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A study wa’. cai’t ted out a I thi’ At oin i ~
‘ W ea pons l ’ e a r ~’h I s t ahi i shinent

AWRI. ) , Al derina ’~t on , Lnql and , on t hi’ U~.t ’ of suta ii — anq i e neut ron scat t er~ n

(SANS) for non—~Iest ruct i vi’ eval nat ion of a 11 ov~ of tec hnoloq i ~‘al importance

A range ot ’ f errous and it i i’kel —bas e d supe r a l  loys were exant i ited in diff e rent

s.’ond it ions. SANS is sensi t lye to the devel opment of’ he tcroqenei t t e s  havth

suf f i& ’ ient sc at t e r i  nq pOWer for neutrons . it is oiic 1 uded that this

met hod c a n p1 ay an i mport a i t t  ro 1 e i n .t 11 oy deve I opu~’n t and 1 onq ranqe alloy

t e s t proqrams
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Introduction

During the month of J u l y ,  1978 , a series of experiments were carr ied

out by this investigator at the HERALD REACTOR , Atomic Weapons Research

Laboratory (AWRE), Al derrnaston, England. The program was carried out

cooperativel y with Dr. R.J.R. Miller , who is the scientific director of

the SANS facility , together with Mr. A.J. Hitchcock. This investigator ’ s

aspect of the study was funded by the Office of Naval Research and the

Naval Air Systems CoMnand and was aimed at examini ng the feasibility of

emp loyin g small -angle neutron scattering (SANS) as a technique for non-

destructive evaluation (NDE ) of technologically important alloys.

Prev iously, such studies were performed principall y by workers in

I tal y as well as at other European SANS facilities. these programs were

reviewed in a previous comprehensive report produced under the ausp ices of

NAVA IR (1). Last suniner ’s AWRE experimenta l program enabled us to examine ,

on a first—hand basis, the possibilities of SANS as a tool t’or the NDL

specialist. There are , in fac t, some defin ite conclusions forth com i ng

which are based on the AWRE experience . These will be discussed in the

followin g sections.

As was outlined in the Progress Report (2) (Appendix 1), the follow i ng

experime ntal program was planned:

1. Fatigue of Ti—Al loy Disks (Webs and Rims).

I I .  Hydrogen Imbrittlement of HY-130.

III . Hydrogen Einbritt lement of Iron.

IV. Creep of Stainless Steel.

V. Hot - Isostat ic Pressed Supera lloy.
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V i .  Inco l oy .

V ii . Hastelloy .

VI II . incone l and Alumina-Co nipacts.

Experi m ental

Portions of the above goals were carried out at the Institut Laue—

Lan gevin (ILL), Grenoble , France , in cooperati on w it h Dr . G. Kostorz ,

with whom this writer has had an ongoing collaborative agreement.

Dr. M. Suenaga of Brookhaven National Laborato ry assisted Dr. Kostorz

in  the carrying out of the ILL experiments. In fac t , during the perform-

ance of this experimental program , there was close cooperation among the

AWRE people (e.g. , my host and co -worker , Dr. Robin Mi l ler) ,  Dr. Suenaga ,

Dr. Kostorz and this investigator. We frequently spoke by telephone on

matters re lating to the experiments. If , for example , the intensity was

found to be too low at AWRE (e.g.,  to perform the long wavelength experi-

titents on Ti ), the experiment would be moved to ILL. Dr. Suenaga , in

fac t, travelle d to AWRE on his way to ILL to p ick up the appropriate

specimens which had already been studied at AWRE. Thus , a compar i son

becomes possible between the results obtained front a medium flux reactor

(~5 MW) and a high flux reactor (“~5O MW).

The details of the HERALD REACTOR , as well as the SANS facility , are

discussed in Reference 1. It will , however , be of interest to review the

facility here , si nce it has just recently become full y operat i onal , and ,

ac tually , our work was among the earliest SANS projects carried out on

HERALD.

Schemati call y shown in Figure 1 is a side view of the AWRE SANS

facility . For all of our studies a specimen-to-detector , D, spac i ng of
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4.3 meter was emp loyed. The vacuum chambers in the neutron fl ight path

are on tracks , and , using an overhead crane , the chambers can be added

and removed, changing the length D. The specime n chamber is large and

easi ly accessib le.  Neutron wavelengt hs are determ ined through a mechan i cal

veloci ty  selector. The Q-ranges wh i ch are ava i lab le  for D spac i ngs of

1.7 , 3 and 4.3 meters are given in Fi gure 2.

The LET ! area detector was insta lled in late 1977 and is operational.

There were some difficulties experienced from spuriou s counts , most

probably, due to electronic connectio ns. It was thus required to process

the raw data “by hand” , using computer-assisted methods. There was also

some difficulty encountered in transferring the data from the detector

sto rage unit to the disks in the computer room. These temporary d i f f icul t ies

contributed to slowing down the experiments. However , due to exc el l e n t

technical assistance, and as a resul t of fine cooperation wi th  the AWRE

people , these limit ations were not too serious.

The cold source of the HERALD REACTOR is shown in Figure 3, and the

fl ux output is plotted versus wavelength for different refri gerants in

Figure 4a. The LET! is depicted in Figure 4b (after RJR Miller , AWRE) .

In rev i ew, the HERALD-SANS facility has the fol l owing specifications:

Power lever: 5 MW (Medium flux Reactor)

Col d source: li qu i d H2/D2
Col d Be fi lter for D hi gh pass fi l trati on (

~- 4

Fi ne sl it coll i mator coupled wi th mechan ic al veloc ity selector

(Mg-Cd alloy cylinder) .

LETI area detector

Inc ident neutron wavelength; 4-25 X .
Wave len i th resolution : 8~
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-2 -lFlux at samp le at 6 A: ~ ‘. 10 ’ nuin sec (at 5 MW )

Beam s i iv at sainp 1 c : 30Mn wide x • ‘Duin hi gh

Resy ts

ihe experimenta l results will be reported in the follow ing manner:

1. Ixperinient

A. All oy

B. Contact

C. Types of Experiments performed

D. Results

I. I ati~~~~ fTi-A lloy Disks (W e’bs and Riii~J

A. Ti -6V— 4Al (Samples cut from rotary disk forgings)

B. Dr. G. London, NAVA IR

C. A range of fatigue specimens were exami ned , having undergone low

cycle fa t igue at room temperature or 3OO~F. SANS spectra were

taken at the reduced sect ion (m iddle) and at the unloaded end

section . In one case , a run was made near the t ip of ’ a fat t que

crack. (Cold neutron radiography experiments we re also performed;

under the auspices of G. Tuckey of AWRE.)

Experiments were carried out with 6.5 and 8.2 neutrons at AWRE

ttt d w i th  12 neutrons at ILL.

D. I or these speci me ns a difference p lot is considered. That is , the

scattered intensity , at a given angle , be tween the middle (fatigued )

section and the end (non—fatigued) section. An increase in scatter-

ing has been detected from the loaded sect ion. Thi s is due to

either fatigue—induced phase modif icat ion , void fonnat ion , or
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cracking. TIM studi es must be carri ed out oncurrently w ith

SANS to dcli m m ’  at e t hi s e l f  e t . I I gu m e ba — b show the scatter i rig
spectra for end and middle of the fatigue specimen , the Gui tt ier

plot , and the Porod anal ysis (see  A p p e n d i x  2 ) .  There is a linear
0

reg ion which gives a Gui ttier radius o f  200 A. The Porod plot

t mi d t ca tes a comp 1 ex surf a e  structure , but does i ntply the presence

of di sLreet particles (or void s). The slope could be changed to

:ero through appropriate addi tions of surfa ce—induced scattering

terms. Nothing par t icu l a r l y definitive can be stated at this

time on the mat te r of a Po rod an (11 y si s . Ideal l y, however , it

s hou 1 ii be puss i tile to de t ‘rut I tie t Pie spec if i c surface of t. lie

scat ter ing en t i t ies , and, thus, the volu me t r act  ion .

