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Abstract
Tricalcium aluminate (€A) is the most reactive phagePortland clinker In the study ofthe GA
hydration processhe use of synthetic samplssoften preferreadver clinker-sourcedsamplesiue
to the absence of traces of other edesin syntheticCzA. However, he eproduwction of results
from synthetic samplessingclinker-sourcedCsA samples ishallengng dueto the difficulty of
complete extraction of aluminate phaBesn clinkerwithout damaing their structure Salicylic and
maleic acid/methanol solutions were ugethe pasto isolateCzA, butcomplete extractiohas not
been observed hus it was necessatp modify the selective dissolution methdbssiblgrocesses
weretestedwith white and ordinary portlandinkers A modified process with maleic acid/methanol
solution was developedand the samples were analyed by X-ray diffraction ¥RD),
thermogravimetric analysi§ GA) and Raman spectroscompmpared with synthetics8& samples.
Themodified selective dissolution procesth maleic acid/methanol solution proposed in this work
was effective in ehievingcompletesolationof aluminatebased phaseandcanbe used fofurther
studiesof the hydration processf clinker-sourced GA samples to improve thenderstanding and

quality of Portland cement clinkers.
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32 Keywords: selective dissolution; cubic tricalcium aluminate; orthorhombic ltilgan aluminate;
33  clinker Portland; Xray diffraction; Ramaispectroscopy
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Introduction

Portlandcement clinkeris a multiphase materialvhere eactof the mineralcomponents
reacts simultaneouslyut at verydifferent rate duringits hydration to form a hardened
cement paste Among the four major mineralphases in Portland cemerntjcalcium
aluminate CaAl>0Os or C3A in abbreviated cement chemistry nomenclgtisethe most
reactive The reactiorof this phasevith water isvery rapid, releasing large amounts of heat
(~1260 J/g) (Bullard et al. 2011), and causing undesirable flash setting of cemenisif this
not moderated through the addition of a retarding agent such as calciune. Stifat
reactions involvingCzA areresponsible for much dhe initial stiffening and solidification

of Portland cemen(Bullard et al. 2011) .

The theoretical crystalline structure of/Cis cubic with a lattice constant of 15.263 A, built
up of hollow rings of six cornesharing AlQ tetrahedra, held together by #ns(Odler
1998; Taylor 1997Takeuchi et al1980).The presence of minor elementsainly Na™ and
K*) in the clinkerzation processcan modify the structure of 38 from cubic to
orthorhombi¢ as these cationsubstitué for Ca&#*. The athorhombic GA structure is
generallydoped with NaO at a concentratiorbetween 4.6 to 5.7 wt.%NéxxCas-xAl 20g)
(Odler 1998; Ostrowski and Zelazny 2004; Y. and F.M. 1980). The content of minor
elementsin the cement kilnderived from raw materials and fuels, crucial for this
modification Different clinkers can have their aluminate phase comstitinfluenced by
the use oflifferent fues (oil, coal, petroleum coke, among othegsgnwith the same raw

materials producing orthorhombic €2 phases doped with Na and/or K (Gobbo et al. 2004)

Previous reporteaveshown that the hydratigerocesses of cubic:& andalkali-doped GA
proceed inmarkedly different ways(Boikova et al. 1977; Juenger and Jennings 2001;
Kirchheim et al. 209, 2011; Stephan and Wistuba 2006; Wistuba et al. 280R)e studies
havereported a higher reactivity for orthorhombic than cukig @ theabsence of stdte
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(Glasserand Marinho 1984; Pauri and Collepardi 198While others foundexactly the

opposite(Boikova et al. 1977; Kirchheim et al. 2009, 2011; Myers et al. 2017; Rheinheimer

et al. 2016; Stephan and Wistuba 2006).

