
THE RESISTANCE OF (Ke,KI>jV LONG-RANGE-ORDERED ALLOYS TO KEUTRCN AND ION IRRADIATION*'
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A scr ies of (Fe,Nl)3v 'ong-range-ordered al'.";•« were i r radia ted with neutrons in the Oak
Ridge Research Reactor (or.R) and with 4 MeV Ni ions .it temperatures above 25O°C. The d i s -
placement daaagp levels for the tvo i r rad ia t ions ware 3.8 and 70 dpa, and the helium
leve ls were 29 and 560 a t . ppra, respect ively. I r r ad i a t ion in PRR generally increased the
yield strength and lowered the duc t i l i ty of an LRO al loy, but produced re la t ive ly l i t t l e
swell ing. The 1.R0 alloys retained their long-range order after ion i r rad ia t ion below the
c r i t i c a l ordering temperature, Tc , and exhibited low swelling. Above Tc the al loys were
disordered and showed greater swelling. Adjustment of alloy conposition to prevent slgraa
phase formation reduced swelling.

1. INTRODUCTION

Long-range-ordered (LRO) alloys in the (Fc.Co,
NO3V system have be"n developed recently at
0H1.X for potent ia l use at >.;l»vat«J terap«ratut«s
l l ) . These alloys generally exhibit high
scrength, excellent d u c t i l i t y , low creep ra tes ,
and good fatigue propert ies at elevated tempera-
tu res below the i r c r i t i c a l ordering tenpera-
tures (T c ) . Below these Tc temperatures, which
vary from approximately 700 to 1000°C depending
on composition, the alloys possess ordered cubic
1.12 struct'lt-.-s. The first: alloy 10 bo developed
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Tlcrostr.ift.ir.il .'.jsponse to n;l'»> at ••levated
t.'Tperitureri l-is Uroady been reported I?.). The
; i-e illoy -MS irr.nH.itcd w1:h •'. :'.oV ''.I ions to
l lose >i ') i,-,i .mi -xlii ni :^d very low swelling
(31. For fusion re.ictor applicat ions, alloys
: l th nickel Instead of cobalt ire Mrc a t t r ac -
t i ve , mJ 1 T.nber of (Fe,Nl)jV LRO alloys have
"-eu.i Vvelopt-d (Tc ' o70°C). An e;irly alloy In
: . . s ;rju|i - is (FOO.'JI " i o . }>)'~>,-' o r 1-^0-16; it
.-.i:j i'.i-' iu-_-<i : 1 ;!ic ''<£-".*•'•-? -e.ictur experiment
L''.aC .as .:.;-.p;-.-te'i : n 'larch 19(50. Thi.- effect ai
chat i r radiat ion exposure at 250, 350, and 550'C
on the nicrustructure and tens i le properties of
;.X0-»6 .ire jir-.'Sented in this 'lajier. Also
Lncl'ided arc the (nain resul ts of expertise* *
using '1 !!eV XI ions '-here the radiation r>. i s -
tance of '.RO-16 as well as newer (Fe.Nl^V LRO
alloys are coipared to a 20i-cold-worked 316
s ta in les s steel standard. These experiments
o.iployed simultaneous injection of Lelluni and
•ieiitoriun to hotter slnul.-.te ru«lon conditions
in.i pruvIJed » rapid -.et!iod of screening the I.X0
al loys .

2.1 Alloy Preparation

Snail (~0.4 kg) Ingots of four l.HO alloys were
produced by ^rc ^eltir.g under ir^on. :e In-
gots were cla.i in rolybiScaun sheet, hot rolled

at 1100"C, and cold rol led with Intermediate
anneals at 1100°C Co a final sheet thicVness of
0.76 a j . The composition and ordering heat
treatment for each al loy are given in Table I .
Also given is the composition of a 20?-cold-
worked 316 SS sheet which was used in the ion
i r r a d i a t i o n experiments as a standar-3 for con-
parlson purposes. The I.RO-35 al loy was p re -
pared with two di f ferent heat t r e a t i e n t s in an
attempt to vary the snoant of s l f sa phase pro-
duced In the n l c r o s t r u c t u r e .