We were concerned that the Ti 3A phase , wh ich is kiiown to be

present in th is alloy , was giving doub le—Bragg scattem’ ing for
0

the 6 A r ic i t oti s wh ich were emp l oyed. The re should be a 7 and
(I

9 A spacin g within the compound. A study w a s thus also carr ied
0 0

out at 8.2 A and 12 A. The 8.2 A results were very si m ilar to

those for b ~~~, though the intensity was very low. We attempted

to examine the system at 12 X , hut the time required for proper

experimental s ta t i s t i cs  would have taken up an entire weekend ,

so onl y a re lat ive l y short run at the lonqer wavelength w as

feas ib le .  No c lear changes for the 12 run were detect ed. The
0

Specime n was then sent t o  ILL for a 12 A study . The results of

that study indicate th~t no si qn I fi cant doubl e—Brayy scattering

exists for this system follow ing fatigue.

The r~ni and web b of the d is ks are known to have different textures,
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tnt t th i s was r i ot re t I ec t el itt the deve I opment of scm t ter i rig

aii m sot ropy . The’ imp Ii c a t t  c ) t tS are’ : I ) t Pta t t he  ~ 
‘

( T i  ~~ ) , wh i cli Is known t o  be present in th I s alloy dues not

have a strung on emi t at ional i.e 1 at iou w i (Pt the in~tm’ i x ;  om.

the sc at ter i rig W h I c h  we are’ ohst rv I nq is  clue to v o t  is turin—

tog within t he’ loaded region. Si l i c e ’ the b u g  wave’lt ’tig th runs

t e ’ld ’d nothing s l g n i t i L a u t t l v  di tft ’rent t rom the l uwem’ wave-

length runs , 1 t cou 1 ci he cc iii ’ 1 uded that the vo ids are the sources

of s i t  ter im ~ ( I i  ,A~ h is  a s u t f  i ~ ie ’tt th 1 arge Bragg spacin g w h i c h

should ~ t old mne’asura bl e imm t eu is  i t~ clue to dou ble— Bragg scat te’riny ,

even fo r  :~~. . ‘ neut m o t i s ).

It must thus Ito con e I uded that the presen t SANS experiments oui

the rot ary d is ks , though not drama t it . i ll v showi uty fa t  i gue damage

ire u f f 1  c ient ly  se m is i t  lvi’ to the c y clic load ng tha t fur the r

I nv ’s t t ga t i ott 1 s w.t rran ted .  c o  1 d neu t ron radio raphy was performed
I

as no 1 1 . lIt ’ av a il mb i 1 i t y  of low emie rqv neut runs t roin the

r e ac to r ’ s co Id source present s t h e  opportun i ty of h i g h  resolution

neutron raei iograp hy. Indeed , some pre l i mn i na r~’ studie s dranma t i ca l lv

de’mt~j ut st  rated th is .  B. I uc kev of AWRt examined the c racked

spec’ i men and c ompared the m e  so It w i t  It norma l t he’ rma I rad i ogm’apliy

1 Put’ ie ’sul I is surpr isin g , in that usin g c’ol ci n eu t r o n s  it is

puss I h i’ to de’tec t t Ime crack when it was barel v i s i b le ’  w m th

he nu~m I neutrons . It i s hoped t hat a Navy- AW RL c on t mc t iii t o l l ow-

through on sou~’ to t n t  s t  Ut.1 I
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I i .  P~~dro,~en L w b r t t t ) o w e n t of H Y - I 3 O

A. IIY -1 30 Stee l (Pressure v essel steel , tough and weldable: no itm ina l

c o m p o s i t i o n  - C (0 . l0~ ); Mn ( 0 . 7 5 ’ ) ;  Si (0.25 ’~); Cr (O .b0~ );

Ni (5’~); Mo (0 .50~ ); Some V and A~ (
~ 0.l~ ).

8. PP . Zann is , NSRDC , Annapol is, Ma ry land.

C. To exa immi ne ’ i n situ electrolyt ic chargi ng of hydrogen into 1/8 inch

plate.  The speci mens were notched at NSRUC amid reimma ined loaded

by the insertion of a peg. The netch strength of the immaterial

ind ica t es a of 70 ksi root inches. Charging will be carried

out  at the target position on the AWRE SANS spectrometer in a

t4aC~. solu tion , pote nt iostaticall y at 1000 itmV . Two specimens

were received from Mr. Zannis. Base li m es will be established

(at the notch t ip and away from the crack) See drawing be b ow for

posi t ions ( 1) and (2 ) , to ascerta in the potent ial for SANS to

detect  i n c i p i e n t  s t ress  corros ion c r a c k i n g .

0. No results are available at this tiim ie . There was insuff ic ient

time to perform the experiments during this investigator ’ s period

at AWRE. It is to be noted that these experi ments ntust be carried

-



out mm  a satur ation mmm agm t e t m. t i e I d  t ci ,I~ o it.1 t rout’ I t soIuo ~huh1 iii

n~ I l s c m  t t et ’ i nq . Mi 1 1cr et ml . wi II , mm • ry out these m mivos t  i g m —

1005 mm m d report the result s to t lie U. S. Na v~

I I I  . mi_s ti ro~ en i nibri t t louk’n t ot I t o n i

A. P t ’rro ~~m~ t

B. 0t . ~t . Suo m im g, m , [ii rect on ’, Meta l I urg~ ~ Ma I i’r i al s Sc men c e , Brookhaven

i ouma I I ahora t o m’~ • li p to mi . Long Isi ,mnd , ‘~ew V o i k

It is known that i rom i i s  s u h t e c  f. to a t t a c k  by hydrogen , g i v i ng

m m  so t~ emobri  t t 1 eimm en t . T LM h a s  l imn i ted cisc I ul loss for  e’~~m mni iii mi g

im o i n n t t O  I is pec: t s 01 t hi s t ’nmhr i I t I Omnt’’l t duo to  di It  mcci  1 t i ’ s  in

o b t a i n i n g  va l i d  p a r t i c l e  s t a t i s t i c s . t l s t n i  SANS , on th e ’ ot h e r

• m t i s pos s 1 hi e to ‘mup 1 oy i ho I k spot. i ~ ‘mm ,m mmd , (Piu s , to

o \ m l i i  T i ’  t h e  ave raqo p rop o it  los assoc m atod ~ i 1Pm ?m ~ droqt ’n (or

m u ’ I h mi n ie ’ ) hut”bl e I omiu m t ion.

iheso o \per i u mk ’ m i t s  ~oi’o ca rnm e ’d out coo pe’r a t  ive ’l \ wi tim hr. B. Lc’ stor:

it Ill mo d w I t h  Dr. Ii. Su o mia ga of  BrookIi~ive ’n Nat lund I I ii ’orm f t

h i t ’ ILL t i c i i i  Iv Pi t s the ’ I mit ens if ‘, and c t ~ l u t  or ha rdw at ’ e’ nh itli i s

requi rt ’cl f o r  sc a t f or I ui g f rom pure ’ metal s mmmd al io~ s w i t  hi det e’c’t ~

The  spoc m iens t o  be st udj oc i we re ’ charged it tIOC) p si ~ i t h  Pl~ it 41S t’

f or  dii Ioreui t I m m ’ s .  Th e DI ii spec t romne’t or C c . t s  enip i e~ od it the

.0 mete r  posit ion us ing ) . ~l ut e u t rom is .  01 course. eiu i ’iii ci SAN S

im, ’,m .urt ’I mn ’ui I • t h e ’ spec m iens we lt ’ mmmaqn et i t . ’ i  11’ sat urated p1 aced

h I n oi m I Ito p0 It ’s of iii e’ I c t  roimm agute’ t t.i f ~ . S k i l ooem’ ’.t i’d 1101 d ) t o

i ’ c i t t  m mm m gntm ’t i t . demma iii s it t on i ng .

