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Neutron Scattering Advantages:

- Neutrons are highly penetrating; bulk materials can
be studied.

- Neutrons exhibit different interactions with varying
isotopes of the same element.

- The difference in scattering offers the unique
capability of labeling
e.g. the exchanging of hydrogen against deuterium.

- There is a scattering length associated with the
interaction of neutrons with a magnetic moment;
magnetic structure can be studied.

LANSCE can receive radioactive samples

unclassified

X-ray and neutron scattering
lengths for selected elements

LANSCE
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Small Angle Neutron Scattering with

Instrument Scientists: Rex Hjelm (hjelm@lanl.gov) and Monika Hartl (harti@lanl.gov)

frame overlag
T-zero chopper chopper

removable or exchangeabls nose
pieces to accommodate sample “\\.
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collimatar

standard sample
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oplical bench

1 A

scattering flight path
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Q range: 0.003 to 0.5 A!

Source to sample: 8.40 m

Sample to detector: 4.32 m

Intense source of long wavelength (“cold”) neutrons; A=1-16 A
Energy and wavelength vary as TOF

~1 nm — 100 nm features

unclassified

The low-Q diffractometer, LQD, is
designed to study large-scale
structures with dimensions from

(1 nm - 100 nm).
Examples of problems that LQD can
help solve include phase
separation, phase morphology, and
critical phenomena in hard and soft
matter and in magnetic structures,
colloid and polymer structure,
biomolecular organization, and
bubble formation in metals.
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LQD’s sample holders (cuvettes)
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Sample area of LQD with the sample changer in ¢ yettes are easy to fill
place. The sled (pink arrow) holds between 5 and 10 with solids as well as

samples. liquids. The thickness of the
L cell is 1 or 2 mm; Special
“OD-I’J 118 Shape and cells with 3mm and 5mm
Y ) dimensions of our thickness are also available.
—hZ0008in samples
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dz/dQ (cm™)

Materialip |P®% 5 ¢ | N o A | s P s | Ti Vv |cr Mn Fe| N Cu Nb|Mo W Other
(g/em?)
HCM12A| 7.7 0.09 10.0424 0.30 0.005 10.50 0.52 bal 1.04 1.5 026 1.43 Ngz’ga
g NF616f 7.7 0.0017 0.109 |0.0474 0.0042 0.005]0.102 0.012 |0.0032 0.194 | 8.82 045 bal |0.174 0.064 | 0.468 1.87 E
10 ?_ T T T LI | T T T T LI L | T T T T _5 . .
E E Irradiation to 3 dpa
14 3
sample NF616
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3 »
; " - peaks
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1E-4 Y . e 4
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1E-5 . !
% Background ~ 0

Black line is just a guide for the eyes
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Silica Particles/d-water

Solution of Spheres

1000 o The case of the dilute
solutions is characterized by NIST Percus Yevick Model
T T 1 scattering from “isolated”
i particles. A 0.1% solution of
w 10F 1 silica particles in d-water is
£ shown here. The higher order
e 1r 4 peaks are a signature of
£ ¢ Data monodispersity and are
] Model Fit
S oot Vg 4 limited by instrumental - . . .
' resolution. The fitted radius is R spere Solution of Spheres
vor , NIST | R-563A. i i-
0.001 0.01 0.1 3 ! § 1
Scattering Variable Q (A™") ﬁ o1 ﬁ o
Model calculations for polydisperse spheres " Scatong waionumbar a1 " caterg ovenumbr a 1)
10° Single sphere Solution of spheres
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10° - polydisperse spheres
= 1 S
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R=100 A
10° L 10% polydispersity
&=010 (volume fraction)
107 L e ) 1 T :
107 107 10" 123 .. p Tradws
(A" unclassified LQD




2 L) I L) I L) I L) I L)
1 Guinier plot sample NF616 1
0+ Linear Regression for Bookl_H: N
Y=A+B*X
1 Parameter Value Error 1
-2 A 1.26838 0.06036 -
E B -31258.48381 768.73707
=t b \PS 4
S ° R sD N P
-4 - (] —
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Fsphere (Q’ R) = |:3[ (QR)3

]T

sin(QR) —QR cos(QR)]}2
(QR)?
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NIST

R=395.3A~40 nm

Data: Bookl_B
Model: user-sphere
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Log[l(Q)]

. Porod plot sample NF616

° Linear Regression for Book1_F:
° Y=A+B*X 4
°
° Parameter Value Error -

-9.37492 0.14191 4

B -4.14557 0.08501
7 3D object
R SD N P i
4
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log[Q(A )] Q Q
rough smooth
surface surface
SURFACE FRACTALS

I = % + B orLog[l(Q)-B]=Log(A)-nLog(Q)
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Material ID Zf'}?ﬂt% B Cc| N o A |s P s | Ti Vv |cr Mn Fe| N Cu Nb|Mo W Other
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Linear Regression for Book1_H:

Guinier plot Y=A+BIX T
Parameter Value Error ]
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R?,

=3 p2
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R=403.0A ~40 nm

Data: Book1_B
Model:
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Log[l(Q)]
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Magnet

A-ratio scattered intensities perpendicular and
parallel to the sample magnetization.

