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Preface

Micromaterials and nanomaterials are very broad in the field of materials.
For example, micro-fiber, catalyst and cement are widely applied in aviation,
military industry, petroleum, chemical engineering, architecture and so on.
Material properties have strong relationship with its microstructure. Transmission
electron microscope (TEM or HREM) is a very important instrument that can be
used to study material microstructure at deep level. To use TEM or HREM to
study material microstructure, we must first cut a nano-scale thin film from the
samples so that the film can be penetrated by electron beam. Though there are
already relative mature methods cutting TEM specimen film from bulk material,
there is no appropriate technique in micron-nano material field. Cutting
nano-scale film from micron-nano material has been a difficult problem in
materials field for a long period of time. RTO characterization method has solved
the problem of cutting TEM specimen film from micron-nano material, and has
provided a useful approach to further develop material microstructure
engineering.

Author of the book is inventor of the RTO characterization method that has
wined national inventor prize. The book provides an introduction to the applying
of RTO characterization method in metallurgy and material field. The book
emphasizes on the micro morphology and microstructure characterization
method, but not to deeply analyze every example.

The research group directed by the author has cooperated with lots of
universities, academes and corporation in providing technology support by RTO

characterization method. Some examples in the book are from the cooperating



o g Preface

organizations and the thesises advised under the author. The author is grateful to
these organizations and individuals.

I appreciate greatly for the perambulating by my teacher, academician Wei
Shoukun, who now is over 100 years old. I am greatly encouraged and inspired
by his words.

The book has involved a broad research field, and the author knowledge on
this field is limited. There could be inaccuracies in the book. I would be grateful

for the readers to point out mistakes so that they can be corrected.

Author
2009-01

E-mail: fang_keming@yahoo.com.cn



KEREWR
iE B

AEAEEAREREALEBRE, &
20K SLIE P

WiHAFR: RTO 2 K632 K k- R Lk
AE &

KK E: FAAGTEAKS)

EES: 2006-F-215-2-04-RO1




?
=

|

i
|
|

(I

b
=

|

f
|
| = I

H
[1]
| =t \’n !\

o
=
\ﬂ#t:ﬁ]ﬁ\ll!l

I

H—RE PR -SRI EE i R AR A

POR-AURM RO EE MBI T BB RIETE  ooeveeveeeneeneen.
o PR -4 KB R R, £ A Y R AT - S S ot
o BOK - k G 4 R 4E H th R AT - o RS AS TSRS 45533
‘ﬁ%:%*éEﬁiAﬁ%E%ﬁ#ﬁM#W%iﬁ ssassssesssasssaseatoness

RTO &R B Y] R MOK-PORRAETE  oeveeeeeeneeneenes

+ RTO FRAE % 348K — 49 K BAL i Aty R AL
+ RTO RAE 3% 3t 8K - 48 K 4 4 K A oy R AE
« RTO RAE# X % BB A A Rl R AL RAE ----

R ROR-GIKRBURLEE RSO EEH) FAE

ﬁ*%ﬁ%ﬁﬁ?ﬁ#w&%%lﬁﬁ%ﬁﬁ%iﬁ-w~mmm~mm
. 84K CdSe 4K H A4 A - VR ——
\*%ﬁC®e%*Eﬁﬁ£d&%iﬂ

A T P O L5 I RAE oo

~%Miﬁhﬁﬁﬁﬁﬁéﬁéﬁm%ﬁ% &M RALE -

ZRM BB B G M RAE -

RN K B TR AT G FAE  weveveveeerrersnrereeessorinneaescssonsnnencecens
%ﬁ-%ﬂ*ﬁ&% %gwu%miﬁ ....................................................
WA A 3 TR e e

HRWHEFTY

AN BB E Y e stediaiiobition i sdosees

AT AR AT EE A FAE  cvveeeeeeeenes e
G BRI R AL - oo ittirseardeiinieesy shsonbastnnenes sennmisss dhysibsanintinaioes ssess
%%*Rﬁﬁiﬁ%ﬁ% e BT e snansnsomonsved pénssiaprissmriilomonghuain ks siuiss
\ﬁﬁ*nﬁ%@g%mbﬁ.mmmm b4 SN af poiie e T L oI S vamias
BB LA T R BRI M -oscriorruntucisrnsernrnaniasstnnannbishebiansbnts oee
. ﬁ%%%*}*%%‘%%%)ﬁﬁ,h D T