L



1). Porod p lot s i r e liowim on P 1 gu no s ba amid bb fur pure i ron

spet. m ntens di t b r i n g  in gra in s i  . c ’ . T h e r e  is a ~,iyni t i c a n t

amount ot scatt er in th i i s  data , wh i c1 could be decr eas ed if

Io mtge r scattering tim e s W O t ’  used: 15 mm m i nutes was general 1

u s e d in th os e e,s pt i’m m n  t s • wh o rca s t.mum hour 01. two wou 1 d have been

preferre d (But t i no 1 s requeti 11 an unob ta i nab Ic 1 u’ ury in these

c~~p ori m rn�um ts • due to the vem ~ buss reactor schedule ’ ).

However , severa l Imi te re s t I ng f ac t s  emerge from a Porod ana1~ si s

Of these resul ts .  Mos t a pparemit I row the p lo ts  is the fact

th a t  the IQ 4 sa tu r at i oui leve l (nom ina l I~ level  reg ion) ,  inicrease s

with a tm i ni c rease in t m ime 01 c b m ar y I n my ( i .0. , compare f or - Fe A”

I igure ba , I 110 hi) — I ( A s )  w i t h  1 (40 hi) — I ( A s ) ) .  A l so , the re

is no strong grain s i re  o f t ’c t , imp ly ing that bubble fonnat ioni

( b e l i e v e d  to  be 1 1 ) does riot occu r  at q r a i m m boundaries, but

~ It hi n the g ra i mis . It i s t ur t Pier i important to note t. h a  t a ii mica r

regi on was not observed i mi any of the ~ii I — vs . — Q~ plots. This

imp lies the presence of a very wide distribution in bubble size.

Further wo rk is requi red in this program to del imi eat e the Porod

behavior w i th  greater accuracy , amid (though difficult in  t h i s

case) to attempt compariso ns with TIM. What mi gh t be mitore

fruitful , on the other hand, wou ld be f r a c t u r e  s t u d i e s , corre—

la t e ’d w i th  SANS mt iei sur enme uits . These m ’esul  ts g i v e  us euicourayenment

fo r  the FlY — 1 30 studies • wh i c li are now un der way.
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IV .  ~~~ of Sta in less  Steel

A. Type 304 Stainless Steel

B. Dr . M. Suenaga , Director , Metallurgy & ~a ter i a l s  Sc i ence ,

Brookhaven National Laboratory , Upton , Lon g Island , I4cw York.

C. The following type 304 stainless steels specimens were studied at

AWRE and at iLL (under the auspices of Or. G . Kostorz):

1 . As-received

2. Soaked at 576°C for 144 h , no loa d .

3. Crept at 576°C

4. Crept at 576°C

Since the stainless steel in question is austenitic it was not

required to magnetically saturate the specimen.

0. A gain , as for the Ferrovac E s pec i mens w h ich were char ged w i th

hydrogen , the crept stainless (as well as the as-received

materials) showed no clear Guinier region. However , as s hown

in Fi gures 7a an d 7 b , the Poro d behavior i s c lass i c , the

1Q4 - vs. - Q4 p lo ts levell in g off at a value dependent on the

amoun t of cree p that the s pecimen has undergone. Cree p 1 and

2 refer to different time s of loading at-temperature . These

t i mes are curren tly not ava i la b le , and are being sought. How-

ever , the results are clear: Annealing will give an increase in

effec tive total scattering volume , and annealing at 576°C wi th

loa d will give a rather significant increase.

Shown in Figure 7c-d are optical micrographs taken of these sped-

mens in the as-received , anneal ed , and two crept conditions ,

respectively. It can be seen that the major change which appears

—
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during creep is grain refi nement. This is reflected in both

ha rdness an d increases , Figure 7b. In fact , the Porod

analysis parautmeter , 1Q4 increases by a factor of 8 from the

as-received to the creep 1 condition . On the basis of this

lar ge change from the as-received to crept condition , one

can calculate the ratio of scattering surface between two

condit i ons from the Porod app rox imation:

~~ (I) x = 2~S (c- Cb)
2

for Q Rg ~ 2.5; where do/do (I) is the differential scattering

cross-section , Ca and Cb are the scattering length densities

for the matri x and scattering center(analogous to atomic scatter-

ing factors for x-rays), and S i s the surface area of the

scattering volu umie . Assuming that (Ca
_C

b ) is independen t of alloy

condition (which is a good just approximation) , ratios can be

taken , yielding: I

1Q4 (creep 1) - S (cre ep l) - 8
1Q4 (as-rec ) 

— 
~~fas-rec) 

-

and for the annealed specimen:

1Q4 (ann.) = ~_J !!! ~!i__~ = 2
1Q4 (as—rec .) S (as—rec.)

It is thus obvious that annealin g under load will give rise to

the development of approximately four times the number of

_ _  _ _ _  - A



‘ t. it ten’ m rig coitters th aum f o r  r i o —i u~d an tm tea Ii 11(3.

At this t t int ’, i t. is di f t icul t to com i c I ude what w i l l  he’ the

in se cit i ricrease in hot ii fiat-dries s arid I Ll~ . These c hamiq es

w i  11 an .c eIther from a de crease in yra in s i  zt  or t romim load—

m umduccd proc up I tat lou t oh a h i ne second phase . Al so of t mpor—

I mmmcc  is the pet s ibm Ii ty of forum i rig hilt p e e -  vu id,  w id e r— i  o,md

~mt — teumm pe ’rat uro . Clearly, TIM s t u d i o .  t i e  t m 1  led ton’.

V. b lot— lsos t~m t i c Pressed Supera II oy

A. tlL )INI 1 /00 ( No mmmuuta l co mm i post t utu; Ni , 5 3 ;  t m , i S . ;  Ccc , I t t .5 t ,

Mo , 5.. ’ ,; A c., 4 . 3 , ;  11 , ,l .5~~; 1, , 0.0tT~ ; B , U.030~).

B. Dr. V.  W I hits; MTU ; Mutt i c h  • (
~e’ rmumamly .

C. Pleat treat mim ent ar id ag in g  of fl i pp ed m l  icty :

1 . Ihfj IML 1 7(30: b liP @ 1100 1,, 1051) Bar for ~
‘ hi’s.

‘ . LI— /Ui): (h P), So lut ic ini  t reated at I l /S i’ for ~
‘ f i rs .

3. U—/UI) (HiP), Solut ion t re ’ m t e ’ e l  at 11 .‘ii ’ ’C ton ‘ hrs .

4. # ‘ p lus  three ’ — s t  ago dqe—hardt ’n tr ig .

