Tixier, R. and B. Mobasher (2003): Modeling of damage in cement-
based materials subjected to external sulfate attack. I:
Formulation. J. Mater. Civ. Eng.;15(4):305-313.

4. Schmidt, T. ; B. Lothenbach ; M. Romer ; J. Neuenschwander and
K.L. Scrivener (2009):Physical and microstructural aspects of
sulfate attack on ordinary and limestone blended Portland
cements. Cem. Concr. Res.;39: 1111-1121.

5. Sarkar, S.L. ; S. Mahadevan ; J.C.L. Meeussen ; H. van der Sloot
and D.S. Kosson (2010): Numerical simulation of cementitious
materials degradation under external sulfate attack. Cem. Concr.
Composites., 32: 241-252.

6. Oliveira, I. ; S.H.P. Cavalaro and A. Aguado (2013):New kinetic
model to quantify internal sulfate attack in concrete. Cem.
Concr. Res. 2013;43:95-104.

7. Brown, P.W. and H.F.W. Taylor (1999): The role of ettringite in
external sulfate attack. In: Marchand J, Skalny JP,
editors. Materials Science of Concrete: Sulfate Attack
Mechanisms. American Ceramic Society; Westerville, OH:. pp.
73-98.

8. Clifton, J.R. and J.M. Pommersheim (1994):Sulfate attack of
cementitious materials: VVolumetric relations and expansions, NIST
Interagency Report 5390. National Institute of Standards and
Technology; Gaithersburg, MD: Apr, 1994. [July 23, 2015]. Available
at http://fire.nist.gov/bfrlpubs/build94/PDF/b94040.pdf. [Google Scholar]

9. Gollop, R.S. and H.F.W. Taylor (1992): Microstructural and
microanalytical studies of sulfate attack I. ordinary portland
cement paste. Cem. Concr. Res.;22:1027-1038



http://fire.nist.gov/bfrlpubs/build94/PDF/b94040.pdf
https://scholar.google.com/scholar_lookup?title=Sulfate+attack+of+cementitious+materials:+Volumetric+relations+and+expansions,+NIST+Interagency+Report+5390&author=JR+Clifton&author=JM+Pommersheim&publication_year=1994&

8 Egypt J. of Appl. Sci., 36 (1) 2021

10. Tian, B. and M.D. Cohen (2000): Does gypsum formation during
sulfate attack on concrete lead to expansion? Cem. Concr.
Res.;30:117-123.

11.EN196-3(2016). Method of testing cement-part3: determination of
setting times and soundness.

12. ASTM C305-20. Standard practice for mechanical mixing of
hydraulic cement pastes and mortars of plastic consistency

13. ASTM C 157/C157M-17:(2017): Standard test method for length
change of hardened hydraulic-cement mortar and concrete.

14. ASTM C 490/C490M-17:(2017): Standard test method for use of
apparatus for the determination of length change of hardened
cement past, mortar, and concrete.

15. 135EN196-1:2016. Methods of testing cement. determination of
strength

At il (e daduaal) Anglial) ciliiand) Gan palsih o clude
A S Byl (A dallaag dalaa

P omn e 2 Gule g ! pldie Gl ae il ¢ (33 dena

el Lyl 46,80 =3 ell) 5 GV Cismy 3K5e —2 Olsla deals caslell LS - ]

Ghladl L sagmsdl dals clipgll Al Jelis daalgd Al amy (g
b s 220 sy o Cuni Y b aie Ly Je ) s auall Capall Sl 5l ddalid
- 2O 038 dealge Aaslial Ayl dlady Ay Uled A B )5 50 ae Ailunjdl)

Uil 5 aaliaall Jie Citandl Ay dgey alal) aD)oll Cie) LA 5
Jie iyl #3) 8 agindlae iy %255 20 (15 oy 385 e 4gley Alilay L 5\Slise
- el A Baal g 0¥ ljaS %025 520 15 #aly a ganie Ll S ~ Dl

) S gally Adaglial) liand Aglal (atladd) e ~SlY) oda il dulp
el 8 Aadleally Ly gl duacall JenS g s 0l (Jia

Clialsall gy ol (Ja al Cus a8 LdslStaally Taglaall cuan) o) ikl
LI il b4 ol baraall Jead 58 iy i€l A am aglie oS dauldl
dany o) (805 Gpuldll lialsall et VLl glS L) pe %25 520 <15 Ay CriansY)
a3 zsmadll s Cyglas %25

Clip€l) ~OY  am aslie Agpaadl el Alilally Jagliall i) () ang Liads
A o it L ey A <l Larall Jest 348 (Sl 52 cilS aaall il oY
CAED el alsall e ddle

A sl Y s aglie 5 Y Al ang gl jaally bglad) i) Lay
 Adgas clS Jaall Jasill 3685 204l b Alle il (i