2.2 Wutron Trridl. i t Ion

' ••'. tor :. ' : . iilcd
" i h r i c i f ••.'. f r " - i

the U.O-l-j i..J etpuscd ;.)
0RR reactor it ORXI. (MrE-2 experi-enc).

in the
Three

specimens we. ^ '.leatod with ^.iall e l u c t r i c a i
res is tance "ur'iaces it .i.ic:i t: the i r rad ia t ion
temper-n-jres uf 250, J50 mW ^5->°C. The .;.ivl-
rouaent in th- ^p^o'. -̂ n t:be -•••: ' ' ' i l li-i ^as,
I rr.ioi.it ion tv.apcr itMr«s -vrv --.isur-j.'. md
control led by ^ht-r-ioc-'upl c-s, i:ni j^rti - l t h in
-5°C oi the ' sirt<i fjopc: i i ' i re . The >ccu.iu-
latod flu.-nce .'JS -i.1) • l'J'^ .wul fjns, r (> 0.1
MeV), which produie.) a dlspl ;>.e.joi>t ianage
level Q\ 3.S <ipa. The sr^tuat of V^llu^i ^.eaiic-
a t c l in tho alloy was calculated to be approxl-

y 29 a t . ppa. °ost irr.-.diat ion tons l i e
tt •> were conducted under vacuum (10"*^ Pa) in
an Instron tens i le -tichine located in a shie ld-
ed hot c e l l . The crosshead speed was 0.05 txi/
min .uid s.iocl ,c::s -vre tested it U-.e s.-,-.o tea-
per.ituru asoJ for t'.ie i r r a u i i t l o n . "r icture
surfaces -.-r..- . -u . inoJ :-. ^ ..hioliji:d N-.̂ I at 25
kV. 'Jis--s (3 .̂  Ji O -or Try. -_-r^ o loc t r i ca l

shoulders .v.l •-•lect ro?olis'-.ed in a !2.5 vjl t
H2SO4 ir\ -wthanol solution at -30°C and 27 V
dc.

*Rosearch spjr.sored by the office of Fusion Energy, 'J.S.
\ 'o. '.l-7UO5-c.:£-ld with tV- "r.ion Carbide Corporation.

of Knergy, ur.dcr contract



Table I . Alloy Composition and Heat Treatment

Heat Treatment/
Condition

18 2.5 1.9 0.05

15 tain at 113OCC, quench, aged at 605°C for 5.5 days
15 min 3t 1200°C, quench, aged 3 days at 650"C

plus 30 h at 600°C plus 60 h at 500"C
15 rain at U30*C, cuench, aged 3 days at 65O°C plus

30 h at 6M>°C plus 60 h at SQO'C
15 ntn at 1200°C, quench, aged 4 days at 650"C plus

1 d-sy at 600*C plus 2 days at 500'C
15 rein at !2O0°C, quench, aged 4 days at 650°C plus

I day at 600°C plus 2 days at 500°C
20% cold vorV.ed

as .?n impurity wi t h level? from 100 to WO wt ppn.

2.3 Ion I r rad ia t ion

Disks (3 -m i!ii) of: the t.".o alloys and the 316
SS were i rradiated with 4 '!-?V nicV.cl Ions in the
OR.VL dual ion f a c i l i t y [M to 70 d,>3 at 525,
570, and M5°C. A fvu .ilsks were Irradiated
above Tc (6?0'C). 'U*li\sn arid deuterium ions
-'ere sinol tau^o,^! / inje.-t'-d at r-ites of 8 snd
28 at» ppn/dna, respect ive ly . Since ion i r ra -
diat ion produced <!-.-iagc only lu the surface
layers of the dtsl-.s., r,p.?fial tec)i-!ques were
needed to examine f>:ese layers by TE'f [6] .

3. RF.SU LTS

T\e tens*!.} - n y r r ii .. >>l ;.i". rv. idl . i tod .ind
•'..-MI :• ?n- i r r IU '. n i o '>'-!-> ir-' -:v»:n In F i g . ! .
The a! l. i -lute t e n s i - e s t r^nv; th t>t a n l r r a d l a t e d
LRO-16 d e c r e a s e s s H f , h i l y vi I h i n c r e a s i n g t e s t
t e n p u r a t t i r e '•";,;. K a ) ) v h i l e Ihe y i e l d s t r e n g t h

L-S i c ross '.*•-*' ;a^.e tt '«nperature
-.-. . in .-i.-ld . tvenj ' th is a

-ir t
The
it

-it ton
-'i-it '.