O »n A AN = =

12

14
14
14
19
19

s 21

22
23

- 23
- 24
. 25

ceee 26

36
43

- 43
- 43
66
- 93



H X

#
=

| = 5k M

i
>t

| = & 1

f o > o0 S HOE

&
3y
o

|

+ >k E D

11
|
|

%
1l
-

|

v SRR T B R s chiiiatiodsan i nids s idnns cnans s senusn e SN i ARE 6o et
B EBE T A BRI NE TR ceeercecerencinnniiiiienn,

R A SURL 0L T SR SO 45 4 RAE -

‘iwﬁﬁﬁﬁﬁﬁ%%ﬁﬁﬁ%%ﬁiﬂ-mnm-
v A R BRI B o S 4 A R AE -

F bbb R K DR RRIE -eoeer

YUK B 2T o 0L 45 4 B R 0 B L T BAMOBERAE -

TR TR YN GE R FRAE  wvvveeonevneenennanns

== 103

113

coneies 115
oo 115
- 122
“eecescssssscsccescsscesans seccescsscns 125
R E AT AT LM AL coecveerenmnrmrnmntitiniitiini e e e e
IR R Y B4y F IR G5 K FEE weeevnoeennnnnnsannnns
B L L R AT AR e eeeeeerneenennnanan
- E W BN A A
BT I LE A oo eeeenennennnns
Y RS TFREE AR R ceeeeeeeens 2RI 2 A A M TR S e
v R LKA B Y T TR eeoroseresaciinnnriniemsanrassenssesassnnssonsss cusasenns
 FE B E BRI PLI L AL oveceoreversssesssrmeantanncssionnesannrssscsases
s Y R FRHESBEFERP B boerersebtorennionseivsssiossvonndossiivsassanns
CHEY RS TFREASHBR B ERTRALIE ccoeereeenereenenniiiineitianinnaans
TR B R I MU T oea et at it i S dess dhniannasoon sonanabbomsannt sbvavanns
v B MR B R AL BB M RAE  cooorerermrrornsserecneeannanaans R e
v B B R AL B MY FAE  cvoereererennensennsnernnesnansrinnnennns
oA R BB e T AR b I B RAE oo
B RSB FAE  eeeeeeeeeeenennennannns o s artb il
v ALO, KB RL BN TU BRI ZE A cveveeeerernmnenne e e e
« ZrO, TR A M LE A AL oo vevvneneeeenennnnes
. Ni(OH)zﬁﬁf&méﬁ*@ﬁ/{E B T P T PN
BB LD S DT TEEH AL ooosoosesersssasssnassaranasssssrasansssassacans
R EE R R ER T EDA B EE oveereeermsartcsisccciniinntoasierieseennes
K BN BRI B M FRAL  coeoveeerrrerermsniiitiiiiinaniinitiiinniennes

W BOR-GUREFLEAM RO S5 1 R AIE

127

- 135
esssse 135
essssane 137
cseee 138
ssessces 139

141

=+ 143
cevee 146

150

= 154

162

== 162
== 164
seces 165
soes 175
< 177
== 181
== 182
- 182
-+ 183
== 184

-+ 188

B T P R P T ) | o}

v PR KER LB AL EE Y eeveenemnreeet et e e e e

BRI A ceereecererensiessiiinitaniistiaieiinstsenosis

Nb-Tiiﬁ@EZ@TﬁﬁXﬂ%*@;ﬁﬁ
RAKABE A A cecercuerrsesisiienitiiitessiadtistenestesssinnsistesstsasssssassiensesene
. ﬁ?ﬁll@b—Tiﬁﬂ$?ﬁﬁ cesinsmeesesisaneve s sestensisnsioesavesesore vivessnesivases sinine e