5. #3 p 1 us th rt’e’ — stage 1(10 — ha rdenm I rig

• Li . I he rt ’ ’ u  it 11mg s c m t t c r 1 rig d ali to r~~em’ mc ’s 1 , .
‘ ami d 4 are gmven

in F I gur es Ba , b and :

P om’ t h e’ igm el spt ’ c I uteri #4, 11 gure Ba, one sot’s a ~. I ear Bu in t e n

req r o u t un time ramtqt ’ I .b IiqQ .. 3. I , t b it ’ slope of which v io l ds

F 
a Buirt  m en rmd I us of te l ~~ . As ar m ml .o be soon t roum the’ p 1 cit s

I he no a ri’ Ii near f’orod req I c en t s  , wit I c h then deviate from 11 rica ri ty

due , uutost likely, to i nico he rent s c a t  tori nej

—

~

. 
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0
the ~l A pa r t ic les  wh ich  ire ’ observed 1 m m t i me aged spec i immen

( #4 , I I cjure’ 8a ) a n’ e’ coltmpd rdt) I~ in s I .~0 w m t im p nec i ~ii tat e’s hound

• uto nt mal ly in TIM. C lear l y, t bte re is sca t te r ing  w h i c h  is  a r i s i i t e j

frommm I m ite m l  sur’faces oth er t hart proc I p i t  at e s  . A c:ommmp relmer is I v~’

commmb lined TIM—SANS stud y Is appropriat e .

V I.

A. ~i00 Alloy (I ractum ’e spec i mime ’n )

B. tin . M. Suen iaga , Director. M c l i i  lurg y & M a t e r i a l s  Sci e nce ,

Brookhavemm Nat I ona 1 Lahora tcmry , Up tort , Lc m umcj Is 1 ~umc f , New Yo rk .

C. Stress ruptured spec immme n

U. Pre l m u  nar y  AWR1I rt’sui t s  are une :e ’ r ta iii : lb is spec linen w i l l  be’

e’xdnm i ned fur ther  by AWRL workers. I itt’ i l L study i s shown in

I i gur e c_hi for end vs. tip (time f’i-acturecl portion) tot’ a t h i n

slice t part Ic it’ ani I ys i s - It i s seen t h a t  t h e  radius of’ gyrat ion

i tic red sos about 1 U~. froi im t he non —cle f op’nmed end to titi’ I rac Lure tip.

In I lejure tJ[) is shown a Guin ier plot  f ’o i - t f t  i s  alloy m u  sol ut ion

tre’i ted condi ti on. A low Q regi on shows cii Rq of ~
g I whier eas

a h i g h  Q Lrmt ~m lys is  y ie lds 170 X.
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V i i .  ila - . t c ’ l ioy

A. All oy \ (Disks)

B. “ c ’ c ’ V i .

i’ . #1; .m ’~- re’c em ved .

# ,~ ; soaked at /Uil” L , rio I ce ad -

#3; c r ept  at 100” i’ ( 1 4  kst ).

Li . Goem d se.~l t ten bri g , Lw t rio t hu i rig m qr m i t t  c ai m I cit tin s on t h e

. ~rtt o ri mm g profile. A t h a t  di s k .mn i a iv ’ . r ’ . is show n r Im

I go re 10 , whore t h e  i n  r t t ’,m p ‘“,) r urn t rid i c  at t ’ ’ . a Gci l i mier

• r1id iii’ . cit 50 for’ Sti l ut t ort I i-eat eel a n d  4.’ ton the de l united

• t i p .  T hest’ si miii 1 an t i c ’s are’ somm k’w h. m t m u mt c ’rt ’s f t  utg , slu ice

opt ic ~m l m e t  all ogruphy shows sign i f i t  ant di It t ’rences be’twee’rt

soi ut to n t r ea t eel ar id cle f ce rm m ncd s pec l inens. II M st cid t o s  a n t ’

t o  i ’m _ c ’ mi t I y undo r w a y at Brook htave ur on t im e ’ Sc ’ s I’’’’ u interns -

V i i i  - Mm Sc oI l ,mneous

I he 1 oc onit ’ I o ‘~pc’ t’i ri mert t s I’na Ii & Whi it rio ’, , Pa l iii Beat ii I ion ida ) have

riot ye’ I bec ’n e a r n  I eel out - 1 b i t ’ porous a I dliii i 11 ,1 - .pet i m nt ’ u ts h av e  be’t’ u t

e ~a mum i ned at AWR L dun i rig t hi ts  I n y c ’’ , t i ga ton ’ s I t’niure t here . l ime

rari smn i ss ion t at ton’., hcewever , a re not et ava m l ate I t ’ - I hose lO s I’~

a l- c ’ curren t 1 y underway ~it AW RI , and t h e  t u m m~m I n’t ’sU its wu 1 ) hope’t ni1I~
be ,iv ,m n 1 mLe It ’ by the end of th t c ’ar -

ton m e Iti’. n orm s

it is 1 ear t h a t  e eril y a t rae’t t teu m was comm ipi of eel 01 our ’ t it t en ded proyraiti.

-— 
- — L~~~~~r~~~~~~~~ 

—
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The initial goal of this one itmonth study was to demonstrate the feasibility

of SANS-NDE . An d , indeed , in this investigator ’s view , this was , in the

ma i n , accomitp ]ished. However , one month ’s researc h on a new nm ach i ne cannot

be sufficient to accomplish a great deal in the way of results. A nuittber

of the experiments which are presentl y reported on were carried out by

collr ’agues at the Dlla spectrometer at ILL . This was necessitated both

due to an effort to obtain a reasonable auttount of data and due to the

greater intensity available at ILL.

Overa l l , ‘it is clear that the SANS method is p a r t i c u l a r l y  s e n s i t i v e

• to the presence of a high void density (e.g., hydrogen in metals). The

presence of voids can be detected at a relatively low volume percent (and

further work should be aime d at determining this figure). Deformation -

induced voids are also good scatterers , an d t hus c reep and fa tig ue are

good candidate processes for SANS . Voids due to less-than-theoretical-

density compacts can also be detected (e.g., alu mimi na). Thus , SANS i s

employable in HIP studies of, for exam p le , superalloys.

As shown by the Italian workers (see Reference 1), second phases in

technolo gical alloys (steels , alu m iminum m i-base alloys , etc.) give rise to

significant scattered intensity in SANS , and the coarsening of second

phases (e.g., in serv ice) can be readily detected (wi thout thinni ng for

TEll study!). Furthermore , SANS “sees” the bu l k  and , therefore , i s expected

to average the ntaterial. Good particle statist ics are thus expected.

Of great intportance is the occurrence of double-Bragg scattering in

studies of defo rnume d crystalline m aterials. This can be avoided by employing

neutrons of wavelen gths of at least twice the largest Bragg spac i ng for the

crystal in question. Some concern , for exanmm p le , arose i n the present work

rela ti ve to Ti 3At, which has large cell parameters .
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Tlmus a cold source is requi n-ed for a large nm uummber of physical

mm te t ali ur gi c dml —type studies. A further be ne f i t  of having a cold source

is the ab i l i t y  to carry out NDE w i t h  cold neutro n radiography , a mm~ st

usefu l technique for looking at coitmp lex systemtts .

[ii discus SI on Wi tim [Jr. MIller arid co—worke r- s at AW RF , it hecamile

apparent that SANS will not always he useful , but rather there are a range

of interest ini cj problems for which SANS could umm a ke high ly imm tport am i t contribu-

tions (e.g., Ref. 1). We agreed , in  pa r t i c u l a r , that solid solution alloys

per se of fe r l it t le  prospects for ac ;t ini g as stron g scattt�ri rig systetims .

Unless , of coum-se , considerable vei l d to nmm at i on occurs.