p

i ! .mil ilavic-s (8)
Is

related to a iocc-a.^i' In the degree of order
and have proposed th.u *ho dislocation cx?ve-
.^ents in an '.RO -;1 ! ov with a low degree of
order leave jntlphaSL- boundary t a i l s which give
r i s e to hardening. Neutron i r radia t ion caused
additional hardening ni the alloy at the lower
two temperatures by creat ing defects In the
nic ros t ruc tu re . \ t i>0°C, the yield strength
-\i:; u.ic'ij.\^.;d :>/ th-tf i r r . i d i i i i o n , The i r r . j j i a -

!vJ l.j r.; Auctions in the >:11 i'-.ate t en -
v^th 'i-xc. ,.v it "ii'.^C) and r a t h e r
!ov, ••, in '.-.-1 I l i t y (Klg. K b ) ) .

t i

.ir i -Jt tc

SC'ii:ii;ic e l e c t r o n v.. tu^i'.iph:, af u n i r r a d ' . a t e d
i.^Q-15 f r a c t u r e s u r f j c e s shv j tlie t yp lc . i l
.il '-.;ilci vi'-rjcturc- ^.;:,oi-i it.:.i - . i th '.ncli '-o f r a c -
t u r e ( F i g . 2 ( a ) ] . The spacf -.-f.-js I r r a d i a t e d and
t e s t e d -it :SO'C >-< . . )> ' . - ! i ".> \eii ' . o c l i l e .md
i-.t.-r^r.i •-.•.'. ir fr.i. : :r.- ,...!o \-\f,. : ( b ) ] . Trios*
tested at TiO'C w.-n.- ^ir . i lar . Uil at 550°C a

r iy . 1. ronaiio propcrrles >f '.-KO-ii after
•letitroii . - r i . i i i t i j n '•••> 5XS ' ? . 8 Jpa^ shown as
a func ijii ji te-iiH-r-icui'e ' le*-t t empera tu re
-?(^u.jls •• r r.idi a t i on t e m p e r a t u r e ) .

higher .wrcentase of the fracture surfaces were
int':r£r<inui ar .n nature. I-ig\ire 2(c) shows
seveial exposed grain boundaries after testing
at 55O°C; the linear striations on the grain
boundary surfaces are thought to be caused by
the Intersection o£ deformation bands rfith the
grain boundary. These results indicate that the
i rr.idi at i on veakened a portion of the grain
Souaaartes.

The ~iicvostructiire jf the u.iirr.idiAted LRO-lfr
is show:i In Fig. >(a). It consists of on ordered
a j t r u i.:J a fine dispersion of fee vanadtu;o
carbide (VC.) particles having diameters of ~25
nni. Tho carbide particles have A larger lat t ice
para-.eter and lover coefficient oi thermal ex-
parm'.Tn t"-.jn the r-itrix and, therefore, produced
•;trairi .ontrast in the riicro^raph. The carbides
,!i. . . ' j j i.i • • p i i i x i . i l , ."-•jV'-an-cjV r e l a t i o n s h i p
with the - j t r i x . The alloy also contained a
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Fig. 2. Scanning electron ii cro;:r.)phs of LXO-J6 fracture surf ;c< i, N'fr.re .<nA after testing.

(a) Unirrudiatcd, to-red at K0°C; (h) irradiated and tested at 25O°C; and (c) irradiated and tested

at .WC.

s m a l l amount of. siv.ma ; . ^ a s e . The r.i?,<^ pha?;e c t . , ° . r -i •*/ >\i ~ ,
was present as widely Uattered patches con- a t W J c . '>'£.• Mf)]' c ° l U r ' , s t f ^ l y s i s exp-ri-
tatning saa l l , hlghlv faulted grains. STEM " o n t s " f ^ , ̂  s h o u p d " ' ^ t l l» l o o p s « " r ,

. i i v. J , v v ir v I n t e r s t i t i a l in :;.iture. The ntcrograph in Fig.
nicroanalysis showed it to bo j Jo-V phase con- O / J , , . , ,:', , , .

i ^ I I , , „.„ , . . , 3(d) also shnus tn.̂ r. ^i»v oi th'* I t pa r t i c l e s in
ta in ing sc.-ae nickel , and SAD showed i t to te • •