205
212
214

- 214
- 216



H X

h
R

|

h
o4 |

|

>d R E

B
1l
| = oF

ﬁ
=
-

I

puEs 2 )2BEONE R i RO S A RAE

A B £ v T ' R R RO 45 H R AE. -

\ﬁ%%ﬁﬁﬁ%%%iﬁﬁ#%mﬁ% hesnemens
R AR B BOILEE Y e s

JUBAG e 5 O 5 M A e oo e

. ﬁ{t&ﬁ%*%*l%ﬁ%%{ﬂ tesscssesscencesassassassssessnsasesse
. Ag—Nb é}’ﬂ*g Eﬂﬁ}%lﬁj %mg\];&/mﬁ_ R TR T T

B A AR A B W RAE oeveeerreeesemsnnsnes

BALE 5 RAE A E WRAE e

m*%&ﬁxﬂ%mﬁﬁ R T L LR TR TR P TR

CTRERAT T ARG ELLL  ceeeveeeeeenennnee s s s s s
U BB T B[ RRHGELLY  eeveeeeeeeeneseeenesn s st et s s e s

B R TR BB RAL  coveeeeeeeeenssssssesssssse s s e
BN TEE G FAE oo

Bk T TIO, MBI RAE wreveeseesesssesescosssesnnmasss s
ﬁ%%%ﬂ:&ﬁxﬂ%m%ﬁ eesesesssesecseassscacsesesesssstacssse s sesesr et esscsnrsene
. ’%Eéﬂ*ﬁ*ﬁ—%&%ﬁé‘ﬁﬂ%%ﬂ% ceceesecesessessescesessctscssssessessscsccrscsns
. ABMRTR S FOE A AR BON L R AT RABBERAR oo

oo .. .o secsssscsssesasscsscense .e 241

=220
=+ 220
<. 220
suave: D0
O 39
- 223

223

ceese 224
- 225
sesee 228
ceee 231
cesen 233
- 233

235

+*: 235

236

-+ 241

247

Fis b AR S E IC A JCH s FL S o B RTHL T I P B R AIE

L et

|

o
|
\ﬁhﬁﬁpwt

H
|11
=t |

N
o
I
Eou

A e E G R ok %ﬁ%ﬁ&M%m

%‘Fﬂkﬁ/@:%%%%%fi‘&}ﬁ T T R LLE TR
- 254
cesee 256
- 257
.es R L LR TR TR R R L R 260

. %ﬁﬁ*;lf%%@*%%%ﬁﬁﬁﬁmla}ﬁﬂ A LT TR TR R P TR
: - 262
-+ 263

S FEL R LT ToE 2 A
#é&%%%%%& s

m*%%%ﬁnﬁ&ﬁﬁu

KRR AR A B KR

. jkm@ﬁ%%m{%%%ﬁ%%%%*%%%% P T TR
é‘l)"qq:;é %%%ﬁ%uﬁiy‘_‘ ﬁ%?iﬁ%iﬁ ....................................

»% 253
cese 253

253

260

264

-+ 284



CONTENTS

Chapter 1 Introduction on microstructure characterization of micro
materials and nanomaterials

Section 1 Common characterization methods by transmission electron microscope
on microstructure of micromaterials and nanomaterials +«sssseeeeeeeeeeene
1. Microstructure characterizations of microparticle samples and nanoparticle samples -

2. Microstructure characterizations of microfibrous samples and nanofibrous samples

A = -

3. Microstructure characterizations of multi-layer films and interface samples ---
Section 2 Introduction of RTO characterization microstructure method on
micromaterials and nanomateria's R R LR R TR |
1. Characterizations on microparticle samples and nanoparticle samples by RTO
characterizations method B I P I R R IR R P 5
2. Characterizations on microfibrous samples and nanofibrous samples by RTO
CharaCteriZatiOnS method D R L R R R 9
3. Characterizations on multi-layer films and interface samples by RTO
Characterizations method 00 000000000000 000000000 esesessrs st et st stesessssesc et acecsscss s n0s 12

Chapter 2 Microstructure characterizations of microparticle materials
and nanoparticle materials

