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ABSTRACT

Precursors synthesized through thermal activation of low-quality illite clay
with alkali (NaOH or Na,CO,) were hydrated by only adding water to
synthesize one-part geopolymer pastes, and the strength and the
microstructures of relevant specimens were characterized. An acceptable
compressive strength was obtained when the hydrated specimens were
cured at 80 °C for 3 d. Thermal decomposition of the clay is distinctly altered
by adding alkali, and the octahedral -coordinated Al turnsinto tetrahedral Al
after calcination according to IR analysis. Besidesillite, most of thequartzin
the clay is converted to X-ray amorphous geopolymer precursors. The
nepheline formed during calcination disappears at €l evated temperature 950
°C. It is found that the compressive strength of one-part geopolymers is
positively related to the content of nepheline in the clinkers. Partial
dissolution of clinker particles in water facilitates cementing property. No
crystal hydrate is found during hydration so the cementing mechanism is
proposed to be X-ray amorphous zeolite-like gel as what in two-part
geopolymers. © 2014 TradeSciencelnc. - INDIA
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Portland cement (PC) contributes substantial car-
bon dioxideemissionsaswel |l ascausesother environ-
mental problems*2. Geopolymer isframework struc-
turesgenerdly synthes zed from atwo-part mixture con-
ggingof solidduminoslicaterav maerids. Thissynthe-
gsoccursby usngathermdly activated dehydroxylation
and dkdli slicatesolution*. Geopolymeric cement (GC)
isconsidered more environmental ly friendly®® because
of itslow energy consumyption, good mechanicd proper-
tiesandlow pollution emissions. However, thetwo-part

GCwhichcontainsakdinesolutionsand duminoslicate
sourceshasseverd limitations. Caudtic and sticky dkdli
could complicatethe preparation and the application of
geopolymer and makeit rdatively costly. Kaolinisa-
most the only practical, natural raw material used for
geopolymerisation. Therefore, raw materia choicesare
dtill limited. A new processngmethod of synthes zing one-
part (smplewater addition) GC smilar to PCisintro-
duced. In 2008, Duxson and Provisrecommended the
preparation of anideal geopolymer glass precursor to
synthesize one-part GC though the detailed method was
not given®. Geothermd slicaand sodiumauminatewere
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combined withwater toform asolid binder®. Kol ousek
et al. proposed a new method for synthesizing
geopolymer and themethodinvolved areactive precur-
sor and calcining low-quaity kaolin with sodium and
potassium hydroxideat 550 °C. However, the compres-
sivestrength was considerably low™. Solid-state syn-
thes sthrough thermal reaction of haloysitewith LIOH
followed by hydration of the product resulted infragile
and crumbly products*l. Kaolin was calcined with
K,CO,toformKSAIQO, productsasthestarting mate-
riasfor the synthesisof zeolites*?. Fenget d. synthe-
Szed one-part geopol ymersthrough thermal activation
of albitewith akai at 1000 °C, and the compressive
strength of the geopolymeric samplereached 30 MPa
after curingfor 7 d*3. However, theakdi content was
much higher thanthat of typica GC.

High-qudity kaolinwith morethan 35%auminais
alimited resource. Nevertheless, it isused asaraw
materia of GC. Ontheother hand, the common alumi-
nosilicate claysare abundant andlow cost withhigh Si/
Al moleratio competiblewith GCintermsof itschemi-
cal composition with aSi/Al moleratio of 2 to 64,
They usudly containalot of quartz besides clay miner-
as. Therma activation of quartzwith akali will resultin
sodium slicatewhichisbeneficia to geopolymerisation.
Through the controlled akai-therma processof dumi-
noslicates, thepractica product will contain amorphous
alkaline aluminosilicate, which is active for
geopolymerisation. Thus, thecommon|low-qudity clay
with high Si/Al ratio can beapotential raw materia for
one-part geopol ymeri zation™,

Low-qudlityilliteclay islow cost, availableworld-
wide. Thecurrent study focusesonthesuitability of [ow-
quality illiteclay to form one-part GC through thermal
activationwith alkali (NaOH or Na,CO,). X-ray dif-
fraction (XRD), scanning e ectron microscopy (SEM),
Fourier transform infrared spectral (FTIR) anaysis,
thermogravimetry (TG) and differentia scanning cao-
rimetry (DSC) are applied to characterizetheclay, the
clinkers, and the one-part geopolymersand discussthe
mechanismsinvolvedin calcination and hydration.

