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Plate materials composed of aluminosilikate ceramic fibres bonded with
alumina or Portland cemen; with or without the addition of high-silica flue dust
of an amorphous structure were heat treated at temperatures up to 1300 °C.

The spectmens containing alumina cement and silica flue dust show upon
heating to above 1100 °C the formation of anorthite and gehlenite besides CA
phase. Analogically treated speciments without flue dust were found to contain
only the original clinker minerals: CA, CA, and small quantities of Ci2A4.
Specimens on the basts of Portland cement and flue dust contained a certain
quantity of wollastonite after heating to temperatures above 800 °C and gehlenite
after heating beyond 1000 °C, regardless of the presence of flue dust.

Ceramic fibres bonded with alumina and Portland cement and containing
silica flue dust are more resistant to corrosion than flbres from the corresponding
prepared without the addition of silica flue dust. The ceramic fibres were partly
Sfused at 1300 °C.

INTRODUCTION

The utilization of thermal insulating materials containing ceramic fibres as micro-
reinforcements has gained technical significance, especially as a conséquence of the
general shortage of fuels and energy.

Limited quantities of ceramic fibre materials are manufactured in Czechoslovakia
(Termovit, Resistex) and their technology and applications abroad are covered by
patents; they are described mainly in internal publications, so that relatively few
references can be found in literature [1] — [5]. For this reison it was considered
necessary to study the interactions between the fibres themselves and alumina or
Portland cement at temperatures between 800 and 1 300 °C which represent the
main application temperatures for the products in question.

The aim of the studies was to assess the viability of the production of cement
bonded fibrous products and to investigate the possibility of reinforcing the surface of
the plate in order to improve its abrasion resistance. Last but not least, the subject
matter included the problems of manufacture of refractory concrete reinforced with
refractory fibres. The latter application has recently gained great significance for
local industrial applications.

EXPERIMENTAL

Starting materials

The experiments were carried out with Czechoslovak refractory fibres of the kaolin
type with the trade name Resistex R 12, obtained from pilot plant production
(Si0, — 55.18 %,, Al,0; — 42.86 %, Fe,0; — 0.24 9,, CaO — 0.20 %,, MgO — 0.18 %,
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ignition loss — 0.25 9%, refractorines 1680 °C, mean fibre thickness 4.5 pm, length
index 8.0 cm, contents of grains larger than 0.5 mm — 3.3 %,).

The high-alumina cement used in the experiments was Sécar 71 of French manu-
facture (in the early stages Sécar 250) which can be regarded as a standard material.
Alumina cements are at present not yet manufactured in Czechoslovakia.

(810, — 0.36 %, Al,03 + Si0, — 69.45 %,, Fe,03 — 0.41 %,, CaO — 28.14 %, MgO —
0.879,, ignition loss 0.27 9, refractoriness 1 545 °C.)

Portland cement of the PC 400 type from the Hranice Cement Plant ((SSR) had
the following characteristics and composition: insoluble residue 0.04 %, ignition
loss 0.76 %, SiO, — 20.149,, Al,0; — 5.91 9%, Fe,0; — 3.259,, TiO, -— 0.279,,
Ca0 — 65.02 %, MgO — 1.22%,, K,0 — 0.67%,, Na,0 — 0.16 %, SO; — 2.44 9%,
Cements of this type are employed locally for the manufacture of refractory concretes
for temperatures up to 1 100 °C.

As microfiller for the Portland cement was used silica flue dust of an amorphous
structure from the Mnisek pod Brdy Works. (Si0, — 97.279%,, Al,O; — 0.51 9%,
Fe,03 — 0.109%,, TiO, — 0.01 %,, CaO — 0.54 %,, MgO — 0.379,, K,O — 0.40 9%,
Na,0 — 0.069,, moisture content 0.469%, ignition loss 0.689,, bulk density
245 kg . m~3.)

