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SUMMARY

I. Project Title
Application of Small Angle Neutron Scattering to Materials Science and

Engineering

IT. Objective and Contents of the Project

Small angle neutron spectrometer(SANS) is becoming very useful tool
for the investigation of microstructures of 1Inm nearly to 400nm in size in
wide range of materials such as porous media, polymers. ceramics, metals,
etc. Recently as the nano— and bio—technology have been developed rapidly,
the SANS techniques is becoming more important tools for the understanding
of the nano-sized materials and soft matters which are strongly linked to
industrial applications. Domestic users who want to study microstructural
morphology of metals, polymers and nano-sized materials by using SANS
techniques are also rapidly increasing.

The small angle neutron spectrometer(SANS) has been installed at
CN beam port of HANARO reactor. After commissioning it will be opened to
internal and external users in mid 2001. This report, followed by a previous
report(KAERI/AR-502/98) entitled "A review on the study of polymer
properties by Small Angle Neutron Scattering”, reviewed basic theory of
SANS and recent trends of various materials studied by using SANS
techniques for the materials researchers. We also wish to review the
feasibility of small angle studies for materials research at the HANARO and

to help possible beam time users for their experimental consideration.

III. Result of the Project

This report reviewed basic theory of SANS, experimental methods,
and basic analysis methods. Some SANS studies on materials such as phase
separation, dislocation, defects in semiconductor, radiation damage in metallic
materials, etc. were introduced. we wish to help internal and external

materials researchers for their experimental consideration in materials science

fields on HANARO SANS.
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Table 1. The Q range(with the beam centered on the detector), resolution, and
neutron flux and current at the sample for the several configurations
of HANARO SANS instrument with area detector of resolution

Ap = 5mm .
g at
Di D 2 L Lo | & range a » Neutron
(mm) (mm) (M) (m) A Q range minimum  Neutron flux current
(AT QA" (nem’sec)
(n/sec)

32 16 425 20 45~75 0011 - 021 00033 1.1~6.3x10° 2.3~12.0x10°

32 16 425 425 45~7.0 0.0078- 0.10 0.0025 1.1~63.0x10° 2.3~12.0x10°

24 12 425 425 45~7.0 0.0060- 0.10 0.0019 6.6~35.0x10* 7.5~40 x10*

16 8 425 425 45~70 00044- 010 0.0015 29~15 x10" 1.4~8.0x10*

a) Estimated at detector resolution % = 5mm
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1970)

GLIDE PLANE

Fig. 9 Scattering Geometry with the angle H and fused in Fig. 8 #$=0 is
shown, The incident wave vector 1is perpendicular to the plane of the
drawing. The crystal is rotated around the axis A, which was chosen parallel to the

magnetic field.
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Fig. 10 Mean precipitate diameter (a) and volume fraction (b) for
maraging steel aged for ten hours at temperature from 400 to

600°C (after Windsor et al.[37])

2. Magnetic Alloys

rlo

Diffuse scattering® tl&o] small-angle scatteringS ©] &3 A7 gt &

S
tlo

AEA AF7E FaHAST ANFFES WA FZ 9 dFor oy 7HA] 23} 5A
YEl A F. o & £9] Pd hostoll FetES X33 host matrixol < 20071 <]
A2 =GRS A7 moment7t 2B TH46]. E£3F Nitk Festel Vil Crit 22 4%
S A#stE 10 WA 20709 ol xdAES Asrb AFS WAHTHATL. CuosNio2H
[48,49] FepssNigsss #H50] #S =S Hxe] oA HE 5 AHE S0 randomd}7

H Ao FESHX g zk3te] Fu Q5 (fluctuation)©] TS5 At} FeoeNioss S &

A
5]

A oF 100709 YAE2 cellle A3}l cooperative breakdownol] 7] <138

2,

fiu)

o
o

Aoz Aga = Q) ol FAZQ T fluctuatione ZAI}E[51] breakdown<

rr

Ni¢l %7} 26%0]std wf LAsl= Aoz AlmHr) o]#] 3§k cooperative A4S novel
metaloll A 3d 949 solution¥} 7 spin glass oAM= YElE Aoz odEm o]

#3F neutron scattering®d 7%= @A 3P F o},

i

il

Jot
rlo
-z
He
2
o
fr

o
i
it}
o2
12
o
N
)
X
=2
o
8

Z+3te] #a fluctuatione A
=¥ At Maiers=[52] Ti, Co, Ni, Al's 2% ©]F°] %] hard magnetic ¥ (Ticonal X)&

