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Summary of content

This is 2 monograph of inorganic non-metallic materials or ceramics. In this book , the authors
have collected a definite quantities of representative pictures accumulated from the research works and
testings works concerning the microstructural studies of ceramics. Based on the principles of ceramic
science . the authors described and discussed the formation of microstructure and the characteristics of
binding or distributing state of ceramics,that may be provided as the theoretical basis in the evaluation
of qualities of products, technological control of process and in improving the quality of production,
lowering the consumption as well as in the designing or in researching and manufacturing of new ¢e
ramics.

At the beginning of this ook ,in introduction{in Chinese and English) ,the authors expounded the
essential principles and methods as weli as the developments of microstructural studies, then according
to the chapter series including ceramic ,refractory ,glass , casting rock,sinter and pellet, fuel ash and in
dustrial slag ,composite cement and concrete ,as well as microstructirte and property of inhomogeneous
materials, all of the above nine chapters are enumerated respectively. Depending on the pratical uses of
different materials,the formation of microstructure and the microstructural charactetistics with repect
to their properties were discussed and iflustrated. Finally ,the chapter 10 titled as “Fractology and its
applications in the microstructural investigation of ceram_ics;” was added. Here ,chapter 9, 10 may be
regarded as the important respects concerning the recent development of the discipline itself, It is indi-
cated that in this book ,both in pictures and writing articles parts are excellent.

This book is recomended to the readers who are undertaking research works or technical works of
production. It may be also recomended that this book may be used as teaching material or reference

hook for the students who ate studying in the colleges majoring in materials science and engineering.

3163




(TS RMEZNEHER) REEAS

. KR

: REA

. IR FHE E R

: (BHERENAA

IR el BuG ek

hEx Fdh BEH HXNE

HEL RAER SR HEDH

HER ARF BEin

;R GRD

: GLEERBAREEA A

c BHE F¢ e FO EHF

Mgade LER FHAE FEHFE

% 4R B

. WiE BRER AL Ham

e #Ed

. WY HEE OE O/ EAEH

: AERE AER HR#E

 FAW MHANE ABF

: Bag RERE O PaAK

: AL
¥ +#%. F e

EW. THSBEAABBEIRTARLENGE S T, AL THLHNEE, EX-HK

LR A "
(LB L XA A _
THI BfAk E F IAR EXE ERE ELRE PRY BF4H
3 f MER FEe [ RiHEx KEA BEF KR 4E HKka
B ik F24# 23+ Eu¥ HETr BHRE H = BENL AHE
B OB mmE RiG kMK RFE B 2 OEFE AL HES
TEA TAEF BKFE R Réem dai WisE i HHEA
BAkiz KIEI A HBEW

A T |
R T

y B > &
I
» &

d O W W e e W
Y& Sk B
R T

i
¢
W




FF

ACHLAEG B 41 iy MO B  DY — R0 AY . BT AT S I % 1 A S TS 1 P 0 A
TE AR 77 i BAR S TR WS R 8 R R B MRS R R IR EL M,
BA LA ERE R RE RS OIS BAA R A B S T8, A LA

A JE KT T Y E B B AL SR RS — B R ITE M %
HERIR GRS (5 BUBI B BB e KR DB AT ) 457 b s - SR B 9 1. T
LRI B G AR KU RO BE L bR R B RS S 10 R AT SRR

ARBLENFREN TETEA X RS RE . 507 2 B MW AT RSB ER,
KT E PR R e . SO L B B A

AN WRESNEN BET RSN T, RS AR B, g T
BLIA AR IR 277 T B9 A 8 B8R A0, 3 st FAS A BT WL £ 08 bdsHBl o v 7 fl a8 31 ) ke
Rt AT THR R 287: BB r A ATy 2 2 A LR, 420 7 Realt T 2 ho 5 i » T 1314
S LA A R i LA R BRI T IR B0 5 1 L SRR BT A

B BRE—ARBNCEAM R TAFN B SRTGEMESE 34,

7 Bk
1994 4 6 f]




F =

B R BOAR B B My L RE TN 56 % o A0 BT LA th SR AR B0 A B i, Rk 1R
HE Tk Aol E B B SR REH &3 I IRER R L0, THLIE SR A B i 2B AR
WEABH . BEEARFAER TTHER PR RSB H S RSP, B E AR
WHTER . X2 ARERE S A S8 DRSS TSI IR EN . M BT R,
AE 5 BPRHEREA G B0 8 U 58  AOSH R RER PEAT ; BB A BB AR R R B 9T R AR P T
ZABRMFER AR SR S S E . MEET BB U EXNES RS
BRABUE, BAH HERANB MR REE LHNENEKR. B, BB
& AR T B SR B A RO R IR EH B, AW R T X —2H M ERARE.