Rat her , for the most part , it w i l l  he t i m e’ m u m u i t i phase sys tc ’mums arid

the ni~ di t icat ion o the phase d i s t r i b u t i o n  i n — s e r v i c e  that w i l l  present

i uitere s t I rig studies u~ I rig SANS . TIt is tact bias been deimtoum s trated t im ime arid

agai mm , here amid in the I tal i an work .

The AWRL group is cor it inuinej to carry out arid to c o mt m plete the

experi niments l is ted above . We are m m  agrec uumerrt that this sort of wo rk should

by all mmm eans be continued. This writer s h all present a proposal to ONR and

NAVA IR such that it can be continued.
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i i~j ume  c apt iou’ .

1 . Schc ’mmm a t t c of HIRALU RLACTO I~ SANS I ac iii ty .
S Q ~~ 

) r -amnge ’s for di b f ene u m t Ii va lues -

.3. to l d sceunce WI th i nt IIIRALD.

4a - I 1 ins spec t r u m m m  ton e itt tet - et i t r e t  i -i qei’ant s -
4b. Li 11 Area L ie t e c to r - .

Dift e’PO ui c t ’ sc a t  to r i ut e j spe c t ra  m t  the ? f o mm m m of a G u inm ier plot (See

Appt’rmc i I \ 
~
‘ ) ten’ Ti —il I ely . 1)1 ft e’re nice ’ be’twc’ort t at I cj ued autd utor i—

f at i tjueet u ’c ’t i i outs .

b , l’o ,’od p lot cit eli t fem’ en m c e spec t m’a -

I’ - l’om otl p lot  (Appeutdi s .
‘ ) tot ’  btyc ir o t je u m c hta rgc ’cl I nt o  I erm - ovac L for

di t t e ’reum t t t i m e’S -

-‘ a .  I’oi~id “cuc , m l y s l s  lsc ’c’ App e’m t chis 
~
‘) to n - t~~t e ’ 304 s ta in m l e s s  s to o l  m m

v~m m - i o u s c oumc l t t lonts.

lb .  I and i~oc kw e ii A liar-dimes s ton t ype 31)4 s ta s steel iii

various cou ch ti ou m s.

7c .  O pti ca l imt icu’ oejm ’apbis of type 304 s tainmlc ’ss s t e e l  in var iou s coum d i t i o nms ,
amid
let - mel a te’d to i i gune lb .  /c — 1 00t)~ ; le t — 100 \

~ t. Gu i ri l e ’ , -  ple i t to n hi pped UUIMLT 1 mm v a r i o u s  co n ch t i o n s .

- Poreid p lots for - b ml ppeel [JUl IlL 1 iii van ems cou ch i t t  onis -

ar id
thc.

‘1 . L mmeole i y :

a - Gu 1m m me t - p lot  I ten t im in sheet s

Ic . Guinier p lot fo r sphere’s

1 0. ha s  te l l  oy Dot tout , sel l ut ion t rc’a ted ; top, etc fo ,’nmmed at — temutper atut ’e .

Gui mu it’r - ~u mma lys i s for t hi  n sheet.
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SANS St udy f Technoio~j~~j A , 1~~-,c ‘~~~-~H

Al loys which were (and are current ly t I~~nq) ~tudi,~’~
a- 1 . Titaniu imm Alloy from Disc  ‘-, 4~r~~i o n — F  , mt ’ 1 111 ’ (T i —~ — 4 ) .

2. IIY- 130; Hydrogen Fmbr ittlemmme n t of Notched Specimen.
3. Stainless Steel (Type-304) - creep study .
4. Pure Iron-Hydrogen Embritt lement.
5. UDIf~1ET 700 - HIP; Hea t treated and ACJiflIJ study.
6.  !ncoloy.

• 7.  Hac ie l loy .
8. Inconel .
9. Aluminum Oxide - (Alumina ) - PrestreSsed and Sintered

Varying Densi t ies.

This study , which is aimed at showing feasibi l i ty , was carried out by

this investigator at “The Ato mm iic Weapons Research Establishment ” , Al der-

mas ton, England (AWRE). AWRE is a laboratory administered by the Ministry

of Defense, U. K .

This prelimina ry research program on non-destructive evaluation using

small — angle neutron scattering (SANS), was initiated and supported by the

Nava l A ir Systems Command and the Office of Nava l Research a- The centra l

goa l of th is aspect of the effort was to show feasibility of SANS through

studies of technological alloys in conjunction and at AWRE. This investi —

gator spent the month of July working together with Dr. R. Miller and his

— 
assoc iates on the HERALD REACTOR . In a previous report written by this

i nvesti gator , (Non-Destruc tive Evaluation of Materials with Cold Neutron 
S

Beams a- Contract No. N00019-77 -M-04 l8 - December , 1977) , the detai ls of

SANS and the AWRE facility were described . Since that time, a LETI area

detec tor was i nstalled and tes ted . In the ma i n, the com puter hardware

has been instal led , a nd softwear programs are operational , with only minor

debugg ing being required . Dur i ng thi s investi gator ’s stay at AWRE , there

were minor proble m s w hich were encountered : eq., absence of an i nter face

between the data acquisition system and the data analysis computer. This
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m m (’A ess i t  ~m ted thu ’ t i- a- ins t em - of dat5m S y  ~mapeu - tape W h i h  wa- i ’, ma i i m l y ineff ic ient

S annoy I nq • t~u t rio t rca - i I ly an es s u ’nt ia 1 probi ma-I

Over al 1 , dum- i nq my st ay a- the comumputer systemmms operated ably and the

S 

u’eac to,’ and c o l d  source wo,’ked pert Cc tly. There were no shutdowns to l lowing

the  om - i~1 I na-i l reat: to,’ s ta- ir tup cyc le -

~a- I ui~ HI RALL ) is 1 j un ted to S mmm eqa wa t t s a- the f l u x  output wa-is low , hut

(in exp e ?ri? mm emi t ~c u id be c a r t ’  led out in ‘ hours tot ’  a s tronqly si-a tterinq

‘a-y~ t e mmm . Thus , a larqe numm ibem ’ of e~peP- iuitents could be carr ied out durin q

thi’ , inve s t  iqa tor ’ s v i s i t  to AW RL .

flu - - M i l l e r  w i l l  co o t  i umue a nummmt - e r of the runs wh ich  wer e not com ’mp l eted .

I h t ’se m ’e ’ -,u Its wil l he reported iii t h e  I i uma I Report omi this : oum t ra - m~, t

lIe I ow are q i y en the e’\~m em -  lumen t a- i l u-uns which were carried out and those

~ 

c u u- reri ~, I y tindem u .iy - The deta i l  s of these t’\ pen imm en ts a-i mid t he f i  nil i nqs

w i l l  be g iven in the I inia-i l Report.

1~ The range of experiments which were ca ru- ied out and which are s t i l l

underqoi rig study— to—c o mmupi eti on w i l l  be presented accordin g to the fol lowin g

schemm ie :

I - I 
~b)~’ 

im iment

A. A l loy

Il - Con ta - ic t

C - 1 y~ce of e~ per i men ts per t on um ed

I) . Resu 1

- I au ~Jue of T i — A l l o y  D~isk , (Webs and r ims)

A. T i - 6 V - 4 A 1 .

(I. Dr . G . Lom idom i • NPmVA I R

H
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C. SANS at centra l reduced s ”ct iou i  and a - i t  non- loaded end. A

I arge nummmber of experimmie nt s were per tor ’ ’ m’J ,mt AWR [ - In ad-

dition , Dr. M . Suenaqa of Brookhaven Nation a l Labora tory and

Dr. G . Kostorz of Max -Planck- Institut , Stuttgart carried out

mim easurem iments on one of these specim imens at ILL , Grenoble,

France, at longer wavelengths and at considerably greater

neutron f luxes .

