Olok

¥ @

L. 2 &

A TolME X-4 HPE o83 uA BEHY 7&
A 2 72A ARE QNS 12 iFeEM 1) X
-l w2 A3, 2) X-4 33898 € o]g, 3) X-
A A7 QAR o] Fol WA 2HSAT A =
o] olo] BidAdE 4) X-A AL o|&% dATZ
(Atomic Structure) 2 ZAAFZ &4 (Crystal Struc-
ture Determination)ole] <€3} 5) Wide Angle X-
ray Camera, Small Angle X-ray Camera 12|11 X-
ray Diffractometer2 ti@ =& X-ray Instruments &
o) ta] 252 6) X-A HAL o] 43 AHR dA
o] =17] &% (Crystal & Particle Size), 2H3E &4
(Degree of Crystallinity), ¥} wi@4 (Molecular O-
rientation) 123 7|8} TEE4A Tole) 8o B
ABR oz A7Nstazt gict.

2. dixpugdel 2 W AHTX Mol 8

A TolM A& e} Zo) AW BeiRAIeke) U
o) 91219} TRl ol

F(hkl) = X f; exp 2xi (hx; + ky; + 1z;)

o A AEEn S8BT [(hkl)F FEAR Afelol
E Lo | F |29 WA YHE

wehd gl Axte) 92, F 924 e YH
o wetd FAAe] Z=rt et = S48 FFEA
o AU FEE ol &3 AATZE, F AW dxE
g gobd & YA Hed 3FE By FEEFE dot

9 F Qe FRAAE | F|oH F(= | F e a)7}
o z B2 FEubge] AUBEERE AP A48
& IFete 72U FE Tote WY uds wot
sht @A 28 whge] 1k IX] %S2E (Phase
Problem) oj2}71x] ZH8&Q &S ol 843t 32
FAREE BE AAEe 23t Yok HEHY 2
AX B ES Astd thEa g

2.1. Trial and Error Method

o] W e A BA, B Yy 7], GHAR
o] Tl 3715& 7122 o] space group € UF
A7)E A% Y model & ZHAR b 2 YA
W 7o) W | Fothkl) | & A48t AL | Fo
(hk1) | 3 8]@3PAA modeld] WUAIHE & wiEE W
BAA A FAe] dAFES BB e 4
Z3to] U7} HEF e A2 Suizi] WHESI A
AR 3t 9oz @A LALS(Linked Atom Least
Square) WHE WA B2ATRE ZEASHE program
o] o] o] 7|25t dw o] Ut

3 model 2 FEJQ A4 | Fe(hkl) | 3} AA)
23z | Fo(bkl) | Alole] dXAEE thS49 R

YN
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Zoll et B

R = 2 Focthkl) | — | F(hkD) | )
B SICFo(hk1) )

| Fo(hkl) | & | Fo(hkl) | o] 9427} 2942 RY)
e Zold, = | Fo(hkl) |

9 A&7t @& AR A 2% 09
monomer 732 AL R 9 Z+& 0.03 o)&},
A @ 739 A9 0.25 o|3te] R grolw &
FHEW3 LR E QAT

2.2. Heavy Atom Method

Trial and Error 8-S Blw3 73 290 ML
AN §7] 3By vhllda Ze B3 o=
heavy atom& ©]&3%} Fourier Method7} @o] AMLE
ok TR BME51zl e Erb toked YA 5t
@2 ¥z}(light atom) & Fof) dh} wE 1 o]Ake] X-
rayg ZoHA AR QApEEr 2 9xE 3
3 I PRl s fols) XA FEH 2R e
718282 Z heavy atom 9] Structure Factor, F(hkl),
o Mz V|t Auld ez givs) =7 WEd 47
I 98 AR 5 o ol oE AAEY AH 9
A& ZAste 9% o) Hr] yRolr}.