(AR SR A8 B R M4 B MR Y RE 2B — R AR 2 W IRV E &R Ak BI%E
WHFARENE, NiZERR T 700 RIBABH A ESHEM B BMEAE U X ERRE
ML WER R R AR SRR TRE R A SERENESRAENE
AT AE LRt B R R L A PR L AR 1 2 R 56 2R L AX U0 BRI 1 R DR A9 SO, 1
AAANRA . T X — R AE A SRR A P R BB R A VTRl R e B R T A B e
BESE BN 1 AF K BA N O S SRR R L A 2 A TR S R B 4 B A P S A
Fo WR L AEBAME - - 3 EFMR2H R A EREBE LT RS, W AR —&HR
BT AIMZAHAK A ERER SRV SR E R AR AATEEN T ARME.

ABT 1986 FIREHEXEM BB P EM2ELIESEM LS LHMR NS
N2 SRR FR YRS E NSRS e BB RUAS. HRE L
LR RIS AN R A BT f A RS BT R R B S ISR . b
B K HRFER CRR T A EXME R %, 1 PEBIFBR LR T TG
REFEEF M HILBRARMES A | BUERBERSREE T X~ E R
ARFHRIEWE L AT LA RARE . AT 1992 FHIAF R ERAXFFR AL H
At R DL R A B B A T B TR

B TABREE RN T K ? B REA RN, KR MESERH )
S W, B P HEIR TR B, &8 T RATE R T X R F AL A NTHYIEF O A1
HEEEFRERM T, EESERERREED, SOBME -EEWE Ereife, OIS S
M EBKE . TR A S E 5 0 R AR Tl B SO Al 8 R 2 29 iR
i 8, L F & - R W BB B0 RIEX A AR5 # T8k % 2 T 1 _L1EA R YK

R BT NSRBI A M2 TR R BARA B KSR
ARERS AR AEFREEHEZAME, WARE Y EFFERRAA EE YEER 5%
.S LE P BEF R, LRIV AW CHIAF SRR B2 TR, U R
R AT, UL R SORE MFIR 2 75 B 82 21 ALK B 2 R R BT

FER
199446 A




W OE B &

(EAEE BB B A E D T IR BV LT R P Epar & . YR A 2 43 i) 2
2, O PR FN TC e KR L R AR AR 33 g 4B L S PR i REREART L . TR S LA R L i
PR U XABRANR S B AR RE A T BT RREE LN,

2EHINESBEH LU EMRFEZAERAREH RS THERY MEREAHK,
ZFE BT 1986 AR AU A TR BOL IR ¥ 40 55 B0 AT % 3 00 S 480 o h M i e 6 L B 0 S
CARBEIEE; HIEF T EARZERE. PEBFERA RN IO TSGRk T B4
BRARTF SHRE R HLR  RRRT B HER, LB FRN. R ES HEHHF
5 WEREBL T RERE N, SRSV R ET T HUE K TAE R R 3l 81t 4R
oMb E RS . EREMRAAIT ZE REIR SN LI, A T
HRF T THREMEIE, e AN LR T TIRAW TR FY . R ER S HETERR
DL 7 AL et i LR P B T Bt LU BE 2 A T E SR A %
T T ABHRAEREFEF QDR IEABHHBRBEE T RVE LT SRR
X MBEEET AR TR LERI M AR BRI AERTE, EREEEF G X TRTR, K
R Z L EH N ERBRNAXE M. ARBEG R HE AR EERANE LSBT
152 B % e ZE A Pk B 1 P i L2 AR 2 Sh s A B SR WOHE T X AR TUHLA L B B B R B
BRI T U AR SESEAR i B T B 8 A 2 T A A AR SR ARt
R F A E /BT RSARENHETEL. £HATFHRUNAEANRE .5
FOA 8 T ERTES XN N 2FEBTRULAF RS RER NN TR BHET
YEHFIE AL R 38 A BB 76 1R LR, S BR T R E L HLIE & R AR B 3 M AT 7R Bk
B 7K R B 4 T M () 5 2 2R B Cory AR AR AR