This contradiction islsoobserved ithepresence of calcium gake sourcg butit is notable
that the studies that reported a higher reactdatynghydration for cubi¢han orthorhombic
CsA usedsamplesvhose compositiofand thus reaction) may have beefiuenced bythe
presence obther phases (Mortureux et al. 1980). Thisr¢hereforeidentified a strong
influencefrom usingclinker-sourced aluminagerather tharpureisolated aluminate phases
(Odler and Wonneman 1983; Samet and Sarkar 13idlies with pure synthetic 8
samples showed a higher reactivdl orthorhombic Nedoped GA in the presence of
gypsum(Kirchheim et al. 2011; Myers et al. 2017; Stephan and Wistuba .2866)ever,
the use of laboratorgyntheszed phases rather than materials processed in a chatien
process may introduce deviations from the “real” behaviour of the aluminate phtsas wi
Portland cementas additional substitutionsuych ag-e) can be introduced in the industrial
process, and the patrticle size distributions of the synthetic and industdakps are often
very different.The hydration of @A-gypsum systemis strongly affected by the presence
of other soluble clinker phases, such as aligS{CThe dissolution of €A is increasedn
the presence of alitasthe sulfateons are partially absorbed by theSEH derived fom
alite hydrationand then desorbed to form ettringite. Therefore,réte offormation d

monosulfatas also reduced (Quennoz and Scrivener 2013).

In this sensethe applcation of aselective dissolutioprocesso extract and isolate &

from the othecrlinker phasesould be an opportunity tesolveimportant operguestions.
If successful, selective dissolution could enable the isolation of the indusmiatiyced
CsA from amongthe multiphase clinker, meaning that this can be amalydirectly and

without interference from the other clinker constituents.
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Since the firstapplication of selective dissolution t®ortland cement in the 19%W0ith
Takashima’s experiments developthe extractiorprotocol usinganorganic aciedmethanol
solution (Gutteridge 1979; Odler 1998; Puligilla and Mondal 201&¥ious studietave
focused on €A extraction This procedurés challengingconsidering théow content(<10
wt.%) of C3A within the clinker,as well as its higheactiuty. Therefore the extractionof

CsA from the silicate and ferriteonstituents of the clinker is not straightforwagditteridge
(1979) assessed the effectiveness of a dissolution processes based on salitydicdaci
methanolwhile Cabreraand Plowmar{1988)extracted the calcium aluminate phases using

a method based on maleic acid and methanol.

Cabrera and Plowmaf1988) showedthat when ughg maleic acid/methanol solutioto

extract interstitial phasd€sA andtetracalciumaluminoferrite CaAlFeOs or abbreviated
C4AF)) from Portland clinkersa low molecular weight calcium silicatemplexformed a
protective layer around GA grains preventingfurther hydration. This layer could be
removedby applying athermal treatmendt 800 °C to the extracteshmpleto ensure the

reactivity of the aluminate phases.

In addition, the studies performed Butteridge(1979)and Cabrera and Plowmai988)
showed that thedegree ofdissdution of tricalcium silicate &lite; CaSiOs or abbreviated
CsS)was higher thathat of dicalcium silicatebelite CaSiOs or abbreviated £5), andthat
a longerreactiontime was required for complete dissolution of bsilicate phasesThe
maleic acid/methanol solutioneededl15 minutesto complete the reactiprwhile the

salicylic acid/methanol solutiomeeded hours.

The effectiveness @f selective dissolution processist be assuretlit is to give meaningful
results: it is essentigthat this process @snot modifythe GA crystal structure or reactivity
besidethe difficulty of the extraction of interstitial phaskeyg dissolving the mairsilicate
phases alite and belite. Christensen e{28104) usedselective dissolution oflinkers to

5



110  extract aluminate phasesbtaining in their dissolution residueshigh content of these
111 phasesf7.7% cubic GA, 0.1% orthorhombic ¢A and 2.2% GAF). However, the calcium
112 silicate phasesl0.4% alite, 10.6% bd#) were still presentGobbo et al.(2004) ugd

113  aluminate phase extraction usisglicylic acidorganic acid solutia®in order to quantify

114  theinterstitial phase, buinly white (CsAF-free) Portland cement clinkersereused

115 It is evident that furtheimprovements irthe selective dissolution protocoésenecessary
116  for complete extraction of each phdsem Portland cement clinker. Thus, the complete
117  extraction of aluminate phasiem any Portland cement clinkeright be an opportunity to
118 fill the gaps intheunderstanding o€3A reactivity using industriallysynthesied phasem

119 theabsence and presence of calciunfisgalsourcsg, clarifying therelevance and findings of

120  previous work with synthetic samples.