Preparation of test specimens

The specimens were prepared from the Resistex fibres by lamination and sub-
sequent filling with the cement suspension with or without the addition of silica flue
dust. Specimens with a thickness of approx. 40 mm were prepared from the individual
about 5 mm thick Resistex layers. The fibre — cement weight ratio was 75 parts to
425 parts; when flue dust was introduced, the fibre — cement — flue dust ratio was
65 parts to 250 parts to 100 parts. The water — cement ratio of the material with and
without the flue dust was 2.0 and 0.50, respectively. The bulk density of the material
with and without the flue dust was 500 kg . m~3 and 700 kg . m—3, respectively.

With regard to the fact that no commercial products were available, the samples
were prepared in a way which was considered suitable for technical applications.

The specimens were treated in a way similar to the testing of cements, i.e. the
specimens with alumina cement were stored a fortnight and those with Portland
cement 7 days in an environment with a relative humidity of 1009%,. After this
period the specimens were dried and heat treated in an oxidizing atmosphere (Super-
kantal furnace) at the following temperatures: 1100°C, 1200°C and 1 300°C
(alumina cement), and 800 °C, 1 000°C, 1100 °C, 1 200 °C and 1 300°C (Portland
cement). The length of the isothermal holding period at the maximum temperature
was 2 hours.

Methods employed

Besides the classical chemical methods, the main phase composition was deter-
mined by means of ax X-ray diffractograph with a Philips proportional counter.

The microstructure of the heat treated specimens was studies by the STEREO-
SCAN 2A scanning electron microscope (Cambridge Scientific Instruments, Cam-
bridge, England) which provides a direct magnification from X 20 to x 100 000 with
a resolution of about 100 A. The microstructure was studied on a fresh fracture
surface of the specimen which was vacuum coated with a thin gold layer.
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DISCUSSION
Phase composition
Specimens with alumina cements

The main phase of the specimens after the hydration of the cement was Al,O;
. 3 H,0 (gibbsite) together with a smaller quantity of C3AHs, CAH; and possibly
C3A . CaCO;. 12 H,0. The presence of the C3AHg_12 phase can not be confirmed.
Characteristic diffractions of a very low intensity indicate the presence of o-Al,Oj3.
The presence of calcite could be indentified.

The specimens fired at 1 100 °C contain larger quantities of CA; and CA, besides
a small amount of Cj2A;. The heating up to 1 200 °C did not substantially affect the
composition of the specimen, apart from producing a slightly larger quantity of the
CA; phasc. The specimens that have been heated to 1 300 °C did not contain Cr2A7,
but smaller quantities of mullite (3 Al,O3 . 2 SiO,) produced by crystallization of the
fibres, were observed.

The phase compositions of the individual specimens are shown by the X-ray
patterns in Fig. 1. which have been prepared by means of a plotter supplied with the
Hewlett Packard 9820 A calculator.
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Fig. 1. X-ray patterns of specimens with alumina cement.
A — «Al0; G — AlLO;3.3 H,0 (gibbSitc)
B — cCA H — C;AHs
C — calcite K — C3A.CaCO3.12 Hy,O
D — CA; M  — nmullite.
E — CpAy N — CAHjyp
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Specimens with alumina cement and silica flue dust

After hydration of the samples considerable quantitieé of gibbsite and the CAHio
phase were determined. It is interesting to note that also small quantities of calcite
and Ca(OH), were present. ‘

The specimens heated at 1 100 °C contain various quantities of anorthite (CaO .
. A1,03 . 2 Si0;) and gehlenite (2 CaO . Al;Os . Si0O,), besides a small quantity of the
CA; phase and cristobalite. Also a slight quantity of mullite was identified. Upon
heating at 1 200 °C were formed larger quantities of anorthite and gehlenite, some-
what higher mullite content and reduced quantities of CA,. Heating at the maxi-
mum temperature (1 300 °C) decreased the content of cristobalite and CA, (Fig. 2).
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Fig. 2. X.ray patterns of specimens with alumina cement and silica flue dust.
B — CA G" — gellenite
C — calcite M — mullite
D — Ci\z : N —_ CAI‘T]Q
v — AlLO;.3H,0 O — anorthite
(gebbsite) V — vaterite

Specimens with Portland cement

Before heat treatment, the specimens were found to contain significant quantities
of portlandite (Ca(OH),), besides low contents of calcite and a certain quantity of
non-hydrated clinker minerals (alite, belite and C3A).