A7 of FFulel F/1AA A4E GRS A GuRge] NERE A4

F4A 713 Hh= gofe] W Eo R Az o) A7+ B 2l
Q = AAdEE stol Astd aela AsEA @2 FEe Wiy 22d dads

,37,



(correlation function) <M_(0)M. (7)) & | 'ML|29‘EEE1 (2™ 11). o 71A

M = F2A43 M(») o Fourier M¥olai  Jr- & M(») 9 ASWE g o 7

o

ol MEolt}, A3 A e AR A Y A7]dFE S (self-correlation function)® Y
MEEo e A== Adyet Ao Fd3 Ay
A 2ol Hast AL v Has wakolgte AMAS 4 5 AddTh o= H|AF3E AbE] )

A y&kdk x3=E 717 bundle model#= iz H o

2 At} o2 HE A3FE= randomst

Cui «Cox @A (x=0.01) Hir=a7] 100~1000A A= ZAd A=E
At} o] EHo| g #A7]4FE(magnetic scattering) A O ZHE BWe AFANI =
ZEHATHB3] 2714 E e 4EE(=17 300A) diet & Ay dgorys e 3
AW (radius of gyration) & 7}@o] #ZH gt 3| ke zpr|akete] fidk Hl =
Co A== Hd3 Aste] gt ALbdatel dA s 243t 4ol = hysteresis7}

BEE oy ATl = B5HA @kt ol AAWAN o oS W

2
O
-

3 /oA (shape anisotropy)s A& stt}s ol 9 120 Z=AHo=2 R HIA
o & YA A= o field7F 99 W Apr)aktel digk SAkeke] vl @ o Ast
ojEg (19 13). o= AEF o] Ast= Hd stk S onen 149

aYe APAQ BHANS AA s WAL wolE

N

PRAo7 AR vYZAA NisMnF 2 small-angle scatterings =319 =4)
[5455] AF7] At&ro] A&HAw g9 Curie>=(710K)ol A Al2}A] =& magnetic ©]2 F4
Aok A7)AEE 101109 FHlR sold Arjgdor AYd 5 Qe 1 9952 ¢
1,50070 ] ¥zrER2 Hojodth. o] scattering®] {17F A71F@ A€l @ o Wkl o
g oEA S ofF At o= AskE flollA AEE Ao sold Soll &5 o
Atk Eolth A2 FAHNAE matrix ZHE S A74MES B 5 T E=2 fielddl
el = matrix’} FLEA AsH R 27| Abere Algbdol Abekald o m HE] &3

T %ol 9 field7b 9L W Sofd FHe] Ast= F9 matrixel oiEd WEFS W

,38,



Fig.

11

Contour

— 1000 A ——

%&e \ 0 \\
\\\&“

\ \ N

i\\ \\\f\i\:‘ h

MAGNEHZED

DEMAGNETIZED

lines of the correlation function

of

the

magnetization,

{M,(0)M (7)) as deduced from scattering at a Ticonal X sample in the magnetized

and the demagnetized state. z is the direction parallel to the rod-shaped precipitates.

M,

the correlation is below the average value.(after Maier[52])
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12 Magnetization of single-domain particles
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Fig. 13 Small-angle scattering from Co precipitates in Cu. is the ratio

a/ exp
[ (d0/dR) yug+ (d0]dQ) s 1/(do/dR) ., and is plotted vs x R,, where x R,

is the average radius of gyration. R 4 =160A for curves 2 and 3. For uniform
magnetization within the precipitates the experimental points should fall on the line

a = 1.66. (after Ernst et al. [53])
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Fig. 14 SAXS results for Xe-irradiated a-Si:H(logarithmic scales). Thebroken line is

a Q3 fit for the scattering data(%) of the unirradiated sample. Fluences(in 1017
Xe m-2): w:1; :19; 0:31; 0:44; v:45. (After Fratzl et al. [61])
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Fig. 16 Comparison of the flux-line velocity ¢, determined by neutron

diffraction(full circles) with the velocity E/B from the Lorentz—force equation.
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Fig. 17 SANS pattern of weld metal HG with high content of Cu after

different pretreatments(as—received, irradiated, and annealed).
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Fig. 18 Size distribution of the scattering defects for base metal GG with high
content of Cu after different pre-treatments(as-received, irradiated, and annealed after

irradiation)
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and (f) JPH.
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Fig. 24. Analysis of matrix copper contents using improved techniques of
large area scans and spot sampling for the high—-copper plate JPA6; (a) unirradiated,
(b) as-received unirradiated condition, (c) unirradiated plate after additional heat
treatment of 6h at 770C, followed by water quenching, designed to maximize the

amount of copper in solid solution.
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Fig. 28. The precipitate volume fraction dependence of the matrix damage
compensated hardness change in plates JPA and JPD-JPH after about 14 mdpa at
290C

t}. Defect Cluster

:

