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Abstract: The effect of limestone powder and fly ash on magnesium sulfate resistance of

mortar was studied by testing on the strength, expansion and hydration products of the specimens

stored in MgSO, solution at certain periods. The experimental results show that the strength of mortar

stored in MgSO, solution increases a little before 28 d, but decreases fast subsequently. The more the

contents of limestone powder and fly ash, the less the strength losses. Mortar swells in the MgSO,

solution with the soaking time. And the more the contents of limestone powder and fly ash, the less the

expansion rate is. The expansion or strength loss of mortars results from the expansion of gypsum, as

well as the loss of Ca(OH), and other hydration products of cement. The magnesium sulfate resistance

of the mortars containing limestone powder and fly ash is high.
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1 Introduction

High-performance concrete (HPC) mixtures contain
a large volume of cement and low w/cm ratio; in addition,
high workability can be achieved by using superplasti-
cizer. In these mixtures, there is not available space to
locate the hydration compounds and, as a result, a large
volume of cement remains unhydrated, causing an irrational
use of resources and energy in concrete production!'’.

Modern cements often incorporate several mineral
admixtures, one of which is limestone powder'™. Cement
plants are being built on or close to the limestone quarries,
so the practice of limestone grinding with clinker is ob-
viously cheap. Limestone dust, which is produced in
quarrying operations, possesses disposal and environ-

BI There is current interest, however, in

mental problems
the use of limestone powder as an addition to Portland ce-
ment.

The use of portland cement containing limestone
powder is a common practice in Europe. European
standard EN 197 identifies two types of Portland lime-

stone cements (PLC): Type II/A-L containing 6%-20%
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and Type 1I/B-L containing 21%-35% “. The use of
limestone powder can improve properties of concrete,
decrease the costs and reduce the CO, and NO, emissions
during cement manufacture °7),

Considerable researches have been carried out
within the last 20 years on the use of limestone powder in
ordinary concrete, however, many problems still remain,
especially the durability of the concrete containing lime-
stone powder. Some researchers concluded that limestone
powder could increase the sulfate resistance of cement,
but there are still other researchers hold the opposite

views!

131 1t can be pointed out that the courses of sulfate
attack are quite different depending on whether magne-
sium solution or sodium solution is used. In this paper,
the magnesium sulfate attacks on mortars containing

limestone powder and fly ash were studied.
2 Experimental

2.1 Raw materials

The mixtures used were prepared with ordinary
portland cement PO 42.5 (the
GB175-2007). Limestone powder, produced from car-
boniferous limestone with a very high purity (95% of
CaCOj; content), was added as filler, and its chemical

Chinese standard

composition is shown in Table 1. The shape of the lime-
stone powder particles is shown in Fig.1, which indicates
that the limestone powder particles are fine and the
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Table 1 Chemical compositions of limestone powder/%
SlOz A1203 F6203 CaO MgO T102 SO3 Kzo NazO LI
2.50 0.60 0.36 54.03 0.54 0.05 0.01 0.10 0.08 41.59

dominant particle size of which is below 5 pm. The
particle size distributions of portland cement, limestone
powder and fly ash measured by laser diffraction are
shown in Fig.2. Obviously, the particle size of limestone
powder is smaller than those of portland cement and fly
ash.

Fig.1 Shape of limestone powder particles
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Fig.2 Particle size distributions of cement,
limestone powder and fly ash
2.2 Mix Proportions

Mortar specimens (40 mm X 40 mm X 160 mm)
were cast according to the Chinese standard GB/T
17671-1999. The mix proportions and properties of five
kinds of mortars containing limestone powder or fly ash
are shown in Table 2. After 24 h in a moist cabinet, they
were removed from the mold and cured in water till 28 d.
And then the mortars were stored in plastic tank con-

taining MgSQy solution, in which the mass concentration
was 2% in the next 90 d. The strength development, ex-
pansion change, XRD analysis and the mechanism of
magnesium sulfate resistance on mortar containing
limestone powder were studied, respectively.

Table 2 Mix proportions and properties of mortar

Mixture LP-0 LP-30 LP-50 LF-30 LF-0
Cement/g 450 315 225 225 225
Limestone 0 135 225 135 0
powder/g
Fly ash/g 0 0 0 90 225
Sand/g 1350 1350 1350 1350 1350
Water/g 225 225 225 225 225
Fluidity/mm 161 183 193 186 173
Compressive
536 404 21.0 27.0 239
strength(28 d)/MPa
Flexural strength ¢ o5 556 558 613 5.5

(28 d)/MPa

3 Results and Discussion

3.1 Strength

Many white dissolving-out substances can be found
at the surface of the specimens stored in MgSOy solution
at 90d, which means that the specimens are deteriorated
by magnesium sulfate attack. The compressive strength
and flexural strength of the samples stored in MgSO,
solution at 7 d, 28 d, 56 d and 90 d are shown in Table 3,
which indicates that the compressive strength and flex-
ural strength of the specimens increase a little before 28 d,
but decrease fast subsequently.
3.2 Expansion

The expansion rates of the samples stored in MgSO,
solution until 13 weeks are shown in Fig.3. The samples
swell in the MgSQO, solution with the development of
soaking time. The expansion rate of LP-O sample is the
maximum and that of LP-50 sample is the minimum, which
shows that the mortars containing limestone powder and fly
ash have higher magnesium sulfate resistance.