Section 1 Characterization on encapsulation process of CdSe nanoclusters
in molecular sieve of microzeolite particle molecular sieve «+::=++<-+--e- 14
1. Encapsulation process of semiconductor CdSe nanoclusters «:«ssseseceecercececccccecces 14
2. Characterization on encapsulation process of semiconductor CdSe
nanOCluSterS 40000000000 000000000 000000000000 000000 000000000000 00000 esses0cs0 0000t sssces 00 a00n0s 14
Section 2 Microstructure characterizations on particle surface modification «----- 19
1. Microstructure characterizations on kaolin particle surface modification to

prepare titanium Whlte Substitute materials secesscsscssesccescseccscssasssencssssscsscsssasann 19

2. Microstructure characterizations of Al,O; particle coated <eccsreseerececcecececccccccces 9]

3. Microstructure characterizations on nano MgAl,O, particle coated <scsesesrecececcecees 22
Section 3 Microstructure characterizations of Tantalum powder and

Ta-capacitance 10

1- Introduction OfTantalum pOWder eecccsescessescsctces st sssssesesesssssssesssess s s arsessene 23



e ]2 e

CONTENTS

2. Production technology of Tantalum powder-«+*=+*-* 24
3. Structure and manufacturing process of Ta-capacitance =«er=ssrsessrserresneecsrencnencens 25
4. Micromorphology and microstructure characterizations of Tantalum powder «-««-----: 26
5. Microstructure characterizations of Ta-capacitance=========***** 36
Section 4 Microstructure characterizations of several typical graphites in
cast iron 43
1. Study background -ecceeeeeeee 43
2. Morphology of several typical graphites in cast iron =+«+s=+===== 43
3. Microstructure of several typical graphites in cast iron - 66
4. Heterogeneous cores of spheroidal graphite in nodular cast iron - 93
5. Metamorphic regular of graphite in cast iron - 1 103
6. Twotactor theory of graphite spheroidized during melting nodular cast iron ~ =++====** 113
Section 5 Micromorphology and microstructure characterizations of
powder contain Tungsten ««-x==xeee =S
1. Micromorphology and microstructure characterizations of Tungsten oxide
powder seesl 115
2. Micromorphology and microstructure characterizations of Tungsten carbide
powder o 122
3. Morphology characterizations of coarse Tungsten carbide crystal grain in
hard alloy 5125
4. Morphology and microstructure characterizations of compound Tungsten
carbide powder -ceccecceeeeneer - 127
Section 6 Microstructure characterizations of Y-zeolite by hydro-thermal
synthesis «-+esesseeeeseceeees - 135
1. Chemical composition and morphology of kaolin #1535
2. Microstructure of kaolin =2t 137
3. Microstructure of metakaolin - 138
4. Microstructure and properties of Y-zeolite -+ 139
5. Hydro-thermal synthesis Y-zeolite by metakaolin =+ 141
6. Thermodynamic condition of hydro-thermal synthesis Y-zeolite - 143
7. Change of solid product morphology in different crystallized time ---* - 146
8. Characterizations on Y-zeolite by high resolution electron microscope - 150
9. Prepare and mechanics of nano Y-zeolite composite materials <r--- - 154
Section 7 Microstructure characterizations of several particle specimens -+-«--: 162
1. Microstructure characterizations of stealth materials particle specimens **** 7162
2. Microstructure characterizations of battery materials particle specimens «++==*+*===*=* 164
3. Microstructure characterizations in process of particle materials for ship
COVEring +eeeerersssnensees - 165
4. Microstructure characterizations of carbonyl iron powder particle > 175



CONTENTS iq3..