BAL] ALY & BRI AL Electron Densi-
ty Distribution, o(x,y,z)& €W St o Yz}
A7) wFoltt. o] me] FzARN= o Hol|A] A7)
g uie} Lol

(R e

=V

FebkD) = V [ [ [ o Goy2)expzmith + ky; + L2
2 FoJx™ o]RAE Fourier Inversion & 3%

o(xy,z)= (1/V)§Zk}$F(hkl)exp—2n’i(hx+ky+lz)

E= o] w F(hkl)= | F(hkl) | elgkD g Fojz)m
E AR xE

P(XJ,Z)Z(I/V)%%Z}} | F(hk1) | exp-27i{(hx +
ky+lz-a(hkl)/2x)}

2 Fo91A "Ad}.

a2 gollX HE3h uie} o] 23 AR T2 BE
¢ = e AL |Fhkl) | o9 2 w9 942 o
(kD& €& gtk el 72918 93442 F(hkl)
< 2%k ZAZ TR e QdolMe) A F2
g A= A "o

Heavy Atom Method 2o heavy atom (9=}
HWE7F & Aab)o] AT A$ £ J9H 02 heavy

280

atom& SAYX A2 3¢ heavy atomol] 9T 7
& 3 AP}E ujol heavy atom 9] 9)X|= v)wH HA
248 7} Y222 heavy atom o] A|THE 7RO
2 3 ST SARCE AESe] tige] Axhug
€ ZH3 oA o8 TAZ UE light atom?] $x)
E W3 2Ast T 47 ahkD)E A4S o
g 2AZ o(xy2)E Tl AR, ol9} go] s 7
ZR1AF F(hkD ol Aldat AALERE o(x,y,2)9] A4t
& HHEsl] P& AAYEREE a7k Aolut.

38 heavy atom®] $1%)& Zohluls thee| Pat
terson g2 o] &8t Aol F43HY

Pluvw) = (l/V)Zh}ZEIF(hkl)l 2cos2x(hu+kv+lw)
K

Patterson @&4= | F(hkl) | 2 & A$=E 3t Fou-
rier $poln] RIS A4S WA= 3R] Yon
2 BEG AAEe] AEE 44 ALE 5 YUk o
g2 ANLEEEE A pile AL oEgy vy
Azhye] o7 Azt AR, & YA AEe B
AEE AFst 4F 72U 9L AAsl=H &
o] = AT A AAYEREE ZHAst=t|
o] &l e 94X & shFs|Fr).

2.3. Direct Method

o] Wl £ F(hkl)o] oj® $j4zhe FHal=
< Axste] BEE7 £ AL Bo AAYUEE
= Wgeltt.

dutd oz oA | F(hkD) | 52 BE reflec
tiong9] 937 a(hk)E Aoz AHYs) Y ¥
HozA Miller Indices?} A& AXBAQ reflections
9] amplitudeS Alojol] 944 (phase relation)& 1
Bt o] 94e YA (origin)g] Ao ojE=3)7 1y
ol 2 Huigtech 945 Alelgl BAIse] AR F ook
817] wjZelt}.

HAR 2= gk 10709) reference amplitude”} 3}
el Z(group)og MEHEH F2 7% amplitude
50 MYEY J22H 2o 59 Miller Indices7}
oA}, 3 370 == 1 o]Ele) amplitude S
YAz A4S ke Aol 7hssin) ols AE Y9
Y& ujgith. 2 olF= A9 symbolic addition
method#} E&]3= reference group9] amplitudeE2] £
FE AE7L Foi0) 25 Alold] ZE 7153 W7}
A Z ZAMEY. Centrosymmetric 23720 A ¢
A7 @ =0, 11/2, T, 3/211,%59] discrete & =z
A 7Hst AR o138 A) sl A% thE g
T2 T3l 710 35 Alole] ¥AIE Has) 7tk
A ZAEZR7E FAH Fourier Series Method &
ol §dt AXABE TEIL olFA BAHY IAHFL

&
T

=2
=
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t}x] #2245 (Least Square Method) 2.2 U 83}
o 1 72g ZA o

3. X-ray Instruments

X-A ANNE 71BFHo 2 IHAE HAEshe Wi o
g AL o) g3t Felalel X-A photong A7
Asg Agsie] FPoslE AFV|E olgdte 49
counter FENE UEs 3loH, EXstuxsts IHEL
(Bragg Angle)?] 9l mel B4 260 > 50 o B2
(Wide Angle)9d9g 32 Z%3= Wide Angle X-
ray Zx (WAXD)$} 26 <5° 9 27 (Small
Angle) 99 & 7 B28}l= Small Angle X-ray 3%
(SAXD) 22]a counterE sl HYH & $heol
B3} = X-ray Diffractometer 502 thd 3 i},

3.1. Wide Angle X-ray Cameras

Wide Angle X-ray Camera= Laue Cameraol|A] &
243 Flat Film Fef (28 1) FX)e} Powder 59
BAWE Ao fo|g Cylinder FEfe] FilmE AHE3}

transinission

iy
collimator

3%l 2. Debye-Scherrer Camera With Cover Plate Removed.