121 This paperfocusson the use o$elective dissolution to isolatalcium aluminate phases
122 from Portland cement clinkers using maleic acid/methanol solutind salicylic
123 acid/methanol soluti®) to quantify the effectiveness of thesgethodsand determinghe
124  structural features of the phasedracted Complementaryo this the extracted aluminate
125 phases wereomparedo synthetic sampleby Ramanspectroscopyand X-ray diffraction

126  (XRD) analysis

127

128  Experimental Program

129 Materials

130  This study was conductecsing ordinary Portlandlinker (OPQ and vhite Portlandclinker
131 (WPQC), both commercially produced in Brazilh@chemical compositionf each clinker as

132 measured by Philips PW2440 Xray fluorescence spectrometershownin Table 1 The

133 clinker pellets were mechanically groutoa 3 hours using a ball mjlandtheir particle size
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distribution dataare show in Fgure 1 Particle size distributions were measured in a
Malvern Mastersizer 3000 PSAhe lower sizéimit of this equipment was 40 nm, and the

Mie approximation was applied in the analysis of the granulometry data.

Cubic (pure) and orthorhombic(Na-doped) GA were supplied byMineral Research
Processing Cidvleyzieu(Francg. XRD and Rietveldanalysisvere used to verify the phase
compositionsand determinedhat thecubic GA (Inorganic Crystal Structure Database,
ICSD, code 94742yvas99 wt.% puravith GOF (goodness of fit) of 2.&and Nadoped GA
(ICSD code 1880yvas100 wt.% purevith GOF of 1.9 both GOF parameters were lower
than 5which indicates good description of the phggasst and Bisli989).Specific surface
area (BrunaueEmmettTeller (BET), Nb) of the materials and particle size distributiohs

the pure GA phases arpresentedn Figure 2

Methanol CHsOH — purity of 99.99% anhydrous) and maleic acid46:04), suppliedby

RF Quimicawereused for the selective dissolution methods.

Selective dissolution (SD)

Two selective dissolution methaddaleic acid/methanol (MAM) solutioas describety

Cabrera and Plowmgi988),andsalicylic acid/methanol (SAM) solutiozs describety

Gutteridge(Gutteridge 1979were testedlhe acid used are classified as hazardbyghe
2012 OSH Hazar€CommunicationStandard (29CFR1910.120Ghey can be harmful if
swallowed,and carcause serious eye damasgkin irritation,and othereffects Therefore,
appropriateprotective glovesand eye protection were used during the experimdihis.
resuling extracted phasewere analysed b¥-ray diffraction KRD), Rietveldanalysis

(Rietveld 1969pnd particle sizéistribution.
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The selective extractioprocessesollowed by Cabrera and PlowmaKCabrera and
Plowman 1988; Plowman and Cabrera 138#)Gutteridge (1979), showdithitationsthat
meant that it was not possibte achieve full aluminate extracton. As a third and
complementaryorm of analysis, the MANMmethodfrom Cabrera and Plowmgd988)was
slightly modified (as is shown iriTfable 2)to enable better assessment of the aluminate
phases This new modified methos denotedas MAM*. The extracted phases from the
modifiedmethod MAM*) werehandledunder N gas to avoidarbonation andtoredunder
vacuum inglasscontainersvith silica gel.The samples were characterized by XRD, Raman
spectroscopyandthermogravimetric analyseSGA). The dry powder samples were ground
by hand in an agate mortar to redagglomerabn, and then homogeneoudtyadedinto

the corresponding sample hold€he extracted phases were compared to synthetic phases.

Thermogravimetric analysis (TGA)

Thermogravimetric analysiwas performed using Universal Thermobalance V4.2E TA
from Mettler Toledo Samples ofipproximately40 mg were heated undeNa (40 mL/min)

atmosphere at a rate of 10 °C/mfirom 30 to 995 °C.

X-ray diffractometry (XRD) and Rietveld analysis

X-ray diffractometrywasconductedn a Siemens D500@iffractometer with a broad focus
CuKa tube anode applying 40 kV and40mA, a 20 range of 5-70°, and atep sizeof 0.017s.

Data sets were refined by the Rietveld method usia@ANalytical X" Pert Plussoftware.