. . . ' ,„ , _ , , the mlrly. mist hive d i "STOI veH .-hi e the VC par-
tetragonal with ao - Q.?,% n.i and c,, = 0.'.6 m. , . i .• , _ - , / . , . ( ,

- ' ; . I M ; " V I : : ; ! • i r t - s ' ' , ! 1 1 . 1 : - • ! . • r i l r r . n i i . i t i ' : - ; r ' - " ' " s l ' ' ' " . " ' *'.';' i : ' " i : ' v ' : " • ' ' ' •• ' • ' r ' : ' " " ' ' " | ' s

dark, l i e l ^ -'i t h l]io {'. i) . .:;: . .-! ,it t i c e r e t l e c ~ ' ' . " . ' ' ' * '
lion; when .,11 VH, , r , -. . . ,- . ' . t , , i . , i : ; ; . , „ , , „ , ! s v , p r e c : , - : : , , t .- ;.h....e .'<, . !n . " - . • t ! ! ! , , n vi t h t h i s

t h e ilo:i,i;:!s i p p u J r •••:•:•. i>u .1 . n .l;.ip<*, I r r . i O i a - _ . . t , . v • *
Cton a t t h e lower t f T p o r a L u r . - s p roduced abou t s . i f . o n , :vjt :!u-s.-» ,.i . - : . , : . . . • : n . .- ;:-, : , : . - , ; r a i n
- , , , , , . , , , novintl.ii" \ «-s win*re !i : f u s i v n w.n i o r e r a p i d ,
f o u r tiir,(;y "lore d i 3 l o c a L 1 o n s thfin wore found .n . . ,

. > , » . t v , , - , - , / s i l r . c - On- speci~. . -ns . v r v r. •;* .it-.-o \ i c k t o t h e i r
t h e u;ii r r a d t a t eii - i n or ' . a l .is shown in M g , 3 ( c )
f o r 25OCC. l ?os t )i" :)(t- ii bl-ic -»t i o n s w r e ;rna] 1 r t ' b p e c t l V c t-c ipi-r.*: u r - s .01 ."1i:»i.<- U ' s t l i ? ; , I t

i o o p s . •{• -or , but . M > T -1;.'.• \ ' : iu l tor t :oops t .. ,
VL-re fourn! : u spei; i - ( ' i s ; r r r i J ; .11 -d .uid t e s t e d ' ' ' ' " l •.••••-*• > •' • *->-<- ,

i- ; 4 ' r " -u * ' • v ' - • •>/-'{• i . ' ^ : ) v '

.. > ' , ; • / ^ ., > , • " • • . ' •'• • ; ° ~ l ; • ; • • . ; _ • : . _ ; • • - > . ,

F i £ , 3 . l . R O - 1 6 " n i c r u s t r J C t j r e ( . 1 ) b e f o r e : r r . . . i ( u ' i ' . - ' . - • . i ( ; VC r a r t : / ! - i . l ) . ^ V f . ' r e ; r r . i . H a t i o n

s h o v i n g o r d e r e d d o i . t l n s .'>:-.J - V i S s ( c ) a f t e r n e u t r o n i r r u i . u i n n ( 3 . S J p a ) i t Z!>O'C. ( d ) A f t e r

n e u t r o n i r r . u i i . i t t o n ( 3 . S J p a ) a t 3 5 O ° C .



t h e specimens l i s t e d a t 250" C s.how-.d o n l y ve.-iV.
s u p - r l a l t t c c Tt f ) e c l i o n s m 6 r r i s t ^ ^ v t V*. evi t U s -
o r d e r c d to soir,-? e x t e n t by t h e i r r a d i a t i o n . O n l y
a few c a v i t i e s were o b s e r v e d a t 350 and 55O°C,
w i t h c a l c u l a t e d s w e l l i n g v a l u e s o f 0 . 0 0 9 and
0 . 0 7 2 , r e s p e c t i v e l y . T h e r e w e r e no c a v i t i e s
o b s e r v e d a t Z 5 0 ° C .