5. Morphology and microstructure of Al,O; powder particle ==sc=reseerecsscececccsecccccne. 177
6. Microstructure characterizations of ZrO, particle 181
7. Microstructure characterizations of Ni(OH), particle «+=<==+=+* 182
8. Microstructure characterizations of Al-Li alloy particle =+=«s=esreoreseseeces 182
9. Characterizations of active element distribution in catalyst powder particle=+==+=+=++-+ 183
10. Microstructure characterizations of micro SiO, particle -- 184
Chapter 3 Microstructure characterizations of microfibrous
materials and nanofibrous materials
Section 1 Microstructure characterizations of Carbon nanofibre by high
resolution transmission electron microscope «:««sccseseereesececcenecneeies 188
Section 2 Microstructure characterizations of Carbon microfibre «::cceeecceeeeeees = 205
1. Microstructure of Carbon microfibre %205
2. Inclusions in Carbon microfibre « 212
Section 3 Microstructure characterizations of Nb-Ti superconduction core
s"k cessssssssescsscnes . 214
1. Nb-Ti superconduction alloy s«s==sseseeeseees + 214
2. Conventional Nb-Ti superconduction «er=s==seeee+ - 216
Chapter 4 Microstructure characterizations of multi-layer films
and interface materials
Section 1 Microstructure characterizations of photoelectric conversion
film of solar energy battery «+-«-sssseeeeeesessenes . 220
1. Preparation specimen of photoelectric conversion film for transmission
electron microscope study s+-==ssseseeseresennecneas - 220
2. Microstructure of photoelectric conversion film =eeeseeseeessneeneeneceeees 220
Section 2 Microstructure characterizations of several specific surfaces «««=+x+=++ 222
1. Characterizations on grain boundary of SiN powder -* < 222
2. Characterizations on oxygen filter bed of Tantalum powder =«==seeseeeeeeecceeeees + 223
3. Characterizations on affected layer of silicon slug during polish =----- v 223
4. Microstructure characterizations of Ag-Nb nanomultilayer microstructure =«===--+=-+ 224
5. Microstructure characterizations of TiN layer on hard alloy surface === - 225
6. Characterizations of ZrO, layer on Zirconium silk surface---======*- e+ 228
7. Characterizations on dielectric film of Ta-capacitance « 231
8. Characterizations on compound interface between SiC and steel -+«++-- -sss D33
9. Characterizations of TiO, thin film on the surface of single crystal silicon <+++*<*=+=*= 233
Section 3 Microstructure characterizations of optical modified glass + 235
1. Preparation of composite material of metal nanoparticle and glass - 235



.14 CONTENTS

2. Microstructure characterizations of composite material of metal nanoparticle
and glaSS by transmiSSiOH electr()n microscope ............................................. 236
Section 4 Microstructure characterizations of crack in steel «:csseseseseeneneninnis 241
1_ Crack initiation Of element segregation D PP 241

2. Crack initiation Ofrolling technology R R R R PP T LR P LR P LR ¥ iy

Chapter S Non-traumatic electrolytic separation method and
electron microscope characterizations of non-metallic
inclusions in steel

Section 1 Influence of non-metallic inclusions on properties of steel «++++++222t 253

1. Origins and species of non-metallic inclusions in steel «=++==eteseeeececeeccecicciceeees 253
2. Physical properties of non-metallic inclusions in steel «=++=ssseeseeeseescecccencecccecees 253
3. Effects of non-metallic inclusions on properties of steel =+eesseseereerencccncecceecees 254
4. Formation of non-metallic inclusions in steel esseeceseereccercecescescnccstacioncscnccccncees 256

5. Elimination of non-metallic inclusions in steel «scerecesesserecesectesncenentatnanieninienes 257
Section 2 Advanced in methodology for research on inclusions in steel ««+=+++-+-+ 260
1. Defection on study inclusions in steel by metallographic specimen method «+++++++=+++ 260
2. Defection on study inclusions in steel by aqueous solution electrolysis
method 86 600 000000000 000000000000000000000000800000 00000000000t esessscssssecesscsscssssscsssncssscns 262
3. Study inclusions in steel by non-aqueous solution electrolytic separation
method 60 000008 000000000 000000000000000000000000000000000000000cssossesssssscsssssssssscsscsscssass 263
Section 3 Morphology and microstructure characterizations of inclusions
extracted from stee' 4eseesccsesssecsecsssetessscesasscssscessssst et esesessesees s nn 264

Reference 000000000000 00000000000000000000000000000ec00ctcetsacsassassettessossassseseteess st oRsessete ot 284



