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SUMMARY

I Title

A Study.on Establishment of Application System of XRD

for Analysis of Antarctic Clay Minerals

II. Purpose and Importance of the Study

Clay minerals in ocean environment are generally supplied by water and
wind flows from continent to sea, which are in turn transported by ocean
current and are finally deposited. The clay minerals in fine-grained recent
sediments of ocean comprise illite, kaolinite, chlorite and smectite. The
distribution and composition of clay minerals are generally controlled by
various geological and oceanogrphical processes occurred in adjacent continent
and ocean during developmental and evolutionary stages of sedimentary basin.
The clay minerals, therefore, can be used as important indicators representing
source rock geology, hydrodynamic characteristics of ocean, evolution of
sedimentary basin. In addition, by studying clay minerals, formation and
evolution of sedimentary basin can be verified.

To study clay minerals, X-ray difractomenter is widely used. However,
the analytical experiment and interpretation were carried out subjectively
causing to limitation of application. To solve these problems, objective and
consistent analytical system is needed. In this study, XRD is described

-6 —



based on theoretical background and preliminary analytical system is

established.

III. Contents and Scope of the Study

- Description of X-ray diffraction theory

- Characteristics and Description of X~ray Diffractomenter

- Collection of Experimental and Analytical Data

~ Correction of Preliminary Analytical System by numerous Applications

- Establishment of Analutical System

IV. Results and Suggestions

- Quantitative and objective operational system of clay minerals’ analysis
is established, which is based on computer program for consistent and
objective data processing. This system should be complemented through a

number of data processing and their applications.



CONTENTS

1. INTRODUCTION ~————==—— e e e 12
1.1 Formation and Distribution of Clay Minerals ———————~--- 15
2. X-RAY DIFFRACTION -———-—————— e 17
2.1 Production of X-rays ————-——-----—-——-—————-——————— 17
2.2 Diffraction of X-rays by a sample ~————————====~—=———~ 24
2.3 Output devices ~-———=—=————=———————=-————— = 24
3. SPECIFICATION OF X-RAY DIFFRACTOMETER ---—~---- 29
4. OPERATIONAL SYSTEM FOR X-RAY DIFFRACTION ---- 30
41 Main Structure ————————————————=———— - ——— e 31
4.2 System Setting and Input of Initial Parameters ————-——- 33
43 Establishment of Analytical Program -———-———-——————- 36
44 Analysis and Data Collection -————~———————————————-—~ 40
5. CONCLUSION —————===——m— oo 43
REFERENCES ———————~——— = e e e e 44



LIST OF TABLES

Table 1-1. Overview of X-ray diffractometer in

Polar Research Center, KORDI -------m-mmmemmm= 14

Table 2-1. X-ray tube targets and suitable filters ----~---—-~—- 22

Fig.
Fig.
Fig.
Fig.

Fig.

Fig. 2

Fig. :

Fig. :

2-5.

R
~

v
e

LIST OF FIGURES

A section of a Rontgen X-ray tube ——~——=————==~—~~ 18
The spectrum from a copper anode X-ray tube —----- 19
The generation of X-rays ————~~—=~=—=———-——m—mm 20

The copper X-ray spectrum after passing

through a nickel filter ~-——---—--=-—-—-—-~— 19
The variation of mass absorption coefficient

of nickel at different X-ray wavelengths —-—-—~——~-——- 21
The copper X-ray spectrum after passing

through a nickel filter and subjected

to pulse height analysis ~———~--—-—-~——=——-~———u—- 21
Schematic representation of the geometry

of a cured crystal monochromator ——----~—====-———-= 23
Schematic representation of the geometry of

a typical diffractometer —--——---——=—=————m—mmmm——o 25

— 9 —



Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

2-9.

An illustration of Bargg’'s Law -—————~==———~==evmno 26

2-10. A strip chart of diffractometer trace of

the X-ray diffraction pattern ---—---—--—~--——-—-—-= 27
3-1. Overview of X-ray diffractomenter system ———----—-—— 29
4-1. Overview of PC-APD structure -—---=--~-===-==—=~ 33
4-2. The PC-APD start-up screen ——-—--—=—————m-———m==—= H4
4-3. System preparation high-lighted
on main selection menu —---—-——=-——————m——mo————— 34
4-4. Diffractomenter type selection menu —--—-—-~—=-~—~—=-= 35
4-5. Parameter input form —————————--—=———-———— 35
4-6. System parameters input form -—-—-------———--———- 37
4-7. EDIT menu showing the Identify
program name input prompt —----—-=-—==——-————————— 37
. 4-8. The Identify: Scan parameters input form ----------- 39
. 4-9. The data collection selection menu -----=-—-=-—=—=——~- 39
. 4-10. The identify program input form -------—~---—-~=-~ 41



