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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S,
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data i8 not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




. ~
Fh
8
:
4
¥
o / 4
ot N e o e %
) ,
o
& :
1
{ 3
‘ ;
‘ »
L
N A
H
r
.
»
:
S’
§ e
{
13
£
;
H
2
re
£

. . This translation was made to provide the users with the basic essentials of
the original document in the shortest possible time. It has not been edited
to refine or improve the grammatical accuracy, syntax or technical terminclogy.
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Introduction

Stainless austenitic iype sieel is a widely used sitructural ras:rial in tho

o a8 P . 3
nost Iracuently moti-
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&

construction of nu:lear installatiens, Thzir s2lecilon

-

vated by the corrosion resistance asainst effective nedin, c¢.l. prinery radius
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of the rcactor, or azainst decontaminating droplets with which contact i
arily made during temporary stoppase of $he installation, It hns also o
portant qualities, such as ductility, which is retained even o5 ovhvairnlr low

temperatures, That is why its radiantion stability, resp. the ell.cd of noutron

radiation on the chances of is mechanical propertics, is a consitant PEEEILCT

subject of verious laborwtorics f1, 2, 3, 5, 6, 7, 8, 9].

o]

Since a complex solution of this problem is very challenzing, 2 majority

of hither to, conducted investisations is linited to the investigation of »radia—

tion stability of steel of a definite type, which was chosen for concreie util-
ization, Ordinarily the wnfamilicrity of the radiation effect leads <To the use

of_most costly siccl with high content of alloying elements, Its deficiency=-

especially in our measurcments, calls for a reexamination to determine to what -

measure hizh alloying is justified, This was the motive of this report, waic

a contribution to solvins this provlenm,

Machnique of Ixrperimentation

-~ a7

ani chrom-

[

e stability of 13 kinds of stcel with various content of nicke
jum as basic alloyin~ components, was investisated. & listing of the conmmnosition
of the steel tomether with a control analysis are given in table 1. The {irst
four kinds of steel are of standard types corresponding to trade nares AXVIT,
AKVS, AXV extra and AKV oxira S, Steels 5 throush 8 were preparcd inteantionally
and have at a roushly constant co.iposition of chromium graduvated niclel. Steel :

9 throurh 13 are auxiliary variants similar already to ferrite-austenitic steel

(steel To. 13). They were all cxamined in austenitic annealed siate,
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Samples were exposesd to cadiation in the VVIS recactor where they were ex-

n 1 2 ‘s -
vosed to a neutron dosare of 4,10 J n/om . The neutron dosarme with an cnergy b

> 1 mev, was calculated in accordance writh the enersy spectrwn, corresponding

rradiated in water—proof aliwiinum recept-

[

0 1.6.1017 ;1/cm2. The samples were
acles, It was assumed that the heat of radiation corresponds to the temperature
of reactor coolinz water, i.e, 40°C, To fix the effect of self-hoating of the
sample and to maintain definite temperatures the samples were arranced with

spacings in the interior of the circumfercnce of the irradiation receptacles so,

that intensive tapping of heat could be realized (fir, 1).

Table 1, Control analyses of rain clament of investicated steel*)

+ 3 TNa et sy et o . -— = _
vCel LITBIT MTLILON r f N1 ! f'o] Mn s P ! s
To. %) %] % %l [ (%) %) (%)
1 CsN :
17241 . 28 0.08 i
2 CsN 18,54 9 J 0,44 0,70 0,015 v,012
3 ('-.\l.\"246 18,27 10,16 0,15 0,30 0,69 0,041 0,038
m~ngp .
‘ P 18,06 10,35 0,15 0,30 0,66 0,039 0,032
17317 . ]
Y 18,25 10,53 0,12 0,59 5 010, 26
5 Vel 19,3 1127 0.0 o2l | a8 P 001
? VNP o 18,04 10.80, 0,007 0,40 0,25 o.umi ot
4 VIiHZ 2 8,14 0.07 0,45 0,85 TH! 0,011
b4 ¥Is 20,50 ~'.3(7, 0,06 L 043 0,26 [INTRRL 0028
10 15 11,02 , 12,36 0,02 0.13 atopy 0012, Tt
1 FIS 17,26 10,86} 0,04 0,13 0,20 0013 w010
12 FIs . ii"gﬁ 12":& ) 83’; gf; 0,28 e L0008
13 - FIS ! N 17 004 ' 0,22 o012 0,007
1 27 18 i 3 0,09 0,18 | k 0,011 6,005
 — e .- . '