The databasesed forRietveldrefinement anghase identification wabe PDF4 file of the
International @ntre for Diffraction Data (ICSP The refinements were also adjusted
achievea residue value (k) lower than 12 and GOF lower thar{RBost and Bish 1989)

The background was fitted with a Chebyshev function with 4 terms, and phases describe

by pseudoVoigt peak shapes fitted tainimisethe residue R(x).
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Raman spectr oscopy

Raman spectroscopy was used to aretlye clinkersdbefore andafterselective dissolution,
and the pure GA samples. The tests were performeging aRenishaw inVia Raman
Microscopewith an integral optical microscope (Olympus BH2 system). The excitation
source was a 514.0 nm (25 mW) laser. A maximunpowerof 4-5mW was possible at
the sample with approximately 5 pgpotdiameter via a standara50 ultralong working
distance, ULWD, microscope objective. The Raman shift was calibrated preacto
experiment against the 520 émeakof silicon. For analysis, the sample was place o
glass slip and placed under the microscope. A randomly chosen area was brougbtigto f
with thex50 ULWD objective lens. Raman spectra were recowd@tplicate Each analysis

was performedor 200—-170&m?, 10 second exposure, 3 accumulations.

Results and discussion

Selective dissolution (SD) processes for the original maleic acid/methanol (MAM) and

salicylic acid/methanol (SAM) methods.

Figure 3and Table 3how the particle size distribution of thknker samplesandtheir
BrunauerEmmettTeller BET) specific surface areas, after easblective dissolution
processThe mean patrticle siz#f the clirkers wassignificantly reduced after the selective
dissolutionprocesswhere a reduction up #9%was identifiedlt is possible to observe in
Figure 3 aisplacement between the particle size curves adienselective dissolutiorgnd

an increase inthe BET valuesin Table 3. However, the displacement between the curves
and the differencén the BET values were highewhen appying SAM (up to 63%)in
comparison to the MAM (up to 36%plutionregardlessf the type of clinkr, which is

attributed tathe difference in time that the samples were exposed duringpeaaddure5
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and 20 minutes for original methodsMAM and SAM, respectivelyAmong tle clinkers

tested OPChad a larger differend@p to63%)than WPC when apgihg the SAM solution.

Cabrera and Plowmdt988)also reportea risein theparticle size distributiomwhen using

the MAM method dthough ths processwvas described dsroadly providingsatisfactory
results.Gutteridge (1979) postulatéide importance of using a nomail particle size smaller
than 5 um in selective dissolution processes, although this was not the case inetite curr

work.

Table4 shows the phase proportmim the clinkersamples before and after each selective
dissolution determined bypplyingRietveldbased quantitative phase analy3ise lelite
phasewas not completely removday SAM extraction ofthe WPC sampleyith 0.9% of
this phaseemaining.In the OPCSAM tests dite was found in all samples but in quantities
thatdid not exceed.2%.The SAM solutionleft higherresidualalite contentshan MAM

for bothOPCand WPC sample®ericlase was founat concentrations &.6% and 3.3%

in the ®PGMAM and OPG-SAM samples, respectively.

In terms of hydrateroducts,1.2% and 0.6% portlandite was found in WRIBM and
WPGSAM samples, respectivelfhemain phase related tbydration anccarbonatiorof
the GA (3CaO-AbO3-CaCQ-11H0 — calcium monocarboaluminate hydrate (“AFm”
structurefamily)) wasidentified in all samplesbut ahighercontent of this phasgas found

in WPCMAM (1.2%).

Table 4 correlates the phasaésntified in each clinkesample before and after easgective
dissolutionprocess The ratios shown in the table are remarkatdypstant:aluminateto
C4AF, periclaseto aluminate and cubicto orthorhombic GA phase ratiswere essentially

unchanged by the removal of the alite and belite from the clinkers, indicating a grgle de

10
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of selectivity The values ofGOF obtainedin Rietveldbased quantitative phase analysis
indicated a good correlation between the obtained and calculated XRD patterns (Post and
Bish 1989), indicating that the selective dissolution procedures did not introduce a large

guantity of disordered or amorphous material intorésedueghat were isolated

Figure 4 shovws the XRD data, highlightingthe main peaks related to the extracted
aluminates, withvisible remnant peaks of alitaith d-spacing of 2.770 A and 2.602 An
the{606} and{822} directions, respectivel{De la Torre et al. 2002)). The cubie/Owvas
identified mainly through the single peak at 2.6987 A corresponding to the [400] direction
and the orthorhombiby the peaks located in tl28 axis at32.9, 33.0 and 33.2°.HE GAF
(characteristic peakat2.6581 A and 1.8263 along the {141} and {080} directi¢@slville

and Geller 1971)) anplericlase iflentifiableat 2.432 A and 1.4895 A along the {111} and
{200} directions, respectively(Tsirel'son et al. 1998)were notable to beextracted
completely as expectedMinor phases related to hydratigportlandite) and carbonation
were alsdound, probably du& handling and storage of the sampe$oreand during the

analysis

The results obtained byhristensen et a{2004)also showedhatthe complete removal of
Si-rich phases (alite and belitejasnot possible using SAM solutioA residual value of
19.4% alite and 10.6%elite were observed in their samglpreventing further aluminate

hydration studies.