The r e s u l t s of t h e t e n s i l e t e s t s a i d r i c r o R t r u c -
t u r a l e v a l u a t i o n s I n d i c a t e t h a t .it 250 and 35O°C
n e u t r o n i r r a d i u i o n h ' . r ! o : i s t h e a l l o y by p r o -
d u c i n g s i a l l I r i t r r s t i t i l l d i s l o c a t i o n l o o p s a:id
o t h e r d i s l o c a t i o n s . T . e f r a c t u r e s u r f a c e s of
t i . o i r r a d i a t e d s p e c i m e n s a l r . o e x h i b i t e d r o n e
i n t e r g r a n u l a r f v p a r a t i o - •--••.fch wj<r found t o i n -
c r e a s e in spec- . - t - r . s tr ' - . ' .e . i .it S S O ' C . P o s s i b l e
e x p l a n a t i o n s f o r t h e •-•:• V-T-r.cd ^ r a l n b o u n d a r i e s
I n c l u d e t h e r •:'.'. i t t o n - ; - . .k ;ced •.'.•;;r.i;'.at Ion of
e l e - . e n t s s u c h .is "-•>> 11 • • —, *.i t h e ( : r i i a bound l r l e s .
At t h e t ' - - . p e r . i t u r e s , d" " c , ->'id rv - i i i r a p r o d u c -
t i o n r a t i ' S i - n c r . u m i ' r o d i-i th5 •-. ••>•>'[ i - " " i t , r . . v l -
cy p r o d u c t i o n - i s .'-jry low ur n o n e x i s t e n t which
i n d i c a t e s t i n t t h e a l l o y i i r e l a t i v e l y l o v
s w e l l i n g . ' - ]owev*r, t h e p r - s i - n c e nf >I^raa p h a s e
I n t h e LkO-lft -•.!•; , ' e n e r i l i y u n d e s l r i M » and f o r
t h i s r e a s o n , o " . ' v r . i ! ' H ' M T ( F e . S O - , ' . ' 1.R1 a l l o y s
v i t h d i f f e r e n t c o - ; p o s i ' i o n s h i v e V.o.*n p r o d u c e d
i n an i t t e n p t t o e l I n i v. ;r •• i h i * p h a s e . The
r e s u l t s of r - i d t . i l i o n sc r . - en i ng e x p e r i m e n t s on
some of t h e s e : v w e r a l l o y s w i l l r>:- - e s c r i b e d
n e x t •

'_••..-L.'.O n:-i;i7tn

I

3 . ; ' - ' f e e t of T r r u i : i t •; on on l'.i c r o s l r o c t i r r

Kig. 4. S v ^ l l i n s r-^.isurod In I.R0 a l l o y s and 316
SS (20* C-.') >fter n ickel ion I r r a d i a t i o n (70 dji.i)
v i t h slsvjl t -VIGOUR rvl iu*n and douterlum I n j e c t i o n .

rhan a fur tu i tous rlsr: in the swe l l ing curves
for those 1.R0 a l l o y s . All of the LRO a l l o y s
I rt'itdi .it ed bel o •' Tc r e t a i nod thel r l on^ - r angp-
orderr-d ^ t r i j c t j r r s as shown by the pr-.'^fnee of
suppr l a t t i.-e r e f l e c t i o n s in t h e i r e l r r t r o n dl f-
f r-ipt i on | i i : : . - r n s . '-Ixpcrl ;.<cnt ,il evl^. 'nce tha t
- i ',-ii f i i .T"tt r - u r ! « r ! ;,; !i .1 not .->rciir if i<>r the

a i . i • : i ~ : i : i t . I T . H . . ' . i ' • • •','•' t o r e : n ' - : . ' , .

!*. \ . - . r : . i . ' i l * 1 - i - I s : : , - • ; i t *.. - , . > o V . i ~..;

f i r s t i t ' \ e - . . ' . . , ••-.•: ~ ' . . , i t ! = • . e e n : ! . i t

a l l of the '.?.'! ' . i loys >_id '..".s .welMng than the
31n SS (-0". ',Vi , n n r i . i H . •'•-•ry !oa s-..-el 1 i n;. was
observed ;-i T^.-'15 i s : . :pared LO '.RO-16. V;:ict-
the '.wo li'. ,ys -.-re .)t ••••. i.::-u •'.'.i">s i t ion
e : ' . C ' : p t t h a t ' . ' . ( . ' - " ' • ' - . . i i : i • - . ! : ' . ' : ' - ' - ' i i m a d d i -

t i o n , m e i s : • . p 1 . i - d ' • • ' . ' I I < ; ' • - t " i t r - = I i -i