Heating at 800 °C resulted in the formation of secondary belite which was still
crystalographically disordered, asindicated by the diffuse character of the respective
diffraction peaks. Besides a small amount of calcite was found also a smaller quantity
of secondarily produced Ca(OH),.

100 Silik4ty &. 2, 1982



Interactions between Kaolin Fibres and Cement...

Upon heating at 1000 °C B-C,S was formed, the internal structure of which ex-
hibited a more ordered character, as indicated by a narrower profile of the diffract-
ion peaks. Likewise the initial formation of gehlenite was confirmed. A temperature
increase up to 1100°C increased significantly the belite contents, whereas the
gehlenite quantity remained at the same concentration level. The specimens which
were heated at 1200 °C did not substantially differ from the previous specimen,
except for the lower portlandite content. The specimen heated at 1 300 °C differed
considerably by its phase composition; its main phase was gehlenite, besides a smaller
quantity of pseudowollastonite and belite. Portlandite could no longer be identified
(Fig. 3).
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Pig. 3. X-ray patterns of specimens with Portland cement.
C — calcite J — B-CS
I — CAF R — Ca(OH);
G’ — gehlenite U — CsS
I — CiA Wx — pseudowollastonite

Specimen with Portland cement and silica flue dust

Before heat treatment, the hydrated specimen was characterized by a certain
proportion of non-hydrated clinker minerals and a small amount of portlandite,
besides a lower quantity of calcite.

Heating at 800 °C yielded a certain quantity of poorly crystallized belite, besides
a small quantity of wollastonite. Also smaller quantities of Ca(OH), and calcite were
identified. Heating at 1 000 °C produced gehlenite and a small quantity of secondary
calcite. Firing at 1 100 °C did not change significantly the phase composition, apart
from the disappearance of calcite and the identification of small amounts of Ca(OH)j,.
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At 1200 °C were identified wollastonite, pseudowollastonite and increased gehlenity
contents. Heating at 1300 °C resulted in the formation of distinct quantities oo
pseudowolla,stonite and gehlenite. No further phases could be positively identified
in the specnnens The X ray dlﬁ'mctlon patterns for some selected specimens are
shown in Fig. 4.
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Fig. 4. X-ray patterns of spectmens with Portland cement and silica flue dust.
C — calcite R — Ca(OH),
G — gehlenite U — GCs8
J — B-CS W  — wollastonite
Wx — pseudowollastonite

The microstructure of heat treated specimens

Specimens with alumina cement

The specimen heated at 1 100 °C still contained unchanged ceramic fibres embedded
in the cement. The temperature of 1 200 °C changed somewhat the morphology of the
dehydrated cement grains that covered the ceramic fibres; as a result of the partial
fusion of the fibre surface, the grains were at some points “immersed” in the fibre
surface (Fig. 5). Considerable destruction resulting from the melting of the fibres
has taken place at the maximum temperature of 1 300 °C (Fig. 6).

The microstructure of the heat treated specimen with additions of silica flue
dust exhibited no significant differences from the series with no flue dust additions.
The fibres appear virtually unaffected at temperatures up to 1100 °C and 1 200 °C
(Fig. 7). The considerable destruction of the fibres which corresponds by its extent
to the specimens without flue dust additions, can readily be seen at 1 300 °C (Fig. 8).
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Specimens with portland cement

The formation of isometric grains of the dehydrated cement can be observed at
temperatures of 1 000°C and above (Fig. 9); this was indicated by the formation
of a liquid phase. A temperature increase up to 1 100 °C produced a melt which em-
bedded the individual fibres (Fig. 10). A further temperature rise increased the
contents of the liquid phase, so that at 1 300 °C no fibre residues could be observed.