Table 3 Influence of magnesium sulfate attack on strength of mortars

Compressive strength/MPa

Flexural strength/MPa

Specimen
0d 7d 28 d 56d 90 d 0d 7d 28 d 56d 90 d
LP-0 53.6 55.0 55.9 49.7 44.5 8.65 8.19 8.86 8.32 8.01
LP-30 40.4 41.6 42.1 40.8 389 7.58 7.93 7.34 7.18 6.55
LP-50 21.0 20.6 232 21.2 19.8 5.58 6.07 5.35 5.49 5.23
LF-30 27.0 28.8 29.1 28.0 27.4 6.13 6.76 6.16 5.74 5.51
LF-0 23.9 25.3 24.8 22.9 20.8 5.95 6.42 6.22 5.27 498
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Fig.3 Influence of magnesium sulfate attack

on expansion rate of mortars

3.3 XRD analysis

XRD measurements were implemented on a Philips
X’Pert diffractometer equipped with a graphite mono-
chromator using Cu K aradiation and operating at 40 kV
and 20 mA. Step scanning was performed with a scan
speed of 2°/min and sampling interval of 0.02°/2 6. XRD
was used to identify the hydrates in the cement paste
containing limestone powder. The mixture proportions of
the three paste specimens are shown in Table 4. The
specimens (10 mmX10 mm X 10 mm) were cured in
water before 28 d and then stored in plastic tank con-
taining MgSO, solution with 2% of mass concentration in
the next 90 d. XRD analysis was carried out at 28 d and
90 d.

Table 4 Mix proportions of paste

Mixture LP-0 LP-50 LF-0

Cement/g 200 100 100
Limestone powder/g 0 100 0

Fly ash/g 0 0 100
Water/g 80 80 80

Fig.4 shows the results of XRD analysis of hydra-
tion products of pastes stored in MgSOy solution at 28 d
and 90 d. Figs.4a, 4b, 4c show the hydrates of LP-O,
LP-50 and LF-0 respectively, which indicates that
Ca(OH), is the main hydration product. And there is a
gypsum peak, which is caused by sulfate attack.
3.4 Mechanism analysis

It is known that the degradation of concrete, which
is a result of the chemical reactions between hydrated
portland cement and sulfate ions from the outside, exists
two forms that are different from each other distinctly.

CH
Gypsum CH CaCoO,
cS Gypsum
l > CH
i CH CH
0d

.
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20°,CuK a

(a) LP-0

10 15 20 25 30 35 40 45 50 55
20°,CuK a

(b) LP-50
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Which one of the deterioration processes is predominant
in a given case depends on the concentration and source
of sulfate ions (i e, the associated cation) in the contact
water and the composition of the cement paste in con-
crete.

Sulfate attack can manifest in the form of expansion
of concrete. When concrete cracks, its permeability in-
creases and the aggressive water penetrates more easily
into the interior, thus accelerating the process of dete-
rioration. Sometimes, the expansion of concrete causes
serious structural problems such as the displacement of
building walls due to horizontal thrust by an expanding
slab. Sulfate attack can also take the form of progressive
loss of strength and mass due to deterioration in the co-
hesiveness of the cement hydration products.

Gypsum formation as a result of cation-exchange
reactions is also capable of causing expansion. However,
it has been observed that the deterioration of hardened
Portland cement paste is caused by gypsum formation,
and ,the reduction of stiffness and strength is occurred in
the formation process, meanwhile, the expansion and
cracking are occurred, and the eventual transformation of
the material is mushy or noncohesive mass.

Depending on the cation type presented in the sul-
fate solution (i e, Na" or Mg*"), both calcium hydroxide
and the C-S-H of portland cement paste may be converted
to gypsum by sulfate attack: when it is magnesium sulfate
attack, the conversion of calcium hydroxide to gypsum is
accompanied by formation of the relatively insoluble and
poorly alkaline magnesium hydroxide; thus the stability
of the C-S-H in the system is reduced and it is also at-
tacked by the sulfate solution. The magnesium sulfate
attack is, therefore, more severe on concrete.