UK AR A 2 BT LARE JGUR R - 5 2 e 5 A 4 8 T4 B9 45 ) o5 A 7 1 LR B e
MRS AN BT - ARANRBIS S R AR ERREE L G238
EREENMBRZERRGHFEPHEHNEXER, B, RERATESABFG K, TF
B H T A, 5 EA Bas R H R ARE AN S XEKEERFTURRERE W
R

BT, SO R A AR AR AR A B N A, B T O R I AR h A
s R BRET A BH AR NS R BREWE R T2 —H B LA R

BT 20 1 . (6] B BR T 4R 2 1 22 PR K OF A 5 ot B 2 ] R g i O e R B ) ik
ALAEERBTEA R RN CFR TR (AR P EIOWE T A AR 4. EF R TR
R R BAEBNSITRNEBEERERE.

m &
1994 4 6 A




INTRODUCTION  ssereonransars

0

0.1 THMELHRT FARDIE BRERTAIMIDEERE oo oo oo

0.2 BREHHIFLNTIR
0.3 ﬁﬁikdﬁ*ﬁ&%i%%ﬁﬁﬂﬁ%ﬁ%%g

2%k - R e rrmeenr

m%ﬁﬂﬁ@iﬁ *Q..... PP P

Absiract [T A L L LT T T T L P P T T Y

%I an e Esaman e R L L T T T L T T P P P T

ﬁ%ﬁﬂ%ﬁﬁ&%ﬁﬁﬁﬁ
R MR
LHEEY BINE AT
FEE LYl TN B MS T
ThEERE B0 B WA Rk

_ e e e e
L= B S T

ﬂ?ﬁtﬁk

T KBS RIS B ove vreven e mre memses st et aansus frtass sr su sbsns mam et sn e s s s s

= (73

_jﬁ& MesiiasisssmmEEamaErEELIEaL b ais

Abstract v -
2.1 Sio; Eje MEOE B e

2.2 AlyO4-5i0, ?ﬁﬁikﬁﬂﬁﬁﬁﬁ%ﬁ

2.3 ZrOsAlOy—SiO; Bl KA I AT BAGEEH - rreee e e st evennnienn .

2.4 MgO-R,0; Bl KA B BEIEAT rreme e ee s b bt st st b L s s s s e
2.5 MgO0-Ca0—C ZEM MAT IR BEREEHY oo moemrerr s mmr e s e bt b s a0
2.6 SIC-Si:N, BB BEE  rrrrreererrricrnen

SEA TR ar e reeeneestsssenteti e nra s s s S e e e 4 T LS eLe R Eea kan Ae e e den srnnee e s

BE

Amt_ract AR A Rt AR R A AL A RN SN I A NP RN FRA NN AT
3.1 BEBRESAKEL -
3.2 SREAM RS -

3.4 HEMES SRS BEPHBNEHRRRE -

gi{t@giﬂs;;$}nggﬁg;rzg;¢ﬁq§@ﬁ¢£*¢g1§§£ et e e en b erasaere fossas

ﬁﬁﬁﬂ&{}ﬂﬁﬁm B R E m A mea mE s e b b b BB BEL AN SN FAE BT SN ORI RO BRI NN Ry
arasaain e P A 1 1 )
- (102
- (104)
T S 1110}

3.3 BEET A RITE KRR N B R H B EBITGE e s s e
arrrrrsenens « (116

(D

(26)
27
< (3T

B N €. 3D
0.4 ﬂﬁ#ﬁ@ﬁﬁﬁ:pngmamﬁ,ﬁ

(42)
+ (42

(44)
© 4
- (4D
- (45)

= (48)
- (bd)
= (b6)
saeeees (60)

- (64>
« (69

-~ (72)

7%

- (7B
< (75

= (80)
- (85)
= (90)
= (96)
- (98)

(100)

(102)

a1



10 FAIE £ A4 BB M

3.5 HRALSAEAEIRTBHSWHUTT -

3.6 SRMEHIBRMT -
B%R s

4 BRI BREER ereeieenes

i
ADStract seessesansn .