I n c r . j , i . v : . i : : K - : ' • - ' . . 1 1 ! • . . . • : o . - i ' • • a - - . . J o - - e r ,

with higher :i'--.i-l ront" - i l - . !:. 'n -'•:•-' l.R0-'*'->
L7.O-37 p i i r , :'••.•• ' . i t -m. . . iddi ' . ion Hi.i ' - i t t l v
e f f e c t on the — e l l i n ^ , '.f.O-lti ii.<ti ^on^idei rible
si£iua p'nase in i t s ni cr.;-.L rot. t o re whi le LKO-33
c o n t a i n e d a -,uch sma l l e r .uuunt . l.S{'-20 and
LRO-37 were conip le te ly f ree of s i g ^ a phase .
S ince l.!<0-16 li.id g r e a t e r s w e l l i n g than the o the r
LRO a l l o y s , i t would ippear t h a t the presence of
sigma phase tended to incr..ar,e s w e l l i n g . r.ven
•sore co.-A-i rtci -.,; U the ,:u., K l s o n .?;' the -.well-
ing r e s u l t s S : ; . n i ;.HO-3J and !.SO-35O. both
groups of ^ ; -^c i ' :\ ; . - r e :-ibr 1C'-11.. d t'r^ni '.he
•S.1.7.C ill ' ' . .1 , bo: 7,0-35,." - i . . v , .a tod to p r ^ d u c a
g r e a t e r .L-.OU it *: s ig- . t ; h a . c in the Tticro-
Etr ic" . i r e . ' . i t h o re - i j - . . - . ;.i.l->e p r e s e n t , t t u
s w e U i n g was g r e a t e r than in 1.R0-3S ( F i g . 4) but
s t i l l !css than '..RO-16. i ch the ex.-epc ion of
LXO-35 and LRO-35C, a l l j£ the 1.R0 a l l o y s lud
h igh v a l j e s of swell I n ; ibovc Tc ( F i g . 4 ) . I t
i s b o l i e i e d tha t t h i s bh.irp i n c r e a s e in swe l l ing
was !ue to the loss of ord...- ib.we Tc r a t h e r

• ..- .r: • •.-, i r r i d : it vi t

:i ; - . r . ;<T. ' ' i upon c o o l i ;ij^ t o
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' i: : M 1 H •/If) il i;»yy to swt-1 1 i rig by
r-:iaovi :\t\ i ; . .c i f ie el . ~jc.it s : r •> i the u l r i x , up-
s*.*t t in^; the stof rh i .J .iet ry amJ i-.-ducInf, the
degree <J! .>rder. '*i th a lower .le^ree of order (

vacancy '.i ^ r a t i o n «uul<l bo enhanced and I n t e r s t i -
t i a l vacancy re*: l»i nat ion l e s s e n e d . (Schul son
has proposed that recombinat i on should be
enhanced Ln ordered a l l o y s [ 1 0 ] . ) Such a mecha-
n i s e would encourage c a v i t y growth. S i m i l a r l y ,
•_ .ihaneC'l vjc.ii:cy -ii ̂ ration with losses In reco.-n-
b ina t lo r . -ii^ht a l ^ uxp la in why swel l ing
i-icre.isui d r n a t l c i l l y whe.i the a l l o y s were
i rr ndi .u fd i". the i r di s ordered s t a t e above T c .
The a d d i t i o n of t i t - m i m i to the a l l oy was ~<ore
ef i CLt I ve iu r«Jur i i ^ s-*el 1 In?, in tne l.KO-16—
LRO-35 cor.pir ison when the ni cke l conten t was
- 3 1 S . l io-evor, the n.'chanlsm enabl ing the
reduced -;*ol 1 inf uvis clouded by the fact tha t a
t i t an i n \ i i i t Ion al '-0 tended to reduce the
a iount of si ;?,a pli.tso p re se . i t . The re fo re , one