MgSO,+Ca(OH), +2H,0—CaS0; - 2H,0+Mg(OH), (1)
3MgS0,+3Ca0 - 2Si0, - 3H,0-+8H,0—
3 (CaSO; - 2H,0)+3Mg(OH),+2Si0, - H,O )

The hydrated portland cement reacts with magne-
sium sulfate and forms gypsum and Mg(OH),, which
leads to the expansion of the specimens, and as shown in
Fig.4, the specimens expand with soaking time in MgSO,
solution. At the early age (before 28 d), the expansion
products fill the voids in the mortars and increase the
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Fig.4 XRD analysis about hydration products of pastes stored in MgSO, solution at 28 d and 90 d
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mortar strength; at the later age (after 28 d), the expan-
sion of mortar destroys the microstructure and causes a
progressive loss of strength and mass, as shown in Table
2. Gypsum is found in three figures of Fig.4, which is the
expansion source. The Ca(OH), peaks at 28 d are lower
than those at 90 d, which indicates that the amount of
Ca(OH), decreases and Ca(OH), lapses from the pastes
into MgSO, solution. The expansion of gypsum and the
loss of Ca(OH),, as well as the formation of other prod-
ucts of cement, will lead to expansion and decrease of the
mortar’s strength. The more the content of limestone
powder is, the less the expansion and the strength loss is.
When limestone powder replaces some cement, the hy-
dration products, i.e. gypsum and Ca(OH),, decrease, and
then the expansion of gypsum and the loss of Ca(OH),
and other hydration products of cement decrease subse-
quently. Therefore, the expansion and the strength lose
decrease, and the magnesium sulfate resistance of the
mortar improves.

4 Conelusions

a) The compressive strength and flexural strength of
mortar stored in MgSQO, solution increase a little before
28 d, but decrease fast subsequently. The more the con-
tent of limestone powder and fly ash is, the less the
strength loss is.

b) Mortar swells in the MgSO, solution with the
development of soaking time. The more the content of
limestone powder and fly ash is, the less the expansion
rate is.

¢) Mechanism analysis shows that the expansion or
strength loss of mortars results from expansion of gyp-
sum, as well as the loss of Ca(OH), and other products of
cement. The magnesium sulfate resistance of the mortars
containing limestone powder and fly ash is high.

References

[1] RAO Meijuan, LIU Shuhua, FANG Kunhe. Influence of
Admixtures on Strength of Ultra-high Performance Ce-
ment-based Composites[J]. Architecture Technology, 2009,
40(7): 633-635

[2] LIU Shuhua, YAN Peiyu. Summarization of Utilization and

Researches on Stone Powder Used as Mineral Admixtures in

(3]

(4]

(3]

(6]

(7]

(8]

[11]

[12]

[13]

(14]

[15]

703

Roller Compacted Concrete[J]. Waterpower, 2007, 33(1):
69-71

RAO Meijuan, LIU Shuhua, FANG Kunhe. Review of Ap-
plied Research on Limestone Powder in Hydraulic Con-
crete[J]. Yangtze River, 2009, 40(20): 41-43

IRASSAR E F, BONAVETTI V L and GONZALEZ M.
Microstructural Study of Sulfate Attack on Ordinary and
Limestone Portland Cements at Ambient Temperature[J].
Cem. Concr. Res., 2003, 33(1): 31-41

SCHMIDT M. Cement with Interground Materials— capa-
bilities and Environmental Relief, Part 1[J]. Zement-Kalk-
Gips, 1992, 45(4): 87-92

BARON J, DOURVE C. Technical and Economical Aspects
of the Use of Limestone Filler Additions in Cement[J].
World Cem., 1987, 18(4): 100-104

BONAVETTIET V. Limestone Filler Cement in Low w/c
Concrete: A Rational Use of Energy[J]. Cem. Concr. Res.,
2003, 33(5): 865-871

TORRES S M, SHARP JH, SWAMY RN, et al. Long Term
Durability of Portland- limestone Cement Mortars Exposed
to Magnesium Sulfate Attack[J]. Cem. Concr. Res., 2006,
36(7): 865-871

TORRES S M, LYNSDALE C J, SHARP J H, et al. Micro-
strucure of 5-year-old Mortars Containing Limestone Filler
Damaged by Thaumasite[J]. Cem. Concr. Res., 2006, 36(3):
384-394

LIU Shuhua, FANG Kunhe. Influence of Limestone Powder
and Fly Ash on the Properties of Mortar under Dry Condi-
tion[J]. Water Power, 2009, 35(6): 41-43

SOROKA I, STEM N. The Eftect of Fillers on Strength of
Cement Mortars[J]. Cem. Concr. Res., 1977, 7(4): 449-456
GUO Y X, GONG J X, LI J. Influence of Mass Fractions of
Limestone Powder on Mechanical Property and Durability of
Concrete[J]. Journal of Building Materials, 2009, 12(3):
266-271

HEIRMAN G, VANDEWALLE L, GEMERT D V, ef al.
Time-dependent Deformations of Limestone Powder Type
Self-compacting Concrete[J]. Engineering Structures, 2008,
30(10): 2945-2956

SPRUNG S, SIEBEL E. Assessment of the Suitability of
Limestone for Producing Portland Limestone Cement
(PKZ)[J]. Zem. Kalk Gips, 1991, 44(1): 1-11

LIU Shuhua. Influence of Limestone Powder on Hydration
Characteristics of Complex Binder[R]. Tsinghua University,
Beijing, 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