Although the formed melt swrrounded the fibres in the specimens containing
Portland cement and flue dust (Fig. 11), the texture destruction which occurred at
1200 °C was not as distinct as with the specimen without flue dust contents. The
fibres were mutually bound by the solidified melt, and some of the fibres still maintai-
ned their original shape (Fig. 12). In the specimens heated at 1 300 °C can be obser-
ved only the solidified melt without any residues of the ceramic fibres.

CONCLUSION

The differences in phase composition and microstructure of fibre plate specimens,
composed of Resistex R 12 ceramic fibres bonded with Sécar 71 alumina cement or
Portland cement with or without the acldition of silica flue dust after heating at
temperatures up to 1 300 °C were studied. At temperatures from 1 100 °C upwards,
a mixture of anorthite, gehlenite and CA; is formed in the specimens from alumina
cement and silica flue dust. In the absence of flue dust the high-temperature teatment
yields the original clinker minerals: CA and CA,, besides a small amount of C;2A7.

After firing at 1 300 °C, the fibres in both series are strongly corroded and embedded
in the solidified melt. It was found that the specimens based on Portland cement and
silica flue dust contained after heating above 800 °C wollastonite. The formation of
gehlenite was determined in both series at temperatures from 1 000 °C upwards.

There are no significant differences in the microstructure of the heat treated
specimens of the both series.

But the corrosion of the fibres is considerably less distinct in the series containing
the silica flue dust. The specimens were completely molten at a heating temperature of
1 300 °C. The alumina cement is more suitable for this type of application, since it
reacts with the kaolin fibres at temperatures which are approx. 100 °C higher in
comparison with the materials containing Portland cement.
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INTERAKCE MEZI KAOLINO_VYM VLAKNEM A CEMENTEM
ZA VYSOKYCH TEPLOT
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Deskové materidly z hlinitokfemiéitych keramickych vliken pojenych hlinitanovym nebo
p-cementem bez piidavku nebo s piisadou vysocekiemigitého tletu amorfni struktury byly te-
pelné zpracoviny do toploty 1300 °C.

silikaty &. 2, 1982 103



Z. Sauman, V. Lach, F. Sevéik:

Ve vzorcich s Al-cementem a kiemi¢itym uletem vznika od 1100 °C smés anortitu a gehle-
nitu vedle fize CA. Bez uletu byly prokiziny pouze pavodni slinkové minerily: CA, CA,
a malé mnozstvi CppAq. Vzorky s p-cementem a dletem vykazovaly od teploty 800 °C jisty po-
dil wollastonitu, od 1000 °C byl zjitén gehlenit, bez ohledu na piisadu uletu.

Vlikna ve smési s hlinitanovym nebo p-cementem s kiemiditym tletem nepodléhaji tak
znaéné korozi ve srovnini s materidly bez prisady. Pii teplotd 1300 °C byla vlikna jiz zna¢nd
natavena.

Obr. 1. Schematické rentgenometriclé zdznamy vzorkd s hiinitanovym cementem.

A — a-AlO; G — ALO;. 3 H,0 (gubbsit)
B — Ct\ H — C;AH‘
C — Kalcit K — C;A.CaCO;.12 H2O
D — CA; M — Maullit
E ——— Clzi\7 N — CAHm
Obr. 2. Schematiclé rentgenometriclké zdznamy vzorkd s hlinitanovim cementem a Liemaéityym iiletem .
B — CA G’ — Gehlenit
C — Kalcit M — Mullit
D — CA, N — CAH,o
G Al20;.3 Hzo O — Anoriat
(Gibbsit) V — Vaterit
Obr. 3. Schematicl:é rentgenometriclé zdznamy vzorkd s p-cementem.
C — Kalcit J o (-GS
F — C,AF R — Ca(OH),
G’ — Gehlenit U — Ci8
I — GA Wx—- Pseudowollastonit
Obr. 4. Schematické rentgenometriclé zdznamy vzorkd s p-cementem & kiemiéitym diletem.
C — Kalcit R — Ca(OH),
G’ — Gehlenit U — Cs8
J — B-CS W — Wollastonit