cannot >>a sure whether (I) titanium was acting
I n t r i n s i c a l l y In crr.e way to r e s t r i c t cavity
fornation and/or growth, or (2) the titanium was
merely Dovir>£ the- alloy co:?positionnlly away
fron the slgna phase f ie ld . The fact that the
spel l ing Measured Ir. VRO-20 and I.RO-37 was
nearly identical helo'w T,. and neither contained
sig"M phase tr-ndr. 10 support the second explana-
t ion . At the i r rad ia t ion temperatures used, it
appears that hulk di1 fusion was rapid enough to
enable the 1.H0 ,•>] loys to rt-orJi.T. At lower tem-
peratures , i r r ad ia t ion cay quickly disorder an
LRO al loy. Tho v.e of nickel, ion irradiat ion
with simultaneously injected heliu". and
deuteriu-i i r a rapid 3n*! convenient rr,<?thod to
screen 1.30 alloys with. n'v;.ird to thflr radiation
res is tance in fusion, environments. Detailed
response of the a l l e y ' s ~'.ic rost ruccure to r^dia-
Cion can be studied v-itli v i r tual ly no hazards of
rad ioac t iv i ty , and prel i ~>f. n iry optimization with
rejard to ther-.j -e -V. 3-.: c il i.o.-it~<*nt and/or con-
posit ion can be conducted. '.'hen jsed in conjunc-
t ion i-1 t)i mactor i r r ad ia t ions , ion irradiat ion
can shorten the total tirce in developing reactor
mate r ia l s .

4 . CONCLUSIONS

The (Fe,.'<'i>3V a l l o y , LKO-16, v:as i r r a d i a t e d in
ORR a t 250, 350, aau 55OCC to d.i.-iac,e and helium
l e v e l s of 3.8 dpa and 29 a t . pP'H, r e s p e c t i v e l y .

'. . The re. ic;- . r 1 r r-.d ! ' ) ! i on .v;;L-ril ly
" h i r \ ' - . c d " o r i •.(. :••• !*. .- . ! : ' : • • ; - i . - : i 1 s t : . ? n v , t h o f

i . i . i . ; ' . - r l i ^ ' JC 1: '. - , n s .

: . T h e : r r . , , : : - . t ' . . : . ' . . . v r . ' d •:.•.- i . i c t i l l t y

o f .. ' - '• '-• a t a l l " . • : • > • '.^ .; • • r i t . i r . - . . " h e ' . o - s < " ' S

n . i y --1 i n - t ^ i . : " . " . . •. i t - . n -: r : i ; , ' . : j r i ' u r . i . ' n -

ing and radi at i on-i nduced ;:'.>;re^;u ' on to ^ral n
boundaries.

3 . The .L-.junt it , v e ! ii".>; ' : : i- .nt ' . 'J :n JSO,
3 5 0 , jnd ^^J 1 " - I;L<~ "i -.---Tis v.is re \ . i t "i vc 1 / low w i t h
vaiu'--- . -f 1, ' . •• 9 , ;-i - ' . 17", n ^ p . . , : - . 1 v e l y .

j , ,v i ...-!•• i rr-nii :tvd to 7U
d\i,\ wi th -i .'teV '.i ions A-jic ')'')'C ,.;1J s i m u l t a -
neous ly in^ec t^d ~i"_'i ; u . /ji-.i/ i^.x le Ions and
28 i t . -v^i/.ipa J -O ^1-ml ."it e fusion r e a c t o r
condi t i o n s .

1. Al l of the LHO a l l o y s remained ordered
when I r r a d i a t e d b e l o J the c r i t i c a l o rde r ing
t e m p e r a t u r e (T c » 67O 'C) .

2 . All of the m o a l l o y s h,id l e s s s w e l l -
ing due to c a v i t i e s tho.i 3i6 55 (2<n « ) below
T c . \hove T c , Tost 3: the '..HO i l l o y s exh ib i t ed
h i g h e r s - ^ l ' . l n ^ prjb.iV.y kvc.iuso the l l l o y s
were disordered.

3. The L.5.0 il ' .oyi, '.AO-20 .»:vl 1.^0-37,
that :ontaiicd hi,jht_r riC''.(:l :oi".to:itj to pre-
vent si^^a phase foriat ion also exhibited lower
swelling. The -rcaencc of sij-.a ph.ase is
thought to lower the degree of order in the

alloy and decreasi interstitial/vacancy recombi-
nation. The titft:Uu*a additions appear to
Improve the s-.ellir.g resistance of the LRO
alloys by preventing or minimizing signa phase
formation.
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