Kl
AT
A
[

}etat Dl A6 335 19954 6%

= Debye-Scherrer Camera(1%l 2)2 vs+ 9JoH
light atomo] F/E o|F& 1EA SFEY HS A&
o} AT Ae)E AFoF AAF JgE Laue Cam-
era PE|o] FA 0] F= AMEEL Jrt. ETAEE ©f
23 Debye-Scherrer Fhd|ete} ARg =720 tha] 7+
3| 2705h ohe 3 2ot

3.1.1. Debye-Scherrer Fjoi|ate] =

t#&9l Debye-Scherrer FllEte] 128 By 99
28 (a8 2)3 Zoh. o] stk Yeoj AR FEE F
7ol 9= 9539 ETHIE, AR E Wolgoln &
3 BYPg X-A 9Ug vt=x Zejdo|H (collimator),
=23l e fEIa o]RE FHXAFIE ¥ ~AF (beam
stop), &&A3&l= A8 (sample holder) S22 TAH
o] §lth.

Fidiele] 27]= BE ¥R &o] 57.3mm Zo] @ol A
£5ed, oA mmZ A3 S gto] AU E E Y
£ 20 o] HE= Aite] HAslr) ujFeltt. 7 ke
X go] AFASFE HE| QU 2709 A9 B4, & 8
48 (resolving power)o] #Zt}. th& IH (OH 3)
oAl BE FHFoA Frjyle] Uzt Heilx 5% FHA
ALY A S &=

S=20R, 283

@714 R & shilee] MR S-S depdch 22 sk
2}9] | go] AR A5l A=} FrteteE FH
el ZE7 2AD W ohel Ed AL B Wl ol
Fie} ko] F7)ell FFHEE avhE xEARte] F71
ahogo 3},

3.1.2. Debye-Scherrer Fimjate] Algitiy

(1) NE9 #4|

Debye-Scherrer 7ide}l& Alg= B2ZS& X& 0.
5mm o}, 2o] o leme] RHOZ shod ALgETH. of
B8 AEE BEE WS AR A 7P

AS =R A 26 o9,

o=

26\

%l 3. Geometry of Debye-Scherrer Method.
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filo
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e b

o rd
2
B
o
1o
i)
Ji.'
M
o,
o
o

I~

I
>
N Ao

| ojt}. o] Wz Mz
2 zte 2R T © Add &
7 £ F H}IE (binder) & 2T
of Zre oA Esle] Ples WHE T
2 g2 #ue 3 (filing) 8t} THEH, E
PP A ABE BEFS] 2EUE Ik $rt of
olE d&E FPYAHAL donH ELE 325 mesh
o }& 5T AL 1& Aol nlFAsct.

o|EA e 2o A u) 47 2EH IS AAG
7} QEte] fEiP B AYPe) YU JFo R oS,
oJu¥® (annealing) 3t Zo] HEolt}. o9 Hols}
of THE AlgE AEAAWA ZAE , ARAANE
CHAAFEA A g hEle] &3 JEs] YAE
£ 3l|opgirt.

w220 A5 FAHL HEL goF F de i
7R ARG 71 S5l A4H IHELE €7 ¢
Zolth.

(2) BE9 &4

XA gee ugo A IEF BE¥cz = 2AT
X Aol E3de] z7] WEel AEE Fo|7] HElq I
kol Z35A T2 Ho] glom w3t A YAt
T oHlmA ket v 23" 904 EX
Debye-Scherrer 7}#}e] FE2& AX3sle 35 colli-
mator £} beam stopper & E3HAl d17] $i5le] EE0)
2709} 7ol ATt

3.2. Small Angle X-ray Cameras

Small Angle X-ray= 7|EH o g AFS 2t&E Laue
FE) o] Wide Angle X-ray 9 1 98|71 2oy 4z

& =& ®&% (high resolution) 02 AHUEA #
Zslojol Fojlulel X-A Beam 2] Focussing, Collima-
tion 28] Beam®] 2% 7152 9% ti4 Exsln

oft

%

o

o

i

e

&

@ S
N

o rir
of
[
ot
o

fond B2
off

flo

it

ol %
e %S

o r
o
i3

o

)