I 12
11 BEZEY YAFH £¥ oo 15
2. X4 34 #+4 - 17
21 XM &Y - e 17
22 #%9 XA 34 Y - 24
23 89 A e 24
3. XA A M7 4 e 29
4. XA 34 ¥¥& 9% &9 AA ——- 30
41 FQ FA —mmmmmmmm e 31
42 A AA ERH 27 dF A o 33
43 ¥4 Program A& ———---~—————————mm—mm oo e 36
44 ¥4 A8 2 A8 5 - 40
B. B~ 43



A B Bualt GEBES FH S GYso F4 w
= kol oa vtz IS, o) vl siFel $ut % ol%uHo)

AAr), UdutHoz &g o] ¥l dEFJEL 34 dgdolr, 7
% & (kaolinite), Y X(chlorite), A EelolE F o] 4£F2 FAFHY, 1

T4 NG HA B w9 A8 g A4 29 84 2 9%
M dolvk oz st @ slFetA el Ashz ARG, GeA
MEREY +RH FA4 U $PL 9K JF ¥a L 4D =
A, S £ B4, 94 87 Ws 5o %E =Y 24 4% 2
H4e FRsten f48 A4 D & ek |
oz YEFE FA} FHE FFH7] AL XA 59
RA7E o188 Wlol ASEDG. AFATE FAQTL AR A
WERE 472 A8 DA Philipsht A XA 87 24 A
Aste] £l Rk v £9S AY ARl vHus 29 A
Aol AR 71718 Bgo] FEAA olFoidA 2¢ HAlt o

% 5ol 33 BAvle 29% A 448 A8 AFEHE 7179 27
=0 44 QAR BY, 48 9% 2 A9 5 BAL £ s W9

guloltt & Ao niujz & F8o] o]FgxA EIHYY. o
7] AFHE £Qshs dolst W AeHw e DOSYl 712F Ro|
obv]ii, PhilipsAtel Al 31 247] 8 98] 53] 1¢hdk Ao vjAR

Zhel Al 31 #4719 A&7 o] &of = st FHe FHach



oz oA HAFE AAY] FAHE A4 A EHvje mE
4Ee TAse AFE A2gg wAYEINA A5 NFoz TA )
oAof &}, I thE A F47)9 $9& A% AA=ZA DOSH 7]z
Programeo] A5 ojok 3t Zojrt, ofe] B AP XA 3H 847
of AAHolm FEHOL Y7 Y3t Feo]l AHEHd AFH
Systems AU o= FEAt. Hardware2E 718 de A5
A= IBM-PC(80486)8 €3t A 3, €9 Software2E DOSol wheh&
£ PC-APDE 39t} (Table 1-1). ¢|H# Systeme Fae XA
3d BAE s 5338 39" Systemy}t €8 RE ARl A Zﬂé?ii}
AAZ PN §8o] 75T 2E 77U ojf % Qo] A2 F+
Aoltt. 53], ARE FAT ¥ 59 A5F FFHE o439 A
A3 & 33 FQo g} AdAE AL 5 YA HAGY. o= F
de) £4 HH, F 13 Ao gHME 179 7|EAWE dE ARE
Had & 98 A=z AHE Holth. ¢$7] o8 Wyie= 28 A
£ 3t A3tes FETWE Fxd 715E 24T + A @ e ABF

FAHA &4 WA A4 el A7) AL FHANUTHE Fo]
i A4 5 g = = S A e -

Mz 29 AAE 43357 9% & I8 534 XA 348 »
A71E o]48 AE FE AT Hed 7z A9 Y5, £M7)9 &
€ 2 A8 5 Uy, 9549 A5 gg FA ¥y & AAsSn
Z+ g, oo mel EEAR &G AMAE AANFo2A AFo B AA
o] &% HEZES XA 3d E4A TdE A9 FHFH EHHQ
Ag A7t ol FAANEF T

e



Table 1-1. Overview of X-ray diffractometer in Polar Research

Center, KORDI

Description Model/Serial No Content
HT Generator PW 1830 X-ray production &
diffraction on sample
Cooling System Cooling of X-ray tube
Diffractometer PW 1710 Recording of diffracted
X-ray
Strip Chart Recorder Output as recording paper
Computer System
Hardware IBM 80486 Control on XRD operation
Software PC-APD 1837 & Data processing
Output Devices Plotter & Color Qutput as graphics
Printer(HPDJ-500C)



11 HERES B4% &%

HE B2 F2 S =59 70 9 Fo49dE B uw
4 HHZoA A9 HAZ qRPe) JEFEL B FA H84e
53 e BEFEH FIHE ¢4E WA g¥ad.

o A oA e o] S8 (leaching)?] AE7F AR & FojAE
detolEVl AP FEFEZ 4290 %Y (chlorite) 28313
3 2Hgo] A AL nEG AYEe Ax AddA FAdg &
ERIRUOEE F Ax9 93 F3} 7usloA HAHE AEF
=2, w7t F3583 pH7F FA49 20 EQ, vy BRe B 1
ga dFEVE B2 A2 A9 EF UolA &3 Yedr, n¥yE
(kaolinite)y= &&o] A& Adl9) MHENA EQHoz et}