EXPERIMENTAL SECTION

Materials
Low-qudity illiteclay acquired fromtheredbedin

Xiangtan Chinawasground to obtain 90% of particles
that measure <75 pm. According to full silicate analy-
sis, thechemical composition of theclay was82.48%
Sio,, 9.72% AlO,, 1.03% K,0O, 4.01% Fe,O,,
0.87% Na,0, and 0.54% CaO (on a mass basis).
Sodium carbonate Na,CO, and sodium hydroxide
NaOH were of analytical reagent grade and supplied

by Guangfu Company in Shanghai.
Thermal treatment

Theilliteclay powder, which wasgroundto obtain
95% of particlesthat measure <75 pm, was mixed with
NaOH or Na,CO, with respect to themassof theclay.
Themixtureswere heated in alaboratory mufflefur-
nace to the predetermi ned temperature (650 °C to 950
°C) which increased at an increment of 10 °C/min, then
kept at afixed temperaturefor 3 h before being cooled
to room temperature. Theground clinkerswere seded
againgt atmospheric carbonation and hydration prior to
andydsand synthesis.

Geopolymerization and curing

Theakali-thermal clinker powdersweredirectly
mixed withwater &t awater/solid ratio of 0.3 and stirred
for 3 min in acement paste mixer. The pastes were
placed in 40x40x40 mm?® molds, sealed withaplastic
bag, and cured at 80 °C for 3 d and at 20 °C for 25 d
inair with >90% humidity. The specimenswere sub-
jected to compressive strength for 3, 4, 7, and 28 d.
The4 d compressive strength was obtained from the
pastes soaked inwater at 20 °C for 1 d after curing at

80 °C for 3 d to determine the softening coefficient.
Softening coefficient=4 d compr essive strength/3
d compressivestrength (@)

Samplecharacterization

Theilliteclay, calcined clinkers (precursors), and
cured geopolymer samples were analyzed by using
FTIR. The spectrawere recorded from 4000 cm* to
500 cm* by using a PE2000 FTIR Spectrum Spec-
trometer, and the specimenswere prepared by using
the K Br pdllet technique. Powder XRD was conducted
onaBruker D8-Advancediffractometer from Germany
with CuKo radiation at 35 kV and at 40 mA. Each
samplewas scanned with 20 between 3° to 70°, a step
increment of 0.01°, and a scanning rate of 8 °/min. SEM
was conducted by using JSM-6380LV from JEOL Ja-
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pan to characterize the microstructuresof theclay, the
clinkers, and the hydrates. Energy disperse spectros-
copy (EDS) was adopted to andyzethe chemica com-
position of themicrodomain by usng EDX-Genesis60s
from EDAX in USA. TG/DSC was conducted at 10
°C/min from 30 °C to 1300 °C in air by using a Mettler
Toledo TGA/DSC1/1600HT. Compressive strength
valuesweredetermined by usingaNY L-600 pressure
testing machinefrom WuXi.

RESULTSAND DISCUSSION

Compressivestrength and softening coefficient

TABLE 1liststhe compressivestrength of the hy-
drated pagtesfromthethermally activatedilliteclay with
alkdi at different temperaturesand cured at 80 °C for
3dfollowing standard curing beforetests. Though no
paste curing at room temperature gainsstrength, all the
pastescuring a 80 °C successfully harden except those
hydrated from theclinkerswith 25% NaOH at 950 °C
(19%Na,0). The3/28 d compressivestrength of 32.1/
26 MPaindicatesthat thelow-qudity illiteclay isfit for

= Fyl] Peper

tureis 750 °C among 650, 750, 850, and 950 °C when
NaOH isadded asakali activator.

Generally speaking, Na,CO,asanakali activator
hasthe same effect on theillite clay asNaOH with an
equa amount of Na,O content. However, Na,CO, can
better activatethe clay with awider calcination tem-
peraturerangeand higher alkali content (19% Na,0)
than NaOH, asisshown by the compressive strength.
NaOH canthermally activatethe clay effectively only
at 750 °C, and the lower and higher calcination tem-
peratures cannot effectively lead to sufficient compres-
sivestrength. Moreover, Na,CO, can effectively acti-
vatetheclay with cal cination temperaturefrom 650 °C
t0 950 °C and results in the one-part geopolymers with
sufficient strength (to see TABLE 1). The optimal cal-
cination temperature of 850 °C among 650, 750, 850
and 950 °C results in the largest compressive strength
at varied curingtimes.