P

point where
incident beam
cnters(26 = 180°) 20 =0
/
[ o ] e 1]

%l 4. Debye-Scherrer Powder Mothod: (a) Relation of Film
to. Specimen and Incident Beam; (b) Appearance of Film When
Laid Out Flat.
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a3 B8 (Optics) ZX9] HAZ). 275 X-4
beam ¢] Collimation ¥2l¢)] we} AEAe Pin Hole
e}l Statton £x= Kissig Camera(38l 5), Slit ¥
E12 X-A Beam9 2T E Z7} AZ1& EE Parasitic
Scattering®] WA]o] 2&] T4z FoiMe EHFE
Z7IA 267F o 0.01° F7x BFe] FHgEAG
Optics & AeB3F Kratky Camera(1q 6) 2811 5
78] mAE glass platesE o} g3t YA X-4& AR
¥FALXZ] (total reflection)ol] €&l beam& Z3lAl 2%
3 A1A beamd] =& @A3] £7}A7} Franks Cam-
era(18l 7) 528 YT Utk

3.3. X-ray Diffractometers

AT AFFKO] counterE FHEIe] AztelA] Bz}
7MA A beam & BEYSF Y A& 53] X-ray

“diffractometer 2 221 o 1 TAH FYL }&

a8(aal 8)3 zZth. 1¥8oA St X-ray source, C
= specimen, T = X-ray tube, G &= counter 28|31
A, B, F&= slits& Uehdt). 3] counterd] 33 =hy
of wel $HEA 3133t 313 beamS collectd=
Horizontal Diffractometer$} = 2tA 3 Asis 33

&l 6. Schematic Perspective of Kratky Small Angle Camera.
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* —
i L ~——.
X-ray tube . [ Guard \
D Mirror |82 it 4

N

~tZow3 | T~Fim |
Sed LR
'\(’;\5,4“/{ ! /Backst.op
q

%l 7. Schematic Perpective Diagram of Franks Small Angle
Camera.

diffractometer _—""
circle

218l 8. Schematic of X-ray Diffractometer.

~ beam$& collect3l= 49 Vertical Diffractometer?] %
71 8ol Yot 712 Yel= 2o}, Diffractometer
o 723 £, A 2 71E AgES S| )
ahE o337 g

3.3.1 c|Z¥Eo|E{(Diffractometer) 2] +XH B%

¢7ete 2 AR W DR FAZY] =
&o] Y3y EI Fx9 FAHo| oJPrks FHel U
o}, FHZele YEl AlsH (counter)d] 27 A4F
7154k22 o] 23} diffractometer (X A 3)ZHAH) 7} 7§
wslo] ERE GAjTlel] BubY, SlANAES 1 YXE
AP X 4 Hevlg #EA Hd ok =3 2"
3" A2 A (resolving power)x Debye-Scherrer
Fieigtect g8 $43in).

LI Eu|E = Ye)& o Debye-Scherrer 7huj|zteb
2% EYA ASF9 e ALBE ARG
th. AR A5 29 HIEE SHol glon, A
T thald YA HiAZte ARy 2A FHoiUoh
I FAH FxE ARFA) bt AN gaEx T 2R
oz X 4 ¥AYA, 38 1olv|E (goniome-

DEADEY 7|18 A6 335 19954 64

ter), AFAF7|EFXZE T4 o, AlTHe v
glAl$# (proportional counter) Ei= A@#Hld Al
¥ (scintillation counter)S %o] ARE-3IC),

3.3.2. Ccl=¥Eo[EE& o|E8F MEHYWH

EdvingloAs 2E 33 Mde] FAl6 71557 o
ol =&%9 YA X A ¥l Ax HEL 5EAY
AT GFE AR v 2u HIdED|
oA 3dAe] Y £A2 7|85 7] wEe 2z 3
HAo AUAEE A AW YA A=E
G QASA KRRt a87] Hsted AP
2 2 X AT A/ FA7F ZRE o] Qlojof g}

(1) A|89] &8

gz EnlEfo] ALgste EZA|EE Debye-Scherrer
oA ARSStE A 2o, ujAg (325 mesh ©]3})

- Aol Y] FAAMY wFE A=F I A8 4

A7t AR FH-e| 7|qgte 2R w7 Ao =g 2
ko] A@Age] vuAch. (Y7t AHAHA Debye Fol
wigAro 2 ®eoh) 3hH, 0.1m o]sle] WA Z =Y
Debye &9] Zo] gojxitt,