Results from the modified maleic acid methanol (MAM*) process
X-ray diffraction analysis

Figure 5 show XRD patterrs for WPC and OPC samples before and atftermodified
selective dissolution procegas shown in Table 2ienotedVAM *. The modification of

11
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the method enabled the complete real@f alite and belite, as welisportlandite andhe

carbonated AFmphasehat weredentified in theSAM procedure.

Peaks attributed tocubic CzA, orthorhombic K-doped €&, C.,AF and periclasavere
observed by XRD irthe WPC andOPC samplesafter selective dissolutiomhe selective

dissolution wasimilarly effective for both clinkers, independent of their phase content.

Figures6 and 7 showthe XRD patterns of extracted sampleistained from thenodified
MAM* procesYOPGMAM* and WPCMAM*) and synthetic samples (ort. {T3A and
cubic GA) in the D ranges between30-35° and 4550° 20, respectively. The extracted
samples showed broader peaks due to the key alumpimaseshan didthe synthetic phases,
especially ahigher 26 angles It wasalsopossible to confirm in the WRSIAM* sample
(Figure 6) a sinde peak at 33I° 20 related to cubic éA\, and adouble peakn the OPC
MAM* sampleg(Figure6) at 332 and 334° related to orthorhombic{doped GA. Thepeaks
related to orthorhombic 48 doped with Na (ort. N&s3A — synthetic sample) andith K
(OPGMAM* — extracted sample) showed a smdisplacement due¢o the different

interstitial ions leading to different lattice distortions

Table5 shows the results of Rietveld analysis WiPG-MAM * and OPGMAM *, including
GOF and thephaseratios of CzA/C4AF, periclase/aluminateand eibic/orttorhombic GA
ratios obtained in Rietveld analysis of the samples before andthftenodified MAM*
procedure The presene in OPCMAM * of C4AF and periclasenust be considered img
further study olluminate hydratiofStephan and Wistuba 2008) content of 96.5% cubic
CsA and 3.5%C4AF was isolated from th&/PCthrough the MAM method as this clinker
was originally free of periclase (Tal¢ This difference between ORGAM * and WPC
MAM * was expected when compared witiaclinkers beforehe application of the selective
dissolutionprocess but it was necessatg analye the phase ratios before and after SD

process to confirm theffectiveness and selectivity of the extraction.

12
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As for the SAM method above, the phase ratios between aluminates and periclase wer
largely unchanged the MAM* selective dissolution process, and @@Fvaluedess than
5.0 indicaed a good fit betweethe observed and calculateliffractogramsindicatingthe

absence ofray newly formed disordered/amorphous phase (Post and Bish 1989).

Thermogravimetry

The thermogravimetriaesults(Figures8) confirmed the difference betweemhydrated
samples before and aftive modified MAM* processDerivaive thermogravimetryTG)

peaks relatetb adsorbed humidity at 10@ and decarbonation at 5500 °C(Scrivener et
al. 2016)wereminimal after selective dissolutionf both clinker samplesThe final mass
loss valuesfor both of the extracted residuégPCMAM * and OPGMAM * were below

0.5%.

The sampledenotedOPGMAM “ARB (Figure 8a)were storedfor 3 weeksin the same
conditionsas the clinker sample@n glass containers with silica gel under controlled
vacuun), to identify any possibility of changes or grgdration instorage The results
showed peaks related to adsorbed humiityl00 °G hydrated aluminate phasais254
268 °C,and decarbonation 662-707 °C(Scrivener et al. 2016Yhe timeof stolmagewhen
using extracted samples from Portlamtinker must evidentlybe minimzed to avoid
prehydration and carbonatipaven in controlled environmentDubina et al. 2014, 2015)
This process would be critical whetudying hydration procegsusing extracted samples.
It is known that both cubic and orthorhombigACshow theformation ofhydroxy-AFm
(C4AH13) on theirsurfacesduring prehydration in aence of CQ, and that this isnore
pronourted in orthorhombic ¢A (Dubina et al. 2015Both polymorpls of CzA can produce
on their surface monocarboaluminate (O-AbOs-CaCQ-11H0) when exposedo a

cabonated environme(Dubina et al. 2015).
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302 Raman spectroscopy

303 Table6 summarses the Raman shiftdentified byprevious authorsgnd in this workfor
304 syntheticaluminate phasesnd cubic @A, orthorhombic Na-doped4B, and GAF derived
305 from clinkers Thedifferences observed in Tabfieare mainly attributecto differences in

306 equipment configurations.