Thesoftening coefficientsof the pastesranged from
0.561t02.19. The compressivestrength <10 MPaistoo
low to be precisely tested by using apressuretest ma-
chine, 0 thesofteni ng coefficientsca culated under this

synthesizing one-part geopol ymers. condition produce excessive erors. The acceptable
TABLE 1: Compressivestrength valuesand softening coefficientsfor one-part geopolymers
inati ivati . Compressive strength (M Pa i
oy AN Moleratoor Naoiaio, —STEISCEENMIA _ Sfenng

950 25% NaOH 3.25 0 0 0 -

850 20% NaOH 2.60 0.7 0.7 0 - 1

750 15% NaOH 1.95 8.4 5.7 5 75 0.68
750 20% NaOH 2.60 321 257 241 26 0.8
750 25% NaOH 3.25 2.6 5.7 7.6 2.19
650 20% NaOH 2.60 3.7 18 3.3 0.56
950 33% Na,CO; 3.25 4.1 35 2.7 0.85
850 33% Na,CO; 3.25 153 159 275 1.04
750 25% Na,CO; 2.60 142 137 109 0.96
650 25% NaxCOs 2.60 108 102 9.2 0.94

Theone-part geopolymer pastesfromtheilliteclay
with 20% NaOH (16% Na,0) calcined at 750 °C ex-
hibitsthehighest 3dto 28 d compressivestrengthamong
the pastes from the precursors cal cined with 15%to
25% NaOH at 650 °C to 950 °C. Among NaOH con-
tent of 15%, 20%, and 25%, 20% NaOH was most
suitablefor obtaining the highest compressive strength
of the hydrates, and the optimal cal cination tempera-

softening coefficientsare between 0.80 and 1.04, withan
averagevaueof 0.94 whenthequestionabledataarere-
jected. Thus, the one-part geopolymer pastesare quite
water-ressant.

Thermal analysis

Figure 1 showsthe TG curvesfor thelow-quality
illiteclay and thefinely ground clay mixed with 20%
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sodium hydroxideor 33% sodium carbonate. Thefirst
evident weight lossof approximately 1.74%for theil-
liteclay below 100 °C is related to the adsorbed water,
whereasthe second evident weight lossof gpproximeatey
1.91%isobserved after 420 °C and is most intense at
approximately 475 °C for the hydroxy water loss in
illite'®, The DSC found an endothermic valey inthe
sametemperatureregion (Figure2). TheDSCvalley at
573°C, which appears in all three samples, is due to
thereversible a-p quartz transition and indicates high
quartz contentintheilliteclay inlinewith 82.48% mass
of SO,

‘I‘ T ‘“\_'. ——
»‘H — illite clay
-. \\ —---llite clay + 20% NaOH
" llite clay + 33% Na,CO,
N,
0 200 400 600 800 1000 1200
TrC

Figurel: TGcurvesdfilliteclay, illiteclay + 20 wt% NaOH,
andilliteclay + 33 wt% Na,CO..

Theillite clay with 20% NaOH exhibitstwo de-
fined weight lossesbefore 800 °C (Figure 1). The larg-
est weight loss (9.35%) was obtained at 92 °C with a
sharp endotherm inthe heat flow (Figure 2) caused by
the evaporation of the strongest adsorbed water asso-
ciated with NaOH among the three sampl es. A pproxi-
mately 4.68% weight |oss occurred in therange of 200
°C and 800 °C that attributes to the deprivation of struc-
tural water of NaOH and theilliteclay. Thiscondition
does not exhibit an obvious endothermic valley prob-
ably, for it occurswithin awidetemperaturerange (Fig-
ure 2). A broad endothermic valley between 800 °C
and 1120 °C, with the most violent point at 1085 °C, is
ascribed to the gradual formation of sodium alumino-
dlicateglassy phases. Unlikeraw illiteclay, theclay with
20% NaOH does not exhibit violent dehydration at
around 475 °C. Therefore, alkali considerably alters
thetherma decomposition of theilliteclay and reduces

\ e
%2'*. £ P i e
Vi \}‘\_ i
—— illite clay "
- llite clay + 20% NaOH — "
--------- illite clay + 33% Na,CO, "'\\
\‘\_/
0 200 400 600 800 1000 1200
T/°C

Figure 2 : DSC curves of illite clay, illite clay + 20 wt%
NaOH, and illiteclay +33 wt% Na,CO,.

thevitrifying temperature of theclay. Thedistinct en-
dotherm at around 1185 °C probably attributes to
abrupt melting of theclay.