B—E HK-PRSRRN S MRIERR

B BOR-GORADRNOU S R S 1 T Rl B R T AR AIE 1

5T BB R ORI MR R S I B F B B T B M — Bk
ST RLE S T BB S R E N T BB BT B R E R AR AN
TS MR . SRR/ PIAHRR A S ARBRFASE; i DL RS & AT LAR Y 0 R AE A
WIS AR AT . HAT, 4087 808 5 i 7 8508 R BOR 5 80— el i b 30
Jif%, @5 HRERIE G i F BARBE E F BOR A B | o 150 1 6%, R &R EMOR, B
A ik 1000~2000 J5 1% o

BT T BB TR — R B B AOK R KR . FHOE S R T BB SRR T
MEE RIS, BB IAMGRFE T U BOE S 7 BB PR AT LB YK E R, H
A, BN B L bR R g v AT LA R, B A Ty vk e LA B
P ARFE P DI EGE T L BB R T R AT LAEEIE I (H o, B A HAh B B R AT
L AHE S BOW 3R, B FH 58 T B R AR DI B P A h D) UGS S T BB
T HROAT DL % 3 1 A

Tl K~ KA RRRFE 3 T S R AT 20 Ok BUORDIR A . AR 4R FE . 22 IRk &1 S 1H 1
RAEE. T RIS SCHRRIRIE, I e B RE 1) fh 0 45 A4 FH 32 5 W 1 B AR B R AT SR AE 1M H vk
1E—Tajadk

— TR K R R R 5 4 B SR AE

B LT BB TR RT DU R B AOKR ORI RE TR AR SR AE 44 K BORL
¥ B BOUE 5 K B, A AN KU IR AE L b R R S AT 2, AR S T TBUCAE T
LHATES BT BB . HR T ARBRE S AR, A5 08N, A
RAE BRI A BLAR,  J0 I B R0 SORL A #4544 ol 0 0 e MR I, 2 B R AR AR A
BB,

BEH T RMERE TR - RAREETEWOR R ERBRAAE. WRERAHE
B2 08B AE O B AT R, W R U5 vk RO REAS B RS R B R, TR R0 ST R I O
YE Ry . AT ISR HUAE B OK BORE B R BT B R A UKL, EIE ST T BB T Ik,
AL E MR XR B T B RS, ERIRAAN, /AWM
WL B B A T S50 R 45 R B AR, T L el T A0 UKL R R o Ot AN G, DR, AR XEAS 2
HHEIBF TS R

B 1-1~ P 1-4 S FHBRAT 7 vE IR FE 3 5 i 7 S POBE T T 48 21 (9 SOR -4 K BURL TE 3 )
W .



s BE WOKR-GUOKPRIMON 25 M R A ik

Bl 1-1 FokirieEsEg (—)

i

Bl 1-3 Bk BHREMEG (—) B 1-4 FRHAREHESG (=)

= MOR-R A YR RN S M R AE

LT ST T R — R TT LR B AR 4R, R 7E 3 4 4 K 4 4 A RE I
OWAERIS, 0 W HE K LT R RE AE 2B R P AT A0 B, SR 5 VR0 e A | i 47
BH T BBRETIT . BORTYEARFE KB — AR BOR H R K, B T B
BT RARETAT TR FBIRA4ERRE . B, R BB 0T B M 5t g K 4
AEBRVVEI LG A, 6N AOK T i b UV OR ) T o LT, 49 2K 4 20 8 ) T 100 5 4 £
W as RREMR D

SERRRW], K LT Yl RE A 20 T 53 BUE W0 DL PO L 384T 3% 56 R T 5 A R 2
GUAFAE [ — ™ F B 75 i 59 W0 7 B OB R 3 o S Sk b 1k — e e DL 2
CHl 1-5~ 1 1-8), 7RI 5 HL 7 ST 00H% 1) v A 37 SR EL 2 R AS 5O I, 0 B 1 1k A 4R
BORAEMBIRCI, HERBH T BIBEI™ RS S, % 6B 5 % B0 M AT
.



