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ABSTRACT

The phase transformation sequence from pyrophyllite to mullite by heating is examined mainly using an energy filtering
transmission clectron microscope. Pyrophyllite is transformed finally into mullite and cristobalite through pyrophyllite dehydroxylate
by dehydroxylation. Pyrophyllite dehydroxylate maintains a long-range order in its structure even at 1050°C. In the early stage, mullite
results from a topotactic transformation of pyrophyllite dehydroxylate and gives a textured ED pattern due to aggregates of needle-
liked crystals having c* parallel to its elongation direction. Pyrophyllite dehydroxylate decomposes completely at 1200°C, which
promotes the growth of mullite in random orientation and crystallization of amophous silica to crislobalite.
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Fig. 1. DTA-TG curves of pyrophyllite. Endothermic reaction
at 611°C indicates loss of hydroxyls. There is no
prominent exothermic features, but only a broad, ill-
defined effect around 1141°C.
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Fig, 2. X-ray diffraction patterns of the unheated and heated
pyrophyllite at various temperatures. X-ray diffraction
pattern at room temperature shows this material to be
monoclinic pyrophyllite with a trace of quartz as the
only other detectable impurity. Dotted rings indicate
merged and split reflections at 20 ~ 22°20 and at 34 ~
38°20, respectively. Mullite peaks appear in the
1020°C-heated specimen. No intermediate crystalline
phase likc the spinel-type phase in kaolinite-mullite
reaction series is detecled.
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Fig. 3. [001] Electron diffraction patterns and bright field images of pyrophyllite (a, b) and the 1000°C-heated pyrophyllite (c, d).
Diffraction pattern of pyrophyllite dehydroxylate retains diffraction spots of pyrophyllite as well as its pseudo-hexagonal

symmetry ().

A AP E EtolE2] AREe] WRMRiel, 7t

3 7] o)A teke Lol FoAESt eAE A%
9-go] B THFig. 5(b), FARE FA)). H]FZ 7]
o13h= diffuse ringS 1300°CoA] AlERAIR, A]2ELE}
olzg] FETHo] wix] wAFY ZAMYE PHEHFig
5(c)). EEtelE AR é 1 40~100 nm FXE=Z, 1200°C
el Blasle] AA A5t h(Fig. 5(b).(d)).

4. 1 #

4.1. Pyrophylite dehydroxylate

DTARA Zae gale] 4287 ok 400°Cel] 4| =hater]
800°CellA 71EH % ¢F =[], pyrophyllite dehydroxylate
2 Apdolahe xA|ET} Fdu-go] Bt ol 1000°C 7}
AAze) X-A3)E B A} dixeln EAAET
A BY Ade 2% (OH) 9 AANE B3I pyrophy-

SAlEe A

llite dehydroxylate®] #3571 ZAA7}t 5‘] S BoFEY.
Z, m7Ag e F7F, el Jd7=e] ¥l ‘%12#1174
L1—(20~22 20) 2R =(34~38°20) ﬂﬂs}mg )8 Y ¥
w49 |G ARAA ool 2o B ]
A7} dElE A HElEHA S@de] EaEA] $AY
Mzo] A=EE Aotk (100) B3 (010) B AAZE
1% W2le] Has 2y B 7] JH=He] FA
Ho BT FAPFR E;tE}(Fig 3(c)). ol& g wEe
ARHoZ dofuhH, o] FHEEVe|Erf HIF A 717}
& metakaolinite® AR HE A 43 e &
olt}. XAFARM = AR EEA AP BF pyrophyllite
dehydroxylate®] TZ7} @4e] 7R}t A thEA &Y,
Z wine] exrleld gAlETE 71Ee] dpAn )
91- A =gkt
ol&@A Ao AF7] A7} pyrophyllite dehydroxylate
AN fAEE olfe, de A% TE(Fig 6)elM S

o



EF-TEMS ©]83 J& Belo|re] 4hde] B4 203

Fig. 4. [001] Electron diffraction patterns and bright field images of the 1020°C-heated (a, b) and the

0.1 um

i
1050°C-heated pyrophyllite (c,

d). Subscripts “pd” and “m” denote pyrophyllite dehydroxylate and mullite, respectively. Mullite crystals, which are indicated
with arrows, are formed near the edge of particles at 1020°C and coexist with pyrophyllite dehydroxylate (b). The mullite
needles are oriented in three directions at 120° to each other in the specimen heated at 1050° (d).
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Fig. 5. [001] Electron diffraction patterns and bright field images of the 1200°C-heated (a, b) and the 1300°C-heated pyrophyllite (c,
d). Rod-shaped crystals of mullite, which are indicated with an arrow, in random orientation result in dotty ring patterns at
1200°C (a, b). Cristobalite is formed from amorphous silica (c). Subscript “¢” denoles cristobalite.
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Fig. 6. Schematic drawing of 2:1 layer unit in pyrophyllite
structure (after Grim, 1968]9)).
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