The TG and DSC features of theillite clay with
33% Na,CO, aresimilar to that with 20% NaOH. Ap-
proximately 6.63% weight loss of absorbed water was
foundat around 116 °C for the clay with 33% Na,CQO,,
whichismuch lessthan that of the samplewith 20%
NaOH at around 92 °C (Figure 1). Approximately
9.38% mass | oss between 200 °C and 800 °C is re-
sulted fromthelossof structural water of illiteminera
and therelease of CO, accompanied by the decompo-
sition of sodium carbonate. Two low endothermic val-
leysat 600 °C and 745 °C were observed (Figure 2).
Thevalley at 600 °C might be related to the loss of
structurad water for thesystemwithalkali, and Na,CO,
might decompose at 745 °C. Above 800 °C, no fur-
ther notableweight loss occurred (Figure 1), and the
DSC found amoreevident endothermicvaley a around
1027 °C than when 20% NaOH was added. This phe-
nomenon may beattributed to the melting of theclay.
Thus, Na,CO, asalkali isapparently somewhat more
effectivethan NaOH in activatingilliteclay.

FTIR analysis

TheFTIR spectrain Figure 3 depict the character-
istic peaksof theilliteclay at 3701 cm™* and 3624 cnr
twhich correspondtothe OH- stretching vibration. The
valley at 1033 cm isattributed to the Si-O bondsin
the SIO, moleculesand thevalley at 913 cm™ corre-
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spondsto theexterior OH vibrations. Thebandsat 793
cmt and 688 cmt aredueto Si-O symmetric stretch-
ing. Absorption at 535 cm? isrelated to Si-O-AlY!,
wheretheAl isin octahedral coordination*”. A weak
vdleyfound near 1640 cmt indl formulaeiscaused by
thebending vibrationsof water. Except for theraw clay,
both formul ae of the cal cined clay and the correspond-
ing hydratedid not exhibit aSi-O-AlV'valey at 535 cnr
1 whichindicatesthat the octahedrd-coordinated Al in
illiteturnsinto tetrahedral-coordinated Al after being
thermally disposed at 750 °C with 20% NaOH. All
valleysrelated to structural water, such as 910, 3624,
and 3701 cm!, were not found in the curves of both
thethermally disposed clay and therelevant hydrate.
Thevalley related to adsorbed water, which isweakly
bound with duminosilicates near 1640 c'?, appeared
very week for thethermdly digposed dkdi sample (Fig-
ure 3[b]) but stronger for itshydrate (Figure 3[c]). The
one-part geopolymer (the hydrate) (Figure 3[c]) ex-
hibited a sharp valley at around 1458 cm?* whichis
atributed to theinfluence of the CO,* ionsby the sub-
sequent curing™d.

AV

1000

500 1500

wavenumber/cm’

Figure3: FTIR spectrafor illiteclay (a), illiteclay calcined
at 750 °C with 20% NaOH (b), and the corresponding hydrate

(©.
XRD analysis

Figure 4 presents the XRD patterns of the low-
qudlity illiteclay, the clay with 20% NaOH cacined at
750°C, and its hydrate. The minerals in the low-quality
illiteclay include quartz, illiteand hematite. Compared
withtheraw dlay, theclay cdcined a 750°C with NaOH

= Fyl] Peper

shows no illite and hematite but has a new mineral,
nepheline (NaAISIO,). The hydrates of the clinkers
exhibit XRD characteristicssmilar tothoseof theclin-
kersathough the hydratesare different fromtheclin-
kersand have solidified. Thisphenomenon indicates
that the hydration reaction produces X RD-amorphous
phases, which strengthen the one-part geopolymers
similar to those two-part geopolymers with XRD-
amorphouszeolite-likesodium duminoslicates.

(750°C+NaOH )+H,0

L N UINP" vl hJIILle’M.H‘\-wHWJL

T50°C+NaOH
N N
‘I' " /p', \
1 |
Q Q clay

0 10 20 30 40 50
280
Figure4: XRD patternsfor illiteclay at different conditions
includingraw clay, calcined clay with NaOH at 750 °C, and
the corresponding hydr ate. Peaksmarked with lettersare
Q-quartz (PDF#89-1961), | -illite (PDF#26-0911), H-hematite
(PDF#33-0664), and N-nepheline(PDF#35-0424).