After the irradiation were determined chanzes in hardness, iimits of sliding,
strength, notch toushness and content of ferrite orisinated by the itraunsition of
Y —% Q in the process of irradiation., Forms and dimensions of test samples are
shown in fiz. 2, After test werc made on the Chevenard i 34 installations, im-
pact tests with the 1K 05 tyBe hammer. Both installations were adjusted for re-

mote control, The ferrite content was determined by magnetic scales of our own

construction [11],
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Heasured Values

<k

Chanres in hardness, slide limis,
strengsth, ductility and noich tourhness .

are evident from tables 2, 3, 4. For total

ductility values & 5 table 4 shows a so

called uniform ductility 51ﬁ calculated

. from the elongation, which the test rod

has showvn up to sudden intensive relduci-

ion in cross section, Change in ductility

is beitter charactericed by this value than
Pim, 1, Distancing of samples in
radiction recepiccle, . the ductilitics expressed by total elonga—
tion, Table 4 also conitains an imnortant sirucitural value, ratio S:ELQJE_ and
O
percentase changes in properiics, included in initial state,
lleasurement of magnetic phase capacity & showed, “hat irradiation led
. . -2
only to a slicht chanme in }‘-Q q , of the order of perhaps 10 0 [117. Cnly

in cases when the sample showed prior to irradiation a greater ferromagnetic in- :

duction, orisinated a change of from 0,43 to 0,727,

\)

Tagmetic phace & , which origineited by the decomposition of Y-—) A& during

[

irradiation could not be reproduced neither by the optical nor by the electron

microscope.

The criterion for the radiation stability of the investizated stecl samples
can be a certain investigaited quality, which changes under radiation, The ac~
ceptable criteria however are the ones, which are sensitive to radiation, less
fitted are qualities with lower sensitivity, e.g. hardness, and in the least
are such which offer great discrevancics during the measurement, originating ali-

ready from the basis of the method, e.g. notch toughness. Such values have %o be

pl
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evaluated siatistically.
To sensitive criteria of steel
belongs slide limit. Point disruption
in crystallographic lattice -~ caused
by radiation - lead to the formation
of impoverished zones (depleted zones),

vhich act as preventives against nmove-

ments of dislocations [47,

-

Table 2, 2esults of hardness teste by

Vickers (GiV 30)

Stec] ilonirradiated Irvadianted {Thanse
- " I3 .
20, state Jsnte v

Jdo.07 ) Then | lo.offlenn
measu alue | neasnyjvalue
reren Y romen) NV

] ts 18
- - t

1 4 155 10 2453 +38,0
< 4 192 10 266 +38,5
3 4 193 ) ) 202 +51,3
1 4 161 10 585 +11,0
5 4 134 11 212 +80,6
6 5 140 10 226 +61,4
7 b 148 10 231 +56,1
8 5 130 9 212 +36,1
9 5 133 16 23% 75,2
1v 5 09,3 i3 167 + 68,2
11 3 105 5 183 +74.3
12 4 93 12 161 473,
13 4 252 14 276 + 0.5

= mo———— e o s

f 1
o
A
<
?
. )
' 43
L4 95 L5 |
2 by ¢
Pieg, 2, Porms and dimensions of t
sanplos. a) tonsile teutoss %) noteh
toushmens testns c) hardness iests
and phase volume R

If we compare the changes in slide (slip) limits with chemical composition

of the ste

.

el, it is

ments as such:

pogsible to better evaluate

the effect of individual ele~

Steel 1 and 2 show after exposure 2lmost identical changes., 4 similar con-
) - (&)