D . An increase has been detected in scattered intensity whi ch

is attr ibutable to fat igue. Theoretical and experimental

studies were carried out to evaluate double -Bragg scattering

due to the Ti 3 Al (a ” ) phase.

In addition to SANS studies , cold neutron radiograp hy (CNR)

was studied of these specim imens. In one very interestin g case,

the utility of CNR was demmmonstr a ted when the full extent of

a crack was observed with CNR ; with normal thermiial neutron

radiography , the crack was barely noticeable. The p la tes

will be included in the final report of this study .

I I .  Hydro gen E m b r i t t l e n m e n t  of _HY- l3 0

A. HY-l 30 steel

B. Mr . Zannis , NSRDC , Annapolis , Maryland .

C. To be completed - in s itu

charg i ng of notched fracture mechanics specimens.

III . I~~~’o~en Fmuhn it t1e mm m en t of Im’on

A. Pure It- on

B. Dr. M. Suenaga , Brookhaven Nationa l Laboratory

C. Hydrogen introduced at 4 75 0C under pressure of 900 psi

for up to 70 hours. Methane bubbles presumed to have for m ed

0. Clear scatter in q ,dependent on aimmount of hydrogen , at Porod

region due to VOi dS

- 

- -  

A
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IV . Creep of Stainless Steel

A. Type 304 stainless steel

B. Dr. M . Suenaga , Br-ookhaven Nat iona l Laboratory

C. Creep of 304 stainless steel at 575°C - interruption

experinient

0. Si gni ficantl y inc rease d sca tter i ng at the Porod

region (higher angle portion of the SANS reg ime),

clea rly indicative of void formation. Effect is

dependent on timue of creep.

V .  Hot - Is os t a t i c  Pressed Superalloy

A. UDIMET 700

B. Dr. V. Wil ni s , MTU , Mun i ch

C. Hea t treated and ageing of HIPPID UDIMET 700

0. SANS shows excellent results for the aged specimens ,

the sui mall second phase , 70 ~~~, being clearly identif iable

and comparabl e wi th accepted TEM results.

V I . Mis cellaneous Superal loys

Incoloy, Hastelloy , HIPPED alloys , inconel (creep

failure specimen ) are currently under study at AW RE.

Some preliminary results indicate tha t the scattering

is strong. The results w i ll be i nclu ded in the final

report.

V I I. Pressed and Sintered Pure A l 203

These s pec imens are avai la b le to us i n den s it ies rangi ng

from ~60% - ~l0O of theoret i cal densit y. The spec imens

scat ter very s trongly due to lar ge i ntern al sur face areas .

The fina l results will be contained in the fina l report.

Conclusions

A t this stage it can be concluded that SANS m-epresents a good pos- 

- —-a-’- — ~~~~~~~ - -a-— —- - 5- — -— -— ——-- -
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sibility for an ef fect i ve metho d o f me tal lo graphi c analys i s. The techni que

affords the possibility of evaluating averaqe bulk effects in both two phase

precipitation strengthenable alloys and in void -containing systems. It is

clear to us that long wavelen g th neutrons are essential for most of the

technological work which we encountered , Le . a col d source .

The above experiments were carried out princ i pally at AWRE , Alder-

maston , bu t several were also carried out at ILL , Grenoble .

The final report (due by October 31 , 1978) will detail the results.

L — 

-



App~~di \~~ Ele m ents of SANS Th eory *

The primary purpose of a sm all -a ngle scattering experiment is to

determ uuine the angular distribution of the scattered intensity . Methods

-; of analys is of these data provide information abou t param eters such as

size , shape and distribution of the i nhounogeneities.

~~~
S_,a -~I ~yra t.i on

The intensity of simmall-an gle scatteri ng is related to the differences

in coherent scattering length density between the particle and the matrix

as well as to the number of scattering centers. In the case of groups of

widely separated particles (dilute concentrations) which are randomly

oriented, the scattered intensity is given by

1 (Q) = ‘n ~~ NI2 (Q) (1)

where N is the average number of scatteri ng particles , I,1(Q) is the

intens ity scattered by a single nucleus and F2(Q) is the average of the

square of the structure factor of the particle and is also the Fourier

transform of the shape of the par ticle. The quantity Q is given by

— 4mm sin )~

where .~ i s the wavelength of the inci den t neutrons and 2o i s the sca tter i ng
-
S angle.

*‘~~~erence 1 should be sought for a more thorough review of this f ie ld.
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The scattering intensity at very sum u al l angles can be closely approxi-

ma ted by

‘ = 1 n ~~ No2 exp [ - Q2Rg
2
/3fl (3)

where n i s the number of nucl ei per par t icle and Rg is the radius of

gyration) of the particles. Although strictly valid at zero scattering

angle (for jQ l R 9~ 
1.5), Eq. (3) is a sufficiently good approximation to

represent the intensity curves over a finite region , es peciall y for

spher i cal part i cles . Therefore , the rad i us of gyrat i on can be determi ned

from the slo pe in the l i n e a r  re gi on near zero ang le on a plot of lo g

1 (Q)-vs-u 2. Fronm Eq. (3), when o is measured in radians , we obtain for the

rad i us of gyrat i on:

R - ~ 3 (-Slope)
g 4 ~ Log o

Rg is related to actua l radius , R, for a set of spherical particles by

R =  /i~i Rg (5)

At suffic iently large angles (i.e., R
9
Q 2.5), the Guinier approxi umuation is

no lon ger strictly valid.

The above procedure holds for a system u of widely separated and random ly

oriented particles. If the concentration of scat tering particles is high

or if their interaction is strong , the curve of F2 ( Q) ,  wil l  be mod i f i ed ,

and the app arent R
9
, as ob tained from the Guinier p lot , wi l l  be smaller

- —  

——---a-- ---_---—--
~~~~~~~

- --- - - -  - - -~~~~~~~~~~
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depends only on the total volume of the dispersed phas e , and is in dependen t

of the degree of dispersion; that is , the vo lummme of the part ic le.

The zero value of intensity , 1(0), increases , for a fixe d concentration ,

with the volume of the particl es , as seen from ,

1(0) — I,1(0)NV
2p2 (7)

S V is the volume of the particle and , p, it s nucl ear dens ity. For a f i xed —

concentration , NV and p are cons tan t , and 1 (0) increases with V. Hence ,

the quotient I(0)/Q~ i s a measur e of the volume V of t he par ticle. It

can be shown that

(8)
2~
2

Thus , no absolute intensity measurements need be made to eva luate the volume

of the pa r t i c l e .

surface area: Porod has shown that for the special case of a two-phase

sys tem , each phase being of constant nuclear density and arbitrarily distrib-

uted ,

lini 1(Q) = 2ii1n(Q )(
~

p) 2S Q~
4 (9)

QS,0

where ~~) is the di ffe rence in nuc lear density between ph ases 1 and 2 and

S is the total area of the interface separating the ph ases . The absolute

value of intensity at lar ge Q, i.e., the higher ang le reg ion of the

d iffraction curve , depends then on only  
~

p and S. The equation predicts

S 

‘ m
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that the outer port ion of the sc a t t em - iu - m y curve decreases asymptot ical l y

w i th Q~~. Th is  fact  is useful in confi nni rig the cxi stence of a sharp

interface between the heteroyenei t ies and the mmm a t r i x amid for establ i shiny

the range of Q ove r which the surface area mneasuremnents can be validl y

carried out. This uumethod involves the absolute mm ue asu m -emmie nt of l imm i 1 (Q)
Q.”-

and si n~e Ii mu 1(Q ) 10 , the intensity for time inc i den t beam mi , this cannot
Q

be done sa t i s fac to r i l y .