EE 2HEY 2o 2E#Io| 471¥ Debye F
Zo] go| Holxmg X g dlo] ~EHUE AMAT
t}.
P EvjEoA] AEHE HHOZaln EFF o|Ho|
goniometer?] ZAED} AR okgIct. WEkAl A EHSY
HH BEE 53 A58 W AAFIES e Ao
223lt}. AIEXABL BE AIB(35X50mm?, t=1.
5mm)ol 20x18mm?e] TH& %L AT oj9} e I
719) fEldel] A8 &A% (20x18mm?) (o] 0.2mm
EE 0.5mm)E FAAIAA BHEALS AT B Y
AR AlEe HEe I7l2 dudt o, ¥99 23
& gl Alsae] f)x)9 22 miE $ol =

(2) 2Rz2A9 A%

dzFenee] &3t FAd] Yo} F)e| «#r1x] ¥
T, & XA ZAE As#e] FAKEE, ratemeter?
time constant, %9 F T Aolo] AP =3}
o|RoF =& Asior It} F=Y =L 95y
20 =0" XA XA 24, adoluje|e] A=, Ag
A, 34, Aledo]l AN wjgsojo} ). o}
#H 2R (38 92 3ER Yol 71=2A 1 JeltriAxR
o BEARYE RFET :

4. Application of X—fay Diffraction
4.1. FXF Frol 3t QuiEel ALY
(WHAT CAN BE LEARNED FROM X-RAY DIF-

FRACTION PATTERN)
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diffracted
X-ray beam
COUNTER

RATEMETER

CIRCUIT SCALER TIMER

] .
RATEMETER

CHART

RECORDER

3%l 9. Block Diagram of Detector Circuits for a Diffrac-
tometer.

3%l 10. Nlustration of X-ray Diffraction Pattern.

A 2838 1094 2l DU X4 g
Yozre 9L 4 e 724 Fue FYdnw
A, 3]&d o] equator = meridian 2 FE] 7]-%0175_]
A = (azimuthal width of the reflection)ol] wja} Ex}uj
& (molecular orientation)el] B3 HRE A& F 3l
o, E4, 3239 422789 A (radial position
of the diffraction maxima)Z& & £x}2] vjX] (molec-
ular packing)ell &% AFgFE £2F (molecular length)
T BX7 ¥ Af] (average distance) & 47
I AA, 3P89 digre] £XAE (tangential arc
of the diffraction maxima) 2 $E £x}15°] dup} 7
Ao Z wjA] (regularity of molecular packing)7} =
o] AEAE &7 Ut

agjx skt ol4te HEHEES JTUBAZ FE X
B TZE (type of packing)o] B3 ARE o]Fo &
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Crystalline scattering

/
/

/
/

Amorphous scattering
e
/ P //

Scattering intensity (arbitrary units)

TS
Diffroction ongle, 26
Bockground ' ion ongle, 26

Interent Comipton
Scottering

%l 11. Differentiation between Crystalline and Amorphous
Scattering for Semicrystalline Polymer.

71 Ao}, 190 x wHEMEE (radial width of the dif-
fraction maxima)2] 3ZHe] EXZRH Ux == 2
Aol 37] (particle or crystal size) & A4 4 Y=
5 AHARE T Yo olBAle RAERAA F

] A3 T2 gt

4.2. ZH3}E (Degree of Crystallinity)

X-4 3Fo| o AR FHL &I vIEA
(completely amorphous)o] AW £431A4] 2AHA (com-
pletely crystalline)?l EFA|E (reference specimens)
Ea) e T 8E A b) d&7 JEe HFE U
o "32@’7* el WA gutdog a) AL 5 =

ZAS-ol 99 28 (O™ 1)oAM 2% FAF4 w3y 3
2L ole A& 19T 74 93y 2YEE A= o)
o ¥EARE A= (la)g Z2 243l 139 4o
2 Fauh.

Xo = f:szlc(s)ds/ fomszl(s) ds

714 I()e Lo 9 Lol olm Sk A2 weje) =
71012 Tha} Zo| FojRrh.

S=2sinf/A
It 914E o] 83t o) B ez AXPH A
2 (A)F nEAYG 9 B4 (A€ 78l o3 2
o] AT & AXBIIE et

Te = (Ac/ As+ A X 100%

I b) EFANEE AE 4 Uk A9E o2l 19

Polymer Science and Technology Vol. 6, No. 3, June 1995



Negative Positive
values values

Scottering intensity
(arbitrary units)

o

\
-
o

Bockg/r ound Diffroction angle, 24

%l 12. Diffraction Intensity Curves for: Curve A, amor-

phous; Curve B, unknown, and Curve C, Crystalline Specimens.