W Pseudowollastonit
Obr. 5. Resistex s Al-cementem (1200 °C).
Obr. 6. Resistex 3 Al-cementem (1300 °C).
Obr. 7. Restistex s Al-cementem & kfemilitym letem (1100 °C).
Obr. 8. Resistex s Al-cementem & kfemeéitym uletem (1300 °C).
Obr. 9. Resistex s p-cementem (1000 °C).
Obr. 10. Resistex s p-cementem (1100 °C).
Obr. 11. Resistex 3 p-cementem a kiemiéitym letem (1000 °C).
Obr. 12. Resistex 3 p-cementem & kiemiéitym letem (1200 °C).

B3AMMOAEHMCTBHE MEMIAY KAOJHHOBLIM BOJOKHOM
I TEMEHTOM TTPIT BHICORLBIX TEMHITEPATVPAX

daenenr Mlaysan®), Braunop Jlax®), Opaurioner [Hesunk**)
*) Texnunym, Hagedpa cmpoumenvunx ssamepuanos, I3 pio
#) Tenaomexna, 1. n., O.osoyy

Heeaesopannr pas:uraist GaszoBoro cocTaBa i MUKPOCTPYRTYPLI 00PA3NoOB NiMTOBLIX Ma-
TCPIAJAOB, N3IOTOBICHULIX 113 KepaMiueckux Bosoxon PECHCTINRC P 12, easaunnix 1vniHo-
semneTuiM resmenToM CLRAP 71 uan m-nemenrroM ¢ j1o0aBroil naur 0e3 jlo0aBiki Bhle0KO-
CHIMKATHOrO YHOCA — 110cs1ie Tei10Boil odpatotin ;o 1300 °C. B oOpasnax ¢ Al-iemenrom
I CIUBIRATHRIM YHOCOM Boamnnkaer ot 1100 °C emech amoprura um resemura nomnmo GAa.
I3es yHOCA BOBHHEKAIOT NCPBOHAWLILHLIC Komikepimie amicpasini: CA 11 CAz napsjly ¢ MCHb-
medl jgonell CyaAq.

ITocaie rensosoil obpadorrir ;o 1300 °C Bosoxkma o0enX cepiii SBISIOTE {4 3HAMUTCILHO
PABPYIIEHULIMIL 11 00CPTLIBAIOTCH BATBCP/ICBIIIIM  PACIIABOM. J3 00pasiax ¢ U-IeMCHTOM
i CHIRATHLM YHOCOM 0T TeMriepatypu 800 °C jl0Kkazaio BOBHIKIOBCHIC BOIACTORNTA 1 OT
1000 °C y odenx cepnii odpazoBagie reicHnTa.

MURPOCTDYKRTYPa TepMIlUCCKI 00OpadoTanibIX 00pa3ioB odenx cepuil BIANMIO CYHICCT-
BCHHO HC OTIHUACTCS,
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¥ BOJIOKOH CMCCII ¢ CIGIIKATHLIM YHOCOM HET TAKOBOI'0 BBIPAIIITCILHOIO PA3PYIICIIIST 1[0
CPOBHEHHIO ¢ cepuelt O3 yrasannoif godasru. [Tpu Temieparype oOmximra 1300 °C obpasist
BIIOJIE pACILTABILINCE. I'MIHO3CMIICTLUT HEMEHT sIBJfACTCS VI HTOI'0 TIIIA [PHMEHCHIIS
DoJ1cC ITOXXOAI MM, TAK KAK O PCArMPYCT ¢ KAOJIIIOBLIM BOJIOKUOM IIPH TEMNICPATYPC HPMH-
Ost3urenanpso Ha 100 °C BBIIEHO CPABICHIIO ¢ Ii-1[CMCITOM.