To avoid the d i f f icult  mumeasure mue u’it of 1
~~. 

Porod introduced a nor mu mali -

~at io ri procedure . He showed t ha t  S/V , the surf ac e-to—volum ume rat io ,  known

as the ~pec if ic  surface , S
~~

a- can be exp u-essed as

= m mC 1 (l-C 1 )~~~~ 
1 (Q) 

~~ ~J Q ~
1(Q)dQ~ (10)

where C 1 is the f rac t ion of the volu nme occupied by the phase 1. If the

particle v o l u m e ,  V . is knowui , the sum-face area can be deter mmu ine d. The

d i f f i cu l ty  is that t he mior mu ma l i zation integral m imus t be eval uated between

zero and in f i n i ty in Q. whi le  the oxperi muenta I da t,a covers only a smual 1

part of this range . Extendin g the iuitegrand to the upper 1 iini t can be done

anal y t i c a l l y , si r mc e the high ang le part of the experi mem ital data depends

on Q ’
~
. Howeve r- , ext  r-apo l at i ny the da ta to zero any l ~a- is a more uuicertai ii

procedure , and, hon to a- t ho ro w i l l  dl ways be some uncerta in ty as to the

~ U u 5 i ~ ‘a- of’ t i t ’ m’~sul t ~a-

I i m’ n ~~ vo mime I m uds of a m ’ a 1 ys I s have been app 11 oil to the study of shape ,

su :o • a - m u d u s  N i  hut m ~Sf l  of p m’e : i p ita tes in uumeta lii c systeu mus , in  part ic u l a r ,

1W a-a - o u t ’ s i n  a - ma - i ’ - ha -mr -dm a-ne d ~l umni nunmm a I loys. The distr ibut ion of the zones

is po ly~li - p t r’ a - t ’ a- and in t e rp a rt i c le interference effects predo m i nate. Hence .

~
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the conmputed results mmmu s t always be treated with caution. This w ill be

expec ia l ly  true for much of the applied wo rk which is discuss ed here .
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Appendix 3

Contribution to ONR-London “European Scient i f ic  Notes ” ;

Oct.  1978.

-~~~~~ a- - ---- A -’--



— - “ ‘

~~ 

- - fl -~~~ ~~r - ~ c ~fl 
- — ~~~~ ,.a-, , ,_, -a-- -

S ~‘ S L i  I . S i , ~ 1 I ’ , ’tfl ’ I ( ’ ~ 1 z ulu ~a-~~, m t t e j i i~~ — Aim I~Ipdat e

~ ii~ m I I - ,uit~lo ~-~c , mt toning ot ’ I ight , - \ —  ray~a- and umomutrou ms are tedumiques which

can be nLsi-d to study- col lo i da l - l i ke  part id es ranging in size from ten ’ s to

thousand’s of Auigs t i’onns . A considei’ai aimmotuit can be found out about a

nunmnben- ei  a - mvot - ac.e p rope i’t. ies of su ch t r u e  1man’ticle s~’stcmns : e.g. size ,

s L . t ’ ~l i~~a - t  z’i hutiozr , shape , sux ’ tac o cimau’acto r i s t  ics , internal St ructui’e of

b~o1o~ ical and po lymeric subst.uices. iho range of reseam-di fields which is

Ut I i: tug si;u Ii - ang le scat t eruig techniques is vast indeed: biology , physics ,

chc~ui~a - t iv , nmtatt ’i’ials sc lenuce.

I i i  i~, ’t i-e re c ta - m m’ . y e a - m i s , sm.m i i —  .umg le ulcut r oil sc a t t e r i n g  ~S.-\.NS) has emerged

a- i s  a pa r’t icula rEv imupum -t aim’. t ecinunique inn the rea inn ci’ ‘‘l’ine particle ’’

science. In t a - n c ’ .  a- SAN S has ~ka-vi’ loped pm ’iil c ipal lv in Lurope. X— rays and

0 1t  1 ca -n I Sili II- ~umg1e scat tel ’ n i t ~ hate a- u  Iso JoVe 1 oj~ed St i’ong ly, but ~‘~\S is the

lair—lu iri’d teclum iqine ot ti me day - 1mm tim e m e t  a - SO~ ¼1ISt ant tutui’e a- wi th  the

c ux ’ r~~ ’i ice  01 ~a -t  eI’age n i .  (c . . , t he Nat temna I ‘uc_itm’ ot ron la- ight. Source
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respect to SANS in Europe.

Be fore doing so , it would be best to review those properties of neutrons
S wh ich mnu e SANS so desirable a technique. ‘Ihe neutron, for starters , can

penetrate a thicker specijmien, so that , for example, large nuetallurgical

specimens can be examined. Of fur ther importance , neutrons having wave-
0

lengths greater than say 10 A can l)e emp loyed , still with good transmission,

and can titus be used to avoid double-Bragg scattering from crystalline

speci~muens Ia- see below) . Another important aspect of SANS is the possibility

of the occurrence of a considerable differential scattering length between

two nuclei , when , for the case of x- rays , no intensity might be forthcoming

(e.g, iU-Mg alloys).

‘Ilie SANS prototype , and the leader us well , is the institut Laue-Langevin

at Grenoble , France. ILL remains the de facto international center of the

field, with workers conning from the world over to carry out SANS experiments

at this 1umique facility. iLL is admnninistered by a tripartite international

group counprised of Britain, France and Ge rnumairy (the directorship rotates

among these three) . Candidate experiments are submitted by scientists from

these t lmree count i-ics and arc reviewed by the Scientific Coimuimittee , who judge

the proposal’ s relative merits, if accepted by the Con~nittee, a specified

num m~ er of days (e.g., one through four) arc allotted. Experimenters receive

assistance from resident scientists , wino are frequently directly involved

with the programs . Nationals outside of the tripartite do use DII, but

access un der  such circumstances will be through an interested, and sympathetic ,

resident scientist.

There arc complaints that the iLL system is too rushed and that it is

m ost difficult to carry out good, thoughtful science in a stop-clock environ-

fluent. Indeed , anyone who has experienced the fatigue of round- the-clock days
a-.
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at ILL wi l l  applec i a- it o  th is view . Unn the othen’ humid , the facility is highly

automated, th e conimputer har dware being such timat good experiments can be

done quickly -- if ( )  proper care is takent in exl)erJJnuerltaI dt,~~ign.

I’he central criteria for state-of- t he-art  SANS include: (1) a cold

source (e.g. , liquid 11 ,/ I) , within the n ’eactor) , so that the neutron energy

spectnunn caim be shifted to lower values , i.e., longer wavelengths ; (2) area

detection , so that high sensitivity is achieved , in addition to enabling

the detection of anistrop ic scattc rinng. For studies of crystals, if neutron

wa vciccngths can be used which are about twice the Br agg cu t-o f f , doubly-

scattered radiation can t be avoided , thus, elir.minating anuioy ing parasitic

back ground in studies of poorly-scattering systems (e.g., defects in crystals) .

in addition , the reactor must be of adequate power to yield intensities

sufficiem ntly grout to give meaningful scattering above background. Lven a

S~a-1~ reactor is capab le of this.

iLL is eminently able to yield optimum scattering conditions. This,

togethe r with fine hardware and a highly professional staff , unuke the Grenoble

facility’ outstanding. It should be pointed out that a tremendous number of

different kinds of experiments are carried out at iLL in biology , polymers ,

physical chemistry , physics, metallurgy , etc.