4.1 BWOWMLREREHDH -

1.3 BEEMET LT GRMEER orreromareorrineseiniecoraas
1.4 BRBEHESTEZSBWMEW -

ZE M

5 EEH SERET B e

WE

ADSIITRCE  ssvessnssaissns

5.1 HBLET" eeveererecseeressssinsemssns i s sr s sn s o

5.2 HHY -

5.3 BeHET TIREIT B AL oo emenre s

Z% MR

6 BISIKIES T AL T BRELEA wevrereerrseernmmmesressrenssaissssansassas

e
ADSITROL ~oremremsacsniraininnasnvires

&E3W

7 Eﬁﬁﬂﬂljﬁﬁi%w tebsssasiacasibruan

kS

ABSIIACE srreerearare
7.1 HERESHER -

7.2 gﬂﬁﬂppiﬁﬁﬂﬂmﬁa%m e

7.3 MREESHENBNEN -
25 W

8 JKPELMEBEL K BINLEN -
LS

ADSITACT rrensvmvess

8.2 %ﬁfﬁﬁfﬂ&ﬁbﬁﬁfkﬁﬁﬁ et i b s b s e
8.3 TEEELGUBENLEM rooerrrerensesannionesacansiriones

= (19
+ (122)
+ (123)

- (124)
ceee (124)

< (124)
weee (126)
- (128)
- (131)
- (133)
s (135)

-+ (138
- (136)
- (136)
- (138)
- (150)
- (155)
< (160}

+ (161}
- (161)
T N S 1 1 D |
T % i 1 o L L L LT Ty T TP PPV
6.2 FHEH e e
6.3 ﬂ:Iﬁ P T P

(163)

« {168)
- {173)
- {175

+ (176)
- (176)
. (176)
- (178)
- (180)
- (181
< (185)

- (186)
- (186)
- (186)
- (187)
- (193)
- (198)



g jEj@ﬁﬁﬂ%ﬁﬁgﬁ@&ﬁﬁsﬁ R AT AT TTTPYET PRIV & 7,0 3
T O £202)
A DB ACT o rrrs s e e et e e e rr e e b e ate e e eE AL ana e rraaea e aa eSS b mrn man n oo rre s sen srs €202
9.1 A - FETTTTr. T e e s e e s s e e e e (203)
9.2 qpﬂﬁﬁﬂmﬂa#mﬁﬁg Tt b et e s s ressasss s aan s ene (203
9.3 ﬂEﬂﬁﬁﬂ?ﬂﬁﬁmﬁﬁﬂmﬂﬁ TRt et s s s s s sse s s asenne e (205)
B UHE e e P Y PPPP PP pRprRpy £ Tc% 51

10 %%%Eﬂﬁﬂi&ﬁﬁh‘ﬂiﬁ&%ﬂ?ﬁ?ﬁ?mﬁim .......................................... (208)
e L e e e s L d ds ek E R h e 8w a s Hoa e A0 e Ko E R 404 ba R E 4 aa8 66 hn kR Eaan bat nn e rn s gn mrn s aan {208)
A T Ol e ettt e n et e e e e e e R e L R EA eSS NN mEE Ak 4 e Erh ah e A man s st wennnn ves g 208>
10.1 ¥4 R L T DN (209)
10.2 EEE B R O ST}
10.3 4 B i R L TR TR TU IR UTS PRI PRI APPSR &S 115
10. 4 Ar¥sEpRisyy: T e s e e L s e s e s e i s e seses s s ine (2]])
10.5 5}%&;‘-&&(}2—5@;}1%&@ B R L L R L PR TE R POUTCTPPTTISP I RSP OLPPRPPeporpvy & 3%
10,6 FEUHERUM B IT R  ~revrromrrr mrrrente e et it dtn et aae aes s tnaen en ten g s rrearn nen 008 ve nes oararn on (214)
10.7 AFETMEMBEI I «orrreorr i vve i ettt e et a0t e e e ees rv s rnerae s tae sraeerees sre rreeen (2153
T0.8  FBEH  rerettmtrrrrer oo e critea e tin s aer i nn ms bhn e raes aaaeet ak nrn Ak ttn nn s ean e ronsnn aenans ars (219)




MICROSTRUCTURE OF CERAMICS

INTRODUCTION

1. GENERAL ILLUSTRATION

In the progress of materials science,a great attention has been paid on inorganic materials, which
in combining with metals and polymers constitute the three main pillars of modern science and  tech-
nology.