4 IHH U HEZFES FA & 53 48 44 g,
A4 HASH A7) HEL HAZ Ul dx JEFEL YRE ol
2ol fred H4A 7o)}

4 HAF U FEFE] EX: URE 2949 759 3
FEE wgdt. AREE AYNE N SAsA Jdehded, 53 9
g F3 A F A B2 28] Bo] Yrldd, deolEx nYgx
o] IFA AY HHEC &l diFE S 289 wEdE BE &
dd 2delolEY £X & Y AZdo] YAHL A FYANH G A4
of A#slo] veldr

HEZES BXE 29X AV A7) g HEZES o) 43
| WA 223 FEE weEkA HEEo] ¥4t ojvd ARE



g2 FaH difiol 2] olFFo A} B EEEFE o]F
i g 53 54 Aol wA drEhde AHEolEs sibd e wd
EZ FAFA GAH] PR
HAY HAS e HedE AR
3o A3 dixe 7F HWMIE FEHT F UG dE £
Jacobs(1974)= =32 AR WA olgte] VEFE A H3E o
5 W59 Eeto]xEA W9 ABAA o5-3te] Wart FEEE

ANgel MAE 99 LA

E
1
o,
E

o
2
o

o
A
oX,
tlo
A
1%
o



2. XA 34 ¥4

A7l e XA Fd 47 290 Hed 7% o]lgd Avyum
w719 Al tie] dotrmA @k o BEFE EA AA A
e A% A A=, $4 X9 24, 3™ 249 o&H wH 2

AR A 1% FA & dFA Aestad a,

21 XA &4y

ditH oz o] ALESE XRDAAME fEA XM FE(Fig 2-D
ol X9 199 Hziez FH U2 adyxe AR F459
anode(target)9} Z &3t Xdo] WSl WAd XML& v 53
P9 Zor(Figs. 2-2 & 2-3), FHY EMYEF e B8 ¥z
=2

X FE e AX9 anodex Cu, Cr, Fe, Co, Mo =+ Ag $9o
2 Ay, 247k 540 wa FH 4 9@ TR A 2N
AFEHE XL Y3 3o oRoA= Axd:s vy dnFgo
2 745 Aol B4 A& AsA7=d fEsith ol 98 wE
¥ E& crytal monochromator & AM&-&c),

g2 FHRoE olFoF Wie dHE XA REY HEE F A
o] XAdo] HEHe R dAHo A #3e XHKWEHY #EE &
#H oz Aojgth(Fig. 2-4). HEE 1 EZF 93] e AF 4+
Ax7t g2 Ad"gHes 53 33E& AaAA 3k #FY X4 4«
S & ¥rHFig. 2-5). Table 2-12 &3] A}&3}= anodest 1o W& 4



out in

<\ f Water cooled .
Tyl
‘ Beryllium
window

4

X-
Target// I I\ ’ ray beam
N~ ™ Electrons

™~ Filament

20-60 kV

"~ Evacuated glass tube

— Shielding
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Fig. 2-5. The variation of mass absorption coefficient of nickel at

different X-ray wavelengths.
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Fig. 2-6. The copper X-ray spectrum after passing through a nickel

filter and subjected to pulse height analysis.



Table 2-1. X-ray tube targets and suitable filters

Target Ka(A) KB(A) Filter K Absorption Thickness

element Edge (A) (um)*
Cr 2.291 2.085 \% 2.269 16
Fe 1.937 1.757 Mn 1.897 16
Co 1.791 1621 Fe 1.744 18
Cu 1542 1.392 Ni 1.488 21
Mo 0.710 0.632 Zr 0.688 108

ol z¢& Jetdoh sEl FHElE Keel deo) wES ol §A
ool XA wEE PAAT7) wWEe Ao I XML A7)
A AMRE AE7E FE s ojof dth o] & i A7 7|EAS
#R Aol A7) BE(pulse height analysis)& F#ste] gzl XHvhg
o] &3 F UAxF grh(Fig. 2-6).
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Fig. 2-8. Schematic representation of the geometry of a typical

diffractometer (from Philips UK Goniometer manual).



Fig. 2-9. An illustration of Bargg's Law: a, al and a2 are lattice
arrays of atoms that can be regarded as an infinite stack of
parallel, equally spaced planes. If a wavefront X-Y is
incident on a-al the reflection path from the lower plane(al)
is longer, ie. AB + BC ~ A = difference in paths of
wavelengths

d sinf + d sinf = 2d sinB = A
For diffraction to occur A must equal a whole number of

wavelengths: 2d sinf = nh (Bragg’'s Law).
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3l 7128 & 9o, A9 3AH F47]oi= microprocessor control,
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Fig. 3-1. Overview of X-ray diffractometer system
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Fig. 4-1. Overview of operational system for x-ray diffraction
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Fig. 4-3. System preparation high-lighted on main selection menu
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Fig. 4-9. The data collection selection menu
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