Thephasecharacteristicsof thethermdly activated
illiteclay with akali vary with the calcining tempera-
ture. The XRD patternsof thecalcined clinkers, which
arethermally activated with NaOH at different tem-
peratures, areshowninFigureb. llliteand hematitedis-
appear, but nepheline appearsinthe calcined clay at
650 °C. Nepheline content increases when calcined at
750°C. However, all the other minerals almost disap-
pear, and the clinkers attain aglassy phase when the
calcination temperatureincreasesto 950 °C. A small
amount of quartz remains, asisindicated by the stron-
gest XRD peak of quartz (Figure5).

SEM and EDSanalysis

Figure 6 presentsthemorphologiesof theraw illite
clay, thecacined clay thermally treated with dkali (pre-
cursorsof geopolymers), and the hydrates under SEM.
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Figure5: XRD patternsfor theillite clay calcined with
NaOH at different temper aturescompared with theclay.

Thepostionsof themicrodomainfor EDSandysisare
also marked in Figure 6, and the chemical composi-
tionsof themicrodomainareshowninTABLE 2. The
raw illiteclay ismainly composed of dozensof micron-
sized grainy quartz (Figure 6] 1]) and severa micron-
szedflakyillite(Figure6[2]). Thecday with 20% NaOH
calcined at 750 °C shows a type of glass with numer-
ousair holes (Figure6[3]). Thegeopolymershydrated
from the clinker powdersexhibit cementing character-
istics, and the particlesagglomeratewith each other in
smooth edge-dissolved morphologiesthat attributeto
partia dissolution of the precursor powdersat theedges
inwater (Figure 6[4]). Thistypeof geopolymer pastes
ischaracterized by high compressive strength. By con-
trast, theclay calcined at 950 °C with NaOH appears
asakind of compact glasswithout air holes (Figure
6[5]). Initshydrates, the multiangular particlesaggre-
gateloosaly and hardly react withwater (Figure 6[6]),
and the pastes are weak in compressive strength (to

see TABLE 1). Thus, themorphol ogiesof theclinkers
and the hydratesare cons stent with the strength of the
one-part geopolymers. SEM depictsno new minera
crystd morphology, including nepheling intheclinkers.
Therefore, nephdineisinferred to bepoorly crystal-
lized, very smdll, difficult to bevisudized, and present
at low amounts.

Thechemicd andysisof themicrodomains(by us-
ing EDSInTABLE 2) showsthat al theillite

clay calcined with NaOH and the corresponding
hydratespossessachemicd compositionamilartothose
of geopolymerswith superfluousakai (Naor K). How-
ever, compared with theraw clay, thecontentsof SO,
for themicrodomainsare evidently low except for the
hydratesin Figure 6[6]. Thisphenomenon agreeswith
thefact that quitealot of quartz intheclay remainsso
theactua contentsof SO, for themicrodomainsinthe
clinkers and the hydrateswere low than the average
composition. Themicrodomainwith highcontent of SO,
might consist of quartz.

Calcination and geopolymerization mechanism for
one-part geopolymers

Thecacinationtemperatureconsderably influences
the strength of the one-part geopolymers, andthelarg-
est compressive strength isobtained whentheclay is
thermally activated with NaOH at 750 °C. At the same
timetheclinkersshow the highest contentsof nephdine
and ar holeswith quite high content of quartz, whereas
theclinkerscalcined at either 650 °C or 950 °C have
lessor no nephelineand resultin hydrateswith lessor
no compressive strength, respectively. Hence, themin-
era phases of the clinkers considerably influence
geopolymerization, and thecontent of nephdineappears
to be positively rel ated to the compressive strength of
the hydrates, although nephelineisnot only inert in

TABLE : 2 Element atom content of themicrodomainsdeter mined by usng EDS

Graph number in

Average chemical composition of the

Approximateratio

Figure 6for the ) Na K Al ]
i i clinker of (Na+K):Al:S
microdomain
3 (Na20)2.6(K20)0.1A1203(S02)13.7 11.68 050 6.57 16.11 2:1:3
4 (Na20)2.6(K20)0.1A1203(S02)13.7 1306 0 328 1412 4:1:4
5 (Na20)3.3(K20)0.1A1203(Si02)13.7 10.87 0.77 348 17.36 314
6 (Na20)3.3(K20)0.1A1203(Si02)13.7 828 061 158 2281 6:1:15
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Figure 6: SEM images of theillite clay, its clinkers thermally treated with alkali, and the corresponding one-part
geopolymers. (1) theilliteclay; (2) illitein theclay; (3) theclay calcined at 750 °C with 20% NaOH and (4) the corresponding
hydrate; (5) theclay calcined at 950 °C with 25% NaOH and (6) the corresponding hydrate. The white cross indicates the

position of EDS.

geopolymerization but also consumes active Al for
geopolymerization.