In otdet to investigate and improve the properties and the quality of inorganic materials, various
kinds of methods and techniques based on physics and chemistry have been used to solve the key prob-
lems,and a great development has been reached. It has been realized that the microstructure study is
one of the important links in practice. It should be noted that different technologies can be used for
making the inorganic matcrials with more excelient propertics, however ,these properties are closely re-
lated to the microstructure. For example,the formation of glass-ceramics and transparent ceramics was
discovered to be dependent on the change of their microstruciures and the special properiies of mica
glass —ceramics which broke the limit of mechanical property of alt these materials,such as glass,ce-
ramic, metal ,and polymer , was also discovered to be dependent on their particular microstructure. An-
other example, the ceramic based composite,toughened by zirconia, used as a part of machine which
possesses outstanding properties covering high temperature resistance , thermal shock resistance, high
mechanical strength and toughness is one of the new materials with special distribution of stress , caused
by the presence of additives that make the phase transformation of zirconia only partially due to the
control in techneology.

Therefore ,the micrastructute study can contribute a deep influence on the inorganic materials sci-
ence it can also play an important role in the breakthrough of material properties and so should not be
depressed ,or even neglected.

As we have mentioned above,sometimes, mictostructure may be confused with the microscopic
structure of‘atoms. Actually,in the former,the particle size studied lies in the range above several tens
o at least several atomic radii,i. e. from Lnm to several tens nm,or even as large as 0. lmm. General-
lv,in each particle there should be an independent phase. Whereas in the latter the dimension of the
atomic microstructure to be discussed should be limited under the size of lattice cell. Accarding to above
standard , it seems to be suitable to take the size scope as a distinction between them. But if one wishes
to know the images in details, during observation of minerals, rocks and inorganic materials or their
products, satisfactory results can not be obtained from the low resolution optical microscope. Along
with the progress of research technigues and the development of modern instruments, they give new
energetic forces fo activate the microstructutre study of inorganic materials. Among them the adaption

of some special techniques of microscopy (such as dark field illumination method )and simultaneously
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the creative application of phase contrast microscope , interference microscope and interference phase
contrast microscope can improve the working ability of optical mictoscope so greatly that it could even
provide such information where the electron microscope could not yet. As a matter of fact,the applica-
tion of transmission and scanning electron mictos-cope have become the main method in microstructure
investigation. In addition ,the cooperative application of electron microprobe,various energy spectrome-
ters, X-ray diffractometer,electron diffraction, differential thermal analysis and differential scanning
calorimerty can contribute such a good effcet that the understanding of the relationship between mi-
crostructure and its composition ,phase as well as the property of inorganic materials reaches a new lev-
el.

It is well known that the history of microstructure development started from petrology. But due to
the complexity of structure involved in the silicate system,studies can hardly approach the physico-
chemical level,so it is not so progressive as that in metallography. Many studies were limited in the i-
dentification of phases or the description of binding state in the structure,and so too simple to interprete
the formation of rocks. In the later period ,the microstructute study was treated as one of the important
subject in the technological petrology research. However,the study on the formation of the phases and
the microstructures in inorganic materials has not really proceeded from theory to practice systematical-
ly. So, researchers must do much more works in the interpretation and evaluation of micrographs for
enhancing their study to a certain-logical level.

For approaching this purpose,the rescarchers started from the principles of physical chemistry,
which may be possible to be applied in the micrograph interpretation. Then,according to the images,
they can give a series of programs and methods based on every imaginable thinking,so as to feasibly
hold the essential rules needed to use in the microstructure interpretation. It can be indicated that it is
effective to use the comprehensive knowledge of physical chemistry, crystallography , mineralogy,
petrology , materials technology,and various analyzing and measuring technigues as the foundation to
interprete the micrographs and virtually make it clear,i. . how the material structure formed just as
the mictographs represented and which properties this material will show. It is revealed that the detail
characterisfics can be recoghized to realize the crystal aspects and the phase transformation processes in
gualitative deduction and to understand the relation between phase to phase combination from stereolo-
gY.

In recent years,with the development of investigation method in stereology ,mote precise or quan-
titative determinations on materials microstructure have been established. For the same crystal with dif-
ferent aspects,stereclogy generally indicates the relation of three-dimensional growth refiecting on the
two-dimensional mictograph. The arguments are derived from the process of crystal growth and influ-
ence of enviroment,and the stereology can be applied to determine the fractional weights of different
phases in the specimen,so as to playI an important role in developing and substantiating the content of
microstructural chemistry.