Positive values

\'Lana=K

L-L

Negative values

2%l 13. Plot of Scattering Intensity Differences.

(38 12)04 BE thg Al7IA] Alge tigh 8)d 2y
S ¥1 Y9 72 A E sl B4 AL (260)
dxe) A& (L - L9 (I - L)E 99 18 (3
13)01418} o] 42t X &3 Y £202 Plottingsdle] 2
71€7] K& T8t ol & o] &3l th&2lx} go] 273
=g 7

(A) an amorphous reference specimen
(B) a crystalline reference specimen
(C) a specimen of unknown specimen

(-1 -K
Xe =71, 21,

4.3. &t & Zde| 37|(Particle or Crystal Size)
E235)|d Y (powder X-ray diffraction)ol] t3} o]

DNEXED | A6A 33 19953 64

%} 14, Effect of Crystal Size on Diffraction.

4Al AAH e 371 thEAEH (polycerystalline ag-
gregates) 9] €Al PAHAT BE 103~5x10°
cm AEolth. Aol oKt Zow FHo] oA
i (broaden) 3|ujaizict. WIHE AAYL] 7|7} o|K
o AXH  FEHL A (spotty) 02 EAES
Debye ringg WEhi® HAZ 3849 Ho] FEo|
gloJA line broadening ) 2J3F Y= &AL ErssHA
Aot X-4 3389 line broadening 2 ©] £33 +H43d &
P& Avleha ol 2ot

4.3.1. Particle Size

drbx o2 dzre] z2717F 0.1um 0]} 9-E "par-
ticle size"2}1 221 o] Wo) AAJASL X-A 3)
Z49] line broadening & 4o 71AHT}.

a2 AAYAL] A7) ol FAHMe Zo] Yol
Ae BSE olBHoer nasEd vhgat 2ok 99
I8 (38 143} o] FA7L ol BAYRA A3
BPsiA] B& YA X Mofl 93t gAEHE nYgg &
HB 2 A}

A aBoNA AL X A A, DM A tidle]
483 Bragg 7 0,8 Fslu D} wpepa] kgt A
% D' = ANE SgAE . A9l M mA ©HE
N7 A71BR, 3E7) 20, g s AkE 1 A,
D%, M’ 2 1 §]4e] 13 dAsle] AZHWY 3"
9 Hggit.

FH 05 BT} 2 2 YA 0.(=0s+200)

A PA X A Bl & axhe] 143E 7R eH, °ﬂ
W Fdel| ejgh 4k B'7F mAe] Axpde] 3 Ak
L2t (m+1)Ag) bﬁix} Yol Wz Yirg
Zol2ta k2t o] A A F2hel U= AL A

-T-'
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25, AN A T Ewel A% A B9
A2 [AAZE (m+1/2)A18 G237} Lejue Aol
o mehd o) £ she AR ATt 23 BAe dal
A RE o) whech fel 4 A s wunk Lo
A AR s AdsEe 20, W) siuss Wel
ZEE 00] Hek.

2 WHOR Ounrh OF AL YA 0,(05- £6)
YA X 4 Cor N ErlolAe] Aish C'9h md
A "ol ARl N'€ (m-1)ae) S22 YAk
w, 20, $a) HPeIYS FEE 0o] Wk F olRL
26, 3 20, Aol oz HPHE X A FEE 00]
olIiL, 20, oMel HUHES 0 Aol & Zerh
gerd 51 X A vl gEs) 2099 WAL Be
2% (28 15(a)3 2ol ek,

%9 B89 Bragg 2 9ol AT 88o] Yoldrks
o4l ZAolAe HPAL I8 15(b)9} 2ol B 3
olth. H4e} WIE Be 239 A me] o,
& (20, - 26,) W HoIA =2 AL WEL 3
BgEel wlol Hie goloMe Zolw ksl e
o) A aHgict.