For chemically and magnetically homogeneous
particle, it is given by (assuming that the form
factor P(Q) is the same for nuclear and magnetic
contributions):

i @

2
APrag J

(dZ:) =it [ Alonucl
dQ J,y

Little-no contrast
between matrix and
particle.

=

S

a
Neutron beam m
p
|
e

Magnetic field
~2T

Particles and matrix
have different
magnetic properties.

e

Neutron beam

nclassified

SANS experimental
setup for measuring
the contrast between
matrix an particles in a
magnetic field. In the
case of LQD (measuring
in transmission
geometry), only the
component normal to
the sample plane

contributes to b, ...




SANS with Magnetic Contrast | 1(Qu)

(unpolarized neutrons)

Magnetic contrast

(AM)* = (M, —M,)’

1(Q))
Detector \

Nuclear contrast

(Ap) =(pp = py)

/]

“particle” matrix

N
| o

I(Q) oC (A,O2 4+ AMZ Sil’lz (P) F2 (Q) S(Q) n z:on;iclsersterms for each
D

1Q)) _ Ap” +AM
1(Qy) Ap?
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(d z) . 8) =N 8o ISP
A= 1H

2 . ,
a2 I — NV2(8p)*{3lsin(gr) — gr cos(gr))/(gr)’
(dZ:) Apnucl mc h;Xf
dQ /I'H g a T
A-ratio
magnetic scattering length: b agn(Cr)=1.08 -1012 cm

b nagn(Fe)= 0.6 -1012cm

Ap - contrast factor: difference in scattering length density

Examples (from J. Van den Bosch)

® M23C6 (Crg Feg 35): 3.5
e Vacancy clusters or voids: 1.0-1.4

e o’ Cr precipitates: 2.03-2.13
(taking into account the average magnetic moment: p=2.20-2.39 C,)

® Cr-13Mo-8Fe-3Si: 2.35
(measured by Gelles and Thomas in HT9 following neutron irradiation at 425°C to high dose)

unclassified LQD
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I(a.u.)
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e Vacancy clusters or voids: 1.0-1.4
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B

1000 Data: Book1_C
3 T Model: user-sphere
i Equation: y = P1*(3*(sin(P2*x)-P2*x*cos(P2*x))/(P2*x)A3)A2
100 = Weighting:
E y No weighting
10 +
E Chin2/DoF =0.00753
] RA2 = 0.95223
14
3 P1 272989 4012628
0.1 . P2 329.27173 +9.8139
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l:sphere (Q’ R) = |: (QR)3
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1000 4—
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Model: user-sphere

100
0]
14
o.1-;
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165 ]
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Equation: y = P1*(3*(sin(P2*x)-P2*x*cos(P2*x))/(P2*x)"3)A2
Weighting:

y No weighting
Chi*2/DoF =0.00017
RA2 = 0.99494

P1 1.8893  $0.03472
P2 307.86514 +2.5835

(0]
X OQ)O@ of O
@O & © 1
4o © E

1€-10 1

= 1= (APpag << APna) = NV (Ap)’ = NV (Ap, g
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0.1

R=395A ~40nm
(Guinier) no magnet

R = 320 A sphere model
no magnet

P1 nuclear =2.7 cm?!
P1 nuclear + mag =1.9 cm?!
P1 control =2.4 cm?!

LQD
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Data: Book1_B
. Model: user-sphere
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- —O—HCM12A nuclear + magnetic 2
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dQ Alomag .
A= rasy T e Vacancy clusters or voids: 1.0-1.4
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dQ ),y
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Data: Bookl_C
1000 - T — T T T T Model: user-sphere
E Equation: y = P1*(3*(sin(P2*x)-P2*x*cos(P2*x))/(P2*x)"3)A2
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R=403 A ~40nm
(Guinier) no magnet

R =415 A sphere model
no magnet

P1 nuclear=1.1 cm?!
P1 nuclear + mag =1.1cm?!
P1 control =1.6 cm™!
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(From:J. VandenBosch IANL

Phase precipitation in HT-9 at high neutron

B wdk
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Voids in 12X18H9T (18Cr-10Ni-Ti), analog of AISI 321 steel irradiated to 0.6 dpa at 350/430/350 °C:
a) large voids on sub-grain boundaries, b) spatial distribution of smaller voids.

SANS is a complementary technique to TEM which measures similar length scales;

Differences:
SANS makes determinations on ensembles, TEM on specific views;
SANS uses nuclear + magnetic contrast for species identification, TEM maybe limited by

coherence of the crystal structures between species and matrix.

LQD
21
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Conclusions

Both samples are constituted by spheres embedded in a matrix;
» Sample NF616 is constituted of spheres of an average size of 338 A;
Sample HCM12A is constituted of spheres of an average size of 390 A;
» Both samples are constituted by spheres of vacancy clusters or voids;
Models are being improved in order to provide other kind of data like

the degree of polydispersity;
At LQD we’ve obtained information of the shape, size and type of
defects in the steel matrix.

unclassified LQD
22



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