As we know ,the theoretical system involved in the microstructure study of inorganic matetials is
continuously substantiated and perfected. If we carefully creat and accumulate experiences and infor-

mations ,surely , we are able to add more abundant content to the materials science.
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Combining with materials science and technology, we now conclude the tasks of microstructure
study as follows;

1)To evaluate their guality ,according to the results obtained from inorganic matetials research
and the microstructures of raw materials, semi-finished products and products in the manufacturing
process.

Z) Through the inspection of defects in the materials or articles of products,to find out the form-
ing reasons from the microstructure and put forward the improving and preventing treatment to control
the production.

3) Though the microstructure study, to understand the cotrosion mechanism with respect 1o the
reactions among the glass or slag with refractories in kiln,in otder to prolong the age of the kiln and
provide the elementary criteria for selecting and using refractories.

4) Starting from the basic view poins of microstructure and physical chemistry ,to study and de-
sign new materials and intermediate products {(such as artificially enriched ores )in order to get the ma-
terial and product with ideal microstructure and excellent properties expected.

5)Though the microstructure study of inorganic solids prepared by uncertain technalogy or pro-
duced from the application of some materials,to understand their forming reasons and then to rational-
ize their manufacturing process or to improve their usage effect as well as utilize their by-products
comprehensively.

So, the inotganic materials microstructure study will develop in depth and continucusly play an

important role in the modern science.

2. RELATIONSHIP® BETWEEN COMPOSITION, PHASE AND MICROSTRUCTURE IN THE
EQUILIBRIUM AND NON-EQUILERIUM CONDITIONS

2. 1 Crystallization involving in the phase equilibrium conditions and the related microstructures

Thermodynamic phase equilibrium is always the main content of materials science,but in the in-
organic materials microstructure study ,the question that which microstructure will appear in a cerfain
physico-chemical equilibrium condition is always put forward.

As we know,in the preparing and manufacturing processes of in organic materials, the rate of re-
action in some silicate systems is slow because the components can react only through the diffusion a-
mong solids. Perhaps,for the liguid with high viscosity .the real equilibrium state can hardly reach an
expected degree in many conditions. However, phase eguilibrium is still effectively applied in many
practical systems (including silicate and non-silicated systems). Especially .in some special conditions,
even if the system does not reach the equilibrium ,the formed phases and microstructure can be still in-
tetpreted from the relation of phase equilibrium.

In order to explain the above guestions,now ,according to the rules with respect to the changes of
microstructure involving in the transformation processes from melt to solid, some phase diagrams are

summarized. The typical binary systems are given as follows. The characteristic microstructures got
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from different crystallization stages when the system has reached equilibrium are shown in Fig. 0-1-1

to Fig. 0-1-9. Other complicated systems can also be inferred depending on these rules.

8

Fig. 0-1-1 Phase diagram of binary system with eutectoid and the change of

mictrostructure for the composition of P during cooling process

2. 2 Polymorphic transformation and the related microstructure

Many phases existing in inorganic materials are characterized by the polymorphic transformation
in solid states. For example,silica,alumina, zirconia, 2Ca0 « Si0.,BaTiO;, Na;O » AlLO. « 280, etc.
can transform in their structure under different temperatures. These processes are called under one
technical term as phase transformation. It has been noted that polymorphic transformation given deep
influences on the properties of materials and products,especially ,it brings about volume change during
the transformation. Owing to that it will also be reflected on the characteristics of microstructure , usu-
alty ,one can understand through the microstructure study how the polymorphic transformations occur,
and they will be proved by the morphology of phases,optical properties of crystals and the phenomenon
that whether twins appeat ot not,and so on.

For Si0; system ,the different products of polymorphic transformation (with mineralizer or with-
out Yare shown in the following equations .

EYELM 870°C
F-Quartz - a-Cuartz a- Tridymite

(with mineralizer)

(1060°C
» a— Cristobalite )

{ without mineralizer)
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A~ tA+B

Fig. 0-1-2 The change of microstructure for the compasition of P during the cooling

process in the binary systern with eutectoid

Fig. 0- 1-3 Differences on the microstructure for diffcrent compositions condenced

from melts in binary system with eutectoid

Fig. 0-1-4 Change of micrestructnre for the composition of P in the cooling process

of binary system forming in a continuous solid solution