Puc. 1. Cxesamunecrue peimeertosanucu 06]7(131{.0(;‘ C 2AUNLOZCMUCINIDIM Y CMETLINOM.
o)

A — a—ALO; G — Al,O;3. 3 H20 (eubcum)
B — CA H —- C3All¢

G —- Harvyumn K — C3A . CaCOs3. 12 H,0
1) — CA: M — Myaaum

I — Clz."'\7 N — CAH 10

Puc. 2. Cxesamunecrue peremeeroaanucu 0{51)1131{()6‘ C 2AUHOZCHUCTM LM YCMEHINOM U CUAU-
KAMHLLM YHOCOM.
1

B -~ CA A"~ I'eacnium

G HRaavyum M — Myaaum

1) CA, N - CAHyp

G Al0s. 3 0 O ~— Aropmum

(2ubcum) V. — Bamepum

LPuc. 3. Cxemamuueckue perunzenozanucit 06paalos ¢ n-UeMEMo.is.

C -~ Haavyum J —B—CsS

T — C4AF R — Ca(OH),

3 Leaenum U — G3S

I — C3A W* — [lcecdoco.aacmernum
Puc. 4. Caxesmamuneckue pepmeenozanucie 06paszifos ¢ R-YEMERMOM U CUAUKANNHBLMN YIHLOCOAL.

C — Raavyum R — Ca(Oll)2

3 — leaenum Y — (35

J — B—CaS W — Boaaacmonum

W — llcesdogonaacmonum
> Al-yeatermons (1200 °C).
Al-yestermoas (1300 *C),
> Al-yesterimost w cuavsamnviseynocose (1100 °C).
 Al-yeaermon w cununanm nus ynocos (1300 °C).
> n-yeateranon (1000 °C).
> n-yesterunos (1100 °C).
> n-yestenmost w cuanramusia yrocos (1000 °C).
S n-yestenmost w cuawramu yrocos (1200 °C).

Puc. 5. Pecucmenc
Puc. 6. Pecucmerc
Puc. 7. Pecucmerc
LPuc. 8. Pecucmerc
Puc. 9. Pecucmerne
Puc. 10. Pecucmerc
Puc. 11. Pecucmerc
Puc. 12. Pecucmere

A acaacaacoacaac

KRYSZTALOVA STRUKTURA PYROFYLITU bola spresnend na ziklade mono-
kry$talovych réntgenografickych udajov po R-faktor 0,060 (Lee Jung Hoo, GGuggenheim S.: Am.
Mineral. 66, 350 (1981)). DoterajSic vedomosti o Struktiro tohoto polytypického minerilu sa pre
nedostatok vhodného materidlu zakladali iba na meraniach neusporiadanych krystilov alebo
polykrystalickych prepardtov. MonokryStily pyrofylitu vhodné pre réntgenoStruktiarnu analyzu
sa nasli na neddavno objavenom loZisku nedaleko Ibitiarar Bahia v Brazilii. Lozisko je hydroter-
milneho pévodu o velkost kryStdlov pyrofylitu dosahuje az 5 em. Vysledky Struktiarnej analyzy
potvrdili polytyp 1TC v sthlase s pé6vodnym modelom 3. B. Zvjagina.

Durovié
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Fig. 5. Resistex with alumina cement Fig. 6. Reststex with alumina cement
(1200 °C). (1300 °C).

Fdg. 7. Resistex with alumina cement and Irig. 8. Reststex with alumina cement and
stlica flue dust (1100 °0). silica flue dust (1300 °C).
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tew acith Portland cement Fig. 10. Resistea with Portland ceimnent
(1600 °C). (1100 °C).

Fig. 11. Reststex with Portland cement and I"ig. 12. Resistex with Portland cement and
silica flue dust (1000 °C). stlica flue dust (1200 °C).
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