307 Figure 9 showsthe Ramarspectra ofclinker, syntheticand extractedsamplesfrom the

308 MAM* processThe Raman bands of clinker samples (WPC and OPC) proved to be difficult
309 to analyse due to the phase multiplicity, which led to peaks overlapping. Trempagklso

310 have been broadened due to-pyelration and carbonation as observetheXRD Rietveld

311  analysis. However, Raman bands were observed for cygbi@iC758 cmt (Bensted 1976)

312 and orthorhombic K-dopeds& at 718 ct.

313 The peaks found for the extractedmples (WPEGMAM * and CPG-MAM *) had smaller
314 intensities and morebroad and roundgoeakshape ircomparisorio thesyntheticsamples
315  Themain Raman bandfor the extractedcubic GA phasewereobserved at 508 cfand
316 758 cm'. Inthe extracte@PCresidudt wasnotpossible to obsenaeclear peakttributable

317 to the orthorhombic K-dopeds:& phase.

318 The GA synthetic phases with cubic (505 ¢r{Black et al. 2006and 754cm* (Black et
319 al. 2006) ard orthorhombic Naloped (511cm?! and 761 cm! (Bonen et al. 199%)

320 crystaline structures showed sharp and vefined Raman bands

321

322  Conclusions

323  Previou$y proposedalective dissolution methsdisingsalicylicacidmethanol (SAMand
324 maleic acidmethanol MAM) solutions werenot completelyeffective in extraction of

325 aluminate phases from white and gfegrtland cement clinker®ietveld analysiof the

14
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343
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345
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348

349

extracted residueshowedncompleteextraction with alite and belite phases remainiing

the samples. Furthermordhe particle size distribution analysis showed an important
modification d thesampleparticle sizeAmong the two method&AM solutiongavebetter
results relatetb a higher dissolution of th&licatephasegrange of 97.5-98%xtractionof
alite intoMAM solution, compared t®2-96% for SAM solution and a smaller difference

in particle size distribution and BESurface arean relation to the SAM solution.

However the modified selective dissolutiomethod proposetlere denotedMAM *, gave
completeremoval of the silicatphases when applied two different Portlandclinkers
while retaining the originatatios between £A polymorphs, and between the aluminate,
ferrite and periclase phases present in the clinkdre samplesnalyzedby XRD with
Rietveld analysis showed only aluminate (cubic and orthorhomgAcabd GAF) and
periclasepeaks in theiXRD diffractograms To avoid interference bys&8F, which is very
difficult to remove the authors suggest using white Portland clifkerfuture studies
Broader peaksvere observedor the extracted samples in comparison to synth€ga
samples when analysed KiRD andby Raman spectroscopwydicatingthe needor further
studies on the relative degrees of disorder in the industrial vs synthetic phakeés, a
influence on the hydration proces® apply this selective dissolution methotb the

generation of a deeper understanding of aluminate hydration in Portland cements
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Figure Caption List:

Fig. 1. Particle size distribution of Portland clinkers.

Fig. 2. Particle size distribution and BET of synthetic cubic and orthorhombiczs®a-C

samples.

Fig. 3. Particle size distribution of samples before and after MAM and SAM.

Fig. 4. XRD pattern of extracted sample0 10-70°.

Fig. 5. XRD diffractograms of WPC and OPC, before and after MAM*.

Fig. 6. XRD diffractograms from Fig. 5 expanded in the regior3 3020.

Fig. 7. XRD diffractograms from Fig. 5 expanded in the regior5d520.

Fig. 8. Thermogravimetric analys{&) OPC, OPEGMAM* and OPCMAM “ARB samples

(B) WPC, WPGCMAM*.