The presence of appropriate crystal phasesindi-
catesthebinding activitiesof theclinkers. Thecacined
clay with NaOH resultsin weaker hydratesthan those
withNa,CO,. Theformer clinkersaredmostinaglassy
state, and thelatter contain acertain amount of quartz,
asshown by the XRD patternsin Figure 7. Sotoo high
calcination temperatureresultsin glassy clinkersand
doesharm to cementing activity of theclinkers.

When theillitein the present clay is presented as
K, O-mALO,nSiO,pH,0, the calcination reactions
with NaOH aregiven asreactions(2) and (3).

K,0-mALQO,-nSIQ - pH,0+SQ + NaOH—

(Na, K),0-mALG,-qSQ(glasy + H,0 @
K,0-mALO,-nSQ - pH,0+3SQ + NaOH—
(Na K),O- ALQ, - 2SO,(nepheling+ H,O (3)

Only theactivealuminaand silicacanlead to pro-
duce nepheline and also make the calcined clay
geopolymerically active, so thereaction (3) canindi-
catethegeopolymeric activity of theclinkers.

Thehydration and geopolymerization reactionsfor
the cal cined precursorsinwater might bein accordance
withreaction (4)

(Na,K),0-mAl,O,-qS0O, +H,0—»
Na,O- Al,O;-nS0O, - pH,O(zeolite) @)
— Paterioly Science
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Figure7: XRD patternsfor thermally activated illiteclay

with alkali at 950 °C using NaOH or Na,CO, with thesame
Na,O content.

However, zeoliteisnot observedin our hydrates.
Therefore, only zeolite-like phases which cannot be
detected by XRD, like those in conventional
geopolymers, are suggested to form during hydration
and offer binding properties.

Theclinkerscalcined with akali at too high tem-
perature are melted and turn into glass without
geopolymericactivity. Kong Lingjiang et d*¥foundthat
the activea uminaand silicacontents of the calcined
kaolin areboth affected by the cal cination temperature
when kaolinisca cined. Thecontent of activesilicad-
waysincreases with cal cination temperature, but the
content of activeaumina, whichistetrahedra -coordi-
nated, increaseswith calcination temperaturefirst, but
decreasesrapidly with calcination temperature at high
temperature. It might bea so the casewiththe calcined
low-qudityilliteclay adding dkali. Themaximum tota
contents of active alumina and active silica for
geopolymerization are produced by calcining at mod-
erately high temperature 750 °C. Almost all the silica
had turned into active silicawhen the cal cination tem-
perature el evatedto 950°C since quartz hardly remains,
but then the content of activea uminabecometoo lower
to synthesize nepheline and do harm to
geopolymerization when mixed with water.

CONCLUSIONS

1) Thermal stimulation of illite clay with alkali for
Woteviaty Science Cmmm—

geopolymeric precursorswasused asastepinthe
evolution of one-part GC. Through water addition,
theground precursor of low-qudityilliteclay, which
was cal cined with 20% NaOH at 750 °C or 33%
Na,CO, at 850 °C, obtained water resistance with
arather high compressivestrength.

2) TheTG/DSC predictsthat the addition of alkali
distinctly altersthethermal decomposition of the
clay, and the octahedra -coordinated Al intheclay
turnsinto tetrahedral -coordinated Al according to
IR anayss. Duringthermd activationwith akai at
650 °C to 950 °C, the minerals in the raw clay,
includingillite, hematite, and most of quartz, de-
creased and disappeared. In addition, nepheline
initially increased, and then decreased and disap-
peared whenincreasing ca cination temperature. At
the sametime, the compressive strength of the cor-
responding one-part geopolymersinitialy enhanced
and then decreased. No new mineral produced in
theformation of one-part geopolymers.

3) Itisproposedthat theactivity of Al changeswith
cdcinationtemperaturedifferent fromthat of S, and
themaximumtota contentsof activeAl and active
Si for geopolymerization are produced by calcin-
ingtheclay with dkadi a moderately high tempera-
ture 750 °C, which is indicated by the content of
nephelineinthe precursors. The hydrolysisof the
XRD-amorphoussodiumauminoglicatesisinferred
toinducetheformation of zodite-likealuminosli-
cates, which contain chemical bonding water and
render the hydrated pastes cementing and water
resstant.
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