‘Ihe re are other extre immely active Luropeani machines. The reactor facility

at K1:A , Juiidm, i~,’est Genmcuny, developed and run by la-s . Schumutz , l)rCsen~tlY at

V’mrlsruhe,has been highly productive in solid state physics studies. Much

work has been done at KFA on defects , nmnagnet ismnm , superconductivity , and phase

separation in alloys. The Gui-mans who are associated with the KFA reactor,

however, not infrequently take tUnic at ILL due to the latter’s superior

intensity and the ability one has to go to lower scattering angles (the

1)11-SANS specti-ome ter has a total length of 81) nmneters~).

_ _ _ _  - 
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i n n  Fra - I n mco , at Saclay, the 1)1W reacton’ umow has a cold source amid a LEVI

detector. ‘ihis facility is engaged mnmai mnl y in biological and polyinuer

studies. i’umd at Orphnay , in France, a new medium flux reactor is under con-

struction , with an expected completion date of 1980. Several SANS spectro-

meters a- ire being coimside red for the Orphay reactor, and a cold source is

planned a- i s well.

In [taiy, tinere is a SANS facility on the 5MW CN4LN reactor in Pisa.

This reactor, which belongs to the Italian Army, is rented in part by FlAT ,

which is carrying out noni-’destn-uctive testing using SANS. Specifically,

I. h’i::.i amid hh. Wal ther employ a novel SANS spectrometer , balanced by wires

and cou mutez- -wcighnts to adj ust for the effects of s inking, Leaning Tower

sty le. ‘iheir cold source is li quid propane , and they use a LEI’I area

de tector. l~i:zi and Waither have been n-ennnarkabiy productive with this

less- thma in- ideal set—up. They have , in fact , piomue’ere~i the field of NUT

in :- iung SANS, It is also rumored that Lsp n-a will provide hardware for still

another European SANS laboratory. ‘lhuimgs are still in the talking stage ,

but conn5 m de i’ed is a - n spallation unit for the generation of neutrons.

~n. ienit i~ ts iii i;cnin~umy , by the way, arc in pun-suit of funds for the construc-

t io ’ : ot a - i  pulsed SANS system. No details yet as to location.

t~k~.uiwhni Ic , t i ne UK, though having the availability of ILL , are , too,

building with sonic apparemnt vigor.

! u u  1 Y operational,, and now spewing out data , is the 5MW 1 lliI ~AL1) Reactor

at  the Atomi c Weapons Research LstabIishmu n~ im 1 (AWR1~) , Aldermustoin , England,

which is  close to Reading and not l’ur front Iharwell. lime reactot- is in a

“sanitized ” part of this secre t defense laboratory . a-f) AWRE-SANS spectro-

me ter, fit ted out with a 11 2/1)2 cold source and a recentl y installed L1~FI 

- a - A
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detector , is adinninistered by Robin Miller , who, togetimer with Roger Stewart

of the Physics l)epurtnnnemnt , University of Reading, are looking at “applied”

SANS. Specifically, they are examnüniing creep of Nimnionic alloys . A number

of groups use the AWRE machine to study polym~~rs and metal alloys. a-the

h E RALD SANS facility is a fine, sma ll unit , which is easy to run, and a

delight to behold.

Another facility at 11EI~AL1), but not directly related to SANS, is a

Cold Neutron Radiography ((~NR) development programmi, uimder the guidance of

G.S.G. luckey , who is doing truly remarkable things with cNR. The resolution

and contrast are exceedingly high, amid present new schemes of neutron radio- 
a
-

grap hny (as well as a further justification for a cold sourcel).

Further in the UK is the hlarwell PLLJ’IO Reactor , which now has a 3 meter

SANS spectron mneter and a jus t recently installed LLl’i area detector. There

is no cold soum-ce on PLW’O , so thei r capabilities will be limited.

Also at hlarwell , but perhaps more interesting, is the current construction

of a LINAC , which should be onn line in earl y 1979. a-lime machine is being

built for the UK’ s fusion programmm, but clea t-iy high fluxes of neutrons will

1)0 foz’tinconmming. It is 1)laJrnCd to develop a position sensitive scintillation

deteLtor , wit h fiber optics leading to photomultipliers . a-la-his unit will be

designed and constructed at the Rutherford Laboratoi-y. it is argued that this

mnmach iime will prove the usefulness ol pulsed neutron beanis .

There are cuz-i-ently four SANS units which earn be used by UK scientists :

at ILL there is 1)11 and 1)17 (a newly cons t ructed SANS spectrometer): PLU1O

(hlarwell); and I II1RALD (AWRE) . Roger Stewart (Reading) claims that a SANS
0

machine is needed ofiering a large and variable vector range up to 1 A l .

lie also argues for the possibility of separating the elastic and ine lastic

scatteri ng, with good spatia l resolution. Stewart states: “An additional a- 
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tactor m~hniUm nn nm n s t not be ovei’ Iooked tha t the proposed j iuj unme.. . .will

be inn tine UK na-a- i tin a llux c~ nmpar~nb1e to Dli. ‘Flits has mnuiny advantages

lox - UK scientists; ease of access , ito cus toms j )x’ublemnLS for samples and

equ1~)nneItt , nmno ic innumiediate studies of perishable sainq)les , etc. ”

Stewa rt and his co-workers have speni conside rable tinn~ cons idering

pulsed mme utr o im sources. Care mnnus t be taken , lie argues , not to design-out

t iex ibi ti ty f ronmn such a unnit. For exai~npie, lie is concerned with designing

too sniull a beam cross -section.

A ll inn all , Stewart ’ s an’gunmnemnts for pulsed sources are attractive and

i II denimamnd our future at tenition .

I n  is clear that. time Europeans have led tim e world in SANS. Certainly

the re is nmnuc h mere to be done . In z’ccogmnit ,iomn of this, in- time United

St~it~~., the Nat ionnal Science Foundatiomi has awarded funds to Oak Ridge

Na - i t io mn,n l  Laboratory to develop a use r-on- iemnted SANS resource. ‘flmis is

nmndeed grat i  Ly inmg, but connne s somnie S vt -ax ’s af ter time ILL-SANS facility was

aim opex’~nt iomma l fact. We are , thus , soimmewim at behminmd time Europeans . But an

added problem is that time Oak Ridge nnudtinne will have no cold source ,

limit ing app licatiomns , inn the ma im , to imoim -crystallinme systems . ‘[has

represents a senious shortcci:u,nmg. Anmie ricai m scientists , in need 01’ state-

of -time -art SANS , will have to keep trave ling to Europe b r  the ioresee—

able I t nt un-c .

I lowevta-r, t here are sommie recent. act iv i t  ies underway , inn titat Ax-gonne

Nat ion n~n I I..ni~ora tory amid Los A lamnios a m L’ COflS itk’rnug various .icceiel’atof

ge rmt ’z a t c d micut m ’onns lox - SANS. Amid tine National l3ureau of Standa i’ds has a

SANS specti-omete m- , also wit hout a cold source .

SANS is t ruly an interdisci p linary cxpe i-imentai. technique. its range

of applications to the life sciences , the piny sical sciences and to NIJI’

- .~~~~~~~~ . - - . . .  .
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studies is awesoinne .

!‘he Europeans have shown us once again , as with automobiles, that

small can be beautiful .

Ii .
lk’p t - t ’ t Mat c n n  a is S~ m i’ii ~ t’ ~. Engineering
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