Defect ClusterZ5F-8 9| 4Hghd FF Z&=7b vf¢ vta o]dd A9 X-4 3]dd 3ol
M= olF Bragg Atst wiitel SHo] ofH{Al " aER old 7

A= oJERE A gel7)o] golsttt. 53] AZEA TS defect cluster ¢ =Z7], ¥
=g oS 7] Sste] AbgET dRbH ez SANS = AAAVA ATek B
o2 FF AEHETh Schillings (8712 1&FAAAE ZAFE CuollAl A2 2 vacancy
cluster ¢ A7zt 22 AFHFA S s A7) 9] SANSE A &stdnt. o
A oFgk sbghel A= cluster %9 AdAdo] #FEHA=H, o)A 1A 9 1/5~1/10
e w2 Zom  AHY ¥& ARE  KaiserZH88] FAARANE DL
4x10%nem 2 (E>0.1 MeV) 1 n&FAA el AbE Cu @A Abgh3d o2 HE

Adol=d], o] dlolEE= g A4 280A 9 3x10% loop em® I A7 90A <] 107 loop
cm” 9 F 7HA] AV|EEE VMR Jun AYEY. o] e AR n] A4 A F[89] =

%

B =343 3 ThomasS 3 90] Larsons[91]o] 28 X-4 Huang Ab#o 2 H g

AN
o

#ye Z dAsta Aok 2HAdH s, dFuE, YA 3 e EAE a&EFA A
ZAE RS wol= ABAE vacancy cluster £°] 2o =Z7] (100~1000A)%) voidE &4
goh AR o] AE A7) void o Y B AV|EEE HAAAW A o]t

T2 g Atk AllA 20~100 A o Z71E 7R vl A2 void o] diE A= SANS

,57,



2 Abgatel FaAATHIZL 17 205 Ao 10° Ao Mol o2k g o 10° AE
o] W9e] o2& ZFxE s FAAMT HoHE RojFEth oA k>0.017A

A EAE=U93] SRR dlolE ek & dAsta vk AF oA R oA Abee

i

2 void o ¥ FEFES Ao xsta JA @k vl A4 60A FX=9] void 7}

A, ol5e] £4) WlE 10% o7t 2 Al

. L T T
= J
Sl [ b teen J
:~ ol -
2 o [ . A
;‘é 10 _— B, —
K} B, 7
> - [ kY B
=107 - -
Lé) — x -
g ) XQ 4
Z 0 = \ ]
z N A :
(O %

=z _ | od -
@ 10 I ?2‘? —
?:1 - 4‘;{ R
S - 'Y
Q

(2]

=)
L

< 1072
SCATTERING VECTOR % (A™!)

3
3
w

'

Fig. 29. Scattering intensity for an irradiated aluminum single crystal with voids
(Hendricks, Schelten & Schmatz, 1974). Data are taken with different

sample—detector distances.

3. SANSE °|&% IqEH=E Ag A+
905 9
(MANET) ° s}
ofe] 7FA e Al dAYE A AlmelA SANS o 42 29 300 vEd

=

o AEEA dE wERIXO]EZRQ] Next FEuropean Torus

&
o] SANS[94,95], TEM, X-A3]d 2 U HFnu}2a[9697]5 ] =ALE AT}

o714 A7l QS w (29 30@) & W (29 30(h) o 2x¢Y ¥A] contour 7F
veby vk 27 30(0)e] A 84 (g o Bag Q)= TEM o ¢ste] A% [89]
Fhatol =l o] 3k Aolth 19 312 2 A Sl F A wRel| oste] Ao

Antg vlwa Relth 17 3009 A71H 24k @ opye B Cryxd o

AE X-Ad3h fFvpgel] osto] sQlsiglom, Hsigh ARl st

rle

53 B gl

o]A SANSE Abg3sto] d7-aka ATH98]

,58,



Multidetector

Monochromator Magnetic field Scattered
\2 Beam

o Undeflected

—E"
Primary Neutron

Beam Sample™vs Beam

R: 3 .
YAl a4
g \ |O|—A sm7
K,

L=64cm

(b}

o

Fig. 30. Experimental layout of SANS experiments on MANET steel: two

—-dimensional intensity contours without (a) and with (b) magnetic field.

100 300

NR)

(aw)|

100 300 500 700
{nm)
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