B=1/2(26,-20,) =60,-6,

2tsind, = (m+1)A
2tsinfd, = (m-1)A

t(sinf, - sinf;) = A
2tCOS[(€1 + 62)/2]51{1[(01 - 02)/2] = A

JHY 6, = 6 + A0, 0, =
6, + 8, = 208 7]‘ E]-F—,
EF (0, - 6 e AL golnz

s - A9 23 3PH

sin[ (6, - 8,)/2] = (8, - 6,)
_\31‘:_?:51- 61 - 02 = BOIEE
tcosfg X B = A

% t = A/Beosfs & ol &3 A4tg sid
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(b)

% 15. Effect of Particle Size on Diffraction Curves (Sche-
matic).

t = 0.94 / B cosfs (1)

o] A& line broadening®] x| w2 AAYAL] =
718 el = 4] o 24 Scherrer Formula 2} $&t},

T, 919 A& o] 43l YY) =78 AASH=
& ZAYPEo] 2Ed (strain) & BR|¥L A Lol
ZAAPE]l 2EHUS HE AS AAFEY oA
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(a) (b)

%] 16. (a) Transmission and (b) Back-Reflection Laue Methods.

(c) &)
1% 17. Reflection Patterns According to Grain Sizes;Grain Size Decreases in the Order (a), (b), (c), (d).
(fragmentation) @A3o] Aoy} 9jo] aPF o] A 4.3.2. Grain Size
ol B$ WolNT Smaizch. o HAAe) Yol dxe) 2717 Lm oA 1000 Afole) YRS
Fg ZH3 vAsE AHYS 2718 AW AT grain size” 2 F20) ojue] YA 27)E WoIRA
= ol o201 AUk My EE X A SEAe] o5 BEa.
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(1) ¥v]734 ¥by (Microscopic Examination)

@ WAHGO grain®] FFFE AAS ojAL
ASTM(American Society for Testing & Materials) ol
oJ3ted g d ohe} 28 "Index Number'(N)&}
#X]o] AAr}.

n = 2N (2)

o714 n& 100 wiE Fohsle] BAFW lin? F grain
o] & 23, N& ASTM ¢} “Index number" ¥®:=

"grain size number " & @3lt}, o8 S,

N =14
N =38

90 um
22 um

(2) X A 3=y (X-ray Diffraction Method)

o] g2 ore] g (a8 16)3 72 Transmission
£ Back Reflection Laue #ell 9J5) A5 X A
B HARE do] o)F ugoE grain o =], AF9
A (crystal quality) T2l w4 (orientation) 5ol
e BE HgA) YR g der).

B9 Aslolx) 27 172 YR Z7lel weh e
€ 3EARe mye] 21 e BoFT)h adjA d= ¢
A9 3717b wAEELE Laue WHEANIAN d%
Debye Ring®] HHZ v}¥zm &S ¢ 4 Qirh. o)
A olu] 77171 4R PAES o)8)d BEARNET 5
L 23k, 9] YR=Z71E 7HA A5 HHURY
& vasly 1 37|18 23 5 Uk

549 8 o

X-A FHYo 71289} o £ o] g8 &R} AT
Z #iAe B 71X Y B B olsisky] LA
NBEHoZ 7Iedleln =Eaunt. AW FAY 2K
A F3E g9 e WEigen o BAe] Y= &
e wE R AR AnME Fas) 0] via,

MBI 2708 nlel o] 19121 Laue o] 9%
X-4 4o dHoz YL FAH o widd A}
£ ol ¥R o]F X-4 FH e Ao Tzl &
HE 0o F HHHo] . X-A FHolox 2
o DAY TRE APeteuls AFREAC) Wt 1 2
|HAM Tia zo)7F URo) JE"o g Scattering,
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Ze]3 Electron Microscopy 59 #iie] o]&51 Q)
ou HEAA L ASE F0)5) du F53 Jeo
A A3 o] foldlthe HolM X-4 glde) 95
gl da] o5 o] gt

SHH o]9] §EHoA Buo =93 729 HAH &)
A (structure analysis), ZA3719] &3 (crystal size),
AAZE (crystallinity), 23X H8EA] (orientation),
o]2lo] sl 7 28 53, A4HY (phase equilib-
rium), 22]3 Auger electron 53 Zo] 23 X-A &
g o] &3 X-ray spectroscopy 5 ThEF Eolol 4
= 45T e Ao w3 A gx|] HAkse} 1
f1 IERE E7|e5 R 233 A4 A2
&7 Bop29] §-go] HL JYAct A,
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