Fig. 9. Raman bands of OPC, WPC and psyrthetic GA samples betwee#70-800 cm

1
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483 Table 1 Chemical composition and loss on ignition of clinkers as determinedrhy X-

484 fluorescence (wt.%).
Clinker CaO Si0; FeOs Al:0s MgO KO NaO ;"nsltsloc';
WPC 68.3 23.3 0.3 4.3 0.4 0.1 0.2 2.9
OPC 65.8 20.4 3.6 51 14 1.7 0.4 1.8
485
486 Table 2 Stages of thenodifiedmaleic acid MAM *) procesdor selective dissolution.
Stages Sample Description
300 mL of methanol and 1§ of clinker; magnetic
1 Clinker/methanol mixing for 5 min to ensure complete suspension of
solution the particles without raising the temperature (room
temperature of 25 °C).
Clinker/methanol + Add 35 g of maleic acid and mix 25 minutes for-
2 ) . . dissolution of portlandite and -Bch phases
maleic acid solution . . :
(mainly alite and belite).
Rinse the samples with methanol three tir
3 Clinker/methanol +  (during 15 minutes) and vacuum filtered (2
maleic acid solution mmHg) using quantitative filter paper with sic
flow filtration.
4 Retained residue Dry at 40 °C for 20 min.
5 Retained residue Thermal treatment at 800 °C for 20 min.
. Store the final residue in a sealed container t
6 Residue .
testing.
487

488 Table 3 BET values observed after each selective dissolution procedure for each clinker.

OPG

OPC OPGMAM MAM * OPGSAM WPC WPCGMAM WPGSAM
BET
5 352 423 542 503 309 405 469
(m</kg)
489
490
491
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492  Table4. Rietveldbased quantitative phase analysis and phase ratios of samples before and
493  after SD.
OPG OPG WPG WPG
Phases OPC MAM  SAM wPC MAM  SAM
%
Alite 755 15 6.2 73.8 1.9 3.0
Belite 6.9 12.1 0.9
CsA 1.8 10.2 9.7 8.3 923 91.2
K-C3A 22 126 118
CisAF 12.0 71.3 68.0 0.3 3.4 3.3
Portlandite 0.5 4.7 1.2 0.6
Periclase 0.6 3.6 3.3
Cdcium carbonate 0.5 0.8 1.0 0.8 1.2 1.0
Aluminates/GAF 0.33 0.32 0.32 27.67 27.15 27.64
Periclase/Aluminates 0.15 0.16 0.15
cub./orth 0.82 0.81 0.82
GOF 393 285 252 453 260 3.88
494
495 Tableb5. Rietveldbased quantitative phase analydier modified MAM* solution attack
496 on WPC and OPC.
OPG WPG
Phases OPC MAM* WPC MAM*
(%)
CsA 1.8 10.9 8.3 96.5
K-C3A 2.2 13.3
C4.AF 12.0 72.2 0.3 3.5
Periclase 0.6 3.6
C3A/C4AF 0.33 0.34 27.67 27.57
periclase/aluminate 0.15 0.15
Cubic GA /orth. GA 0.82 0.82
GOF 3.93 3.06 4.53 2.59
497
498
499
500
501
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502 Table 6. Raman shifts of key aluminate phases.

Experimental

Phases Raman bands [cH) Authors .
conditions
506 | 754 (Black et al. 2006) 632'8Nr;m [He-
1064 pum |
Synthetic 504 | 753 | 1083 | 1525 (Bonen et al. 1994) Nd-YAG*
cubic GA 508 | 761 (Conjeaud and Boyer 198C 514.5 nm |Ar
1050 (Dyer et al. 1993) 1064 nm
510 | 760 (Newman 2005) 1064 nm
505 | 754 This work 514.0 nm |Ar
750 (Conjeaud and Boyer 198C 514.5 nm |Ar
506 | 754 (Deng et al. 2002) 632'8Nr;m [He-
(Clilnker) (MartinezRamirez et al
cubic GA 731 2006) ' 514.5 nm |Ar
740 | 756 (Bensted 1976) 514+632 nm
761 This work 514.0 nm |Ar
, 1.064 um|
Synthetic Na 493 | 521|763 | 1078 (Bonen et al. 1994) Nd:YAG
doped GA 510 | 761 | 1074 This work 514.0 nm |Ar
(Clinker)
orthorhombic 718 This work 514.0 nm |Ar
K-doped
CsA
Extracted .
cubic GA 508 | 758 This work 514.0 nm |Ar

503  * neodymium-doped yttrium aluminium garnet
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