clusion will be derived by comparinz sicels 3 and 4, In both instonces does the

steel mutually differ in small admixiurs of Ti as cor

evident that Ti as an admixture element is in no way suitable in reinforeing
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T2ble 3, Results of notch fou~hness itesis procoss duringy cxposure o radi-
am koen e
ation, i
Steel|) llonirradianted Top~dinkod
Jo. state ) Stase The olfcect of o in steels
‘ ' 3 and 4 could be svaluated pari- . .
1 10,62; 10,06; 10,62; 8,781 7,005 8,04; 8,04; -
10,43 0,K0; 10,66 7,06 8205 3,165 8,20}
T8 7,005 8.04 1y by comparins steel 1 and 3,
'] 8,173 5.00; 5,89 6.00; 5,205 6201 b1l B1L: .
771 6,185 5, 5,075 5,205 5,4; 5,263 58
TG /] 5,073 5,295 5,33 5,265 5, partly 2 and 4, The snall &ife
3 5,88 6,073 5,60; 5,513 5847 8,75 5,345 6,48
3,785 3,88; 5.09 3,485 5,3; 5,05 5,48; 5,12 . ) . Py . t
- S feronces in chon~as in slide (
4 6,435 G,07; 6,79; 1.01; 6,53 5,9; 6,723 6,65 6,27
683 6,213 6,043 6,32 /
1imit and in stren~ih and Tia- !
5 | 9.24:7,32: 7,32 7.00; 6,0, 582 500 5,82 1imit and in strennth an A ( {
7,00 FX I “
o A Set Aun. . o
] 9,53; 8,47; 9,36; 8,18 5,805 5.5, 6,155 5,33 ally in individual pairs of op- P
* I
. e m N !
1 0,75: 8,03 7,21 T,11; 5.86; 6,15; 5,15; 5,33; rosite sense iadicates, that in
G,1¢ 3,21 .
8 8.20: 5,75: 6,12 5,803 1345 403 4,340 4,50 reinforcine asainst radiation §
" OV
"9 6,14; 6,34; 6,34; 6,53 4,06 5,03; 4,855 4,69 not even molybdenum is of any
- * LX
10 *) — 7,30; 7.16; 1,12 7,04
- R Ry
11 0] - 8,04; 7,64 1,67; 7,71 validivy,
i
. L] ——— H -
! 1 ) 173 108 Te effect of I'i can be
i 13 6,40; 5,35; 6,73; 6,07 4,61; 3,71; 3,05 3,98 .
‘ investisated on steels 5 %o 8,
: vhere at approximately 19,57 Cr
H - . B
*) Samples could no% be broken with the ;
: -n (] v Ed - T xr N
: aid of uced instnliniion, ¥i was graduated by approximately
Table 4, Resulis of tensile tasis
Stecl - o7 Siote T Jictal B4t Chnna 7
;.TO. E”? - ' v - = ‘ ' ¢ ;
i : : ARSI . :
] £ I L 3
-l s SE = = N 1 : :
€ i d o bt N . | el Loon n $
S8 PioSpl3 2 3 <2 iyt SR 53 : =! X i
P A R A E: n“:‘t.:. ;‘é o |<'°f Ol 5&5 ) l < ‘ <
b + M
1 )
1 4 | 608423 |0,606i 52,5 | 43,0 40,2 |
Bl 5 fas |45 | daz | a2 | so R : | SRR
3 3 i3 0 40,0 10,6351 (%1 | 4308 ¢ 86,6 T +35.0
p S 1136005 Jor f4uG | yns 6 | 8n7 3, 94 #3001 Taon j—
5 .2 60,5 1 30,5 (0,508 57,8 | 50,15 2 70,0 H +587 1 40,00 '—qd,1 =it
61 8 16011358 | 05861 47:0 | 4201 TR I 36,7 | 2230 j—1i4 f—23in
7 40 GA3 | AR fwa2al coly | a5 2 LSt +54,2 ) 3050 -1
8 30 674 1 3L2 008, A3 516 PR DT R0 1 Faa
9 30 664 5 a6 Foadry a2 | esw b ofigw A R "
iv $0 383 1 22,6 | 03881 641 0 346 3 60l P80, 67,30 ‘ .
. 1‘1, B AT ey T ansy san i B0 6al P08 TG
A B IR I TR N T X B0 At 3me o0 357 | 250 | 16,2, 4727 5050
11 % 1803 809 AR 2,005, 887 0038 104 | L6 [+ 08 * Mi 0]
. . ! { : i | . ¢
a) Tumber of test samples
.
N § yEy
"
L VU - - — - e b
. . P :
S . » i 4
' = :%\ (e - 1 q
g v » £
3 \ O sar %
’ N , !
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8, 9, 10 and 110 and then iu grouns 9,
ated by perhaps 11, 13 and 150, In fir

.
e
L

[=s

ies witnin

%3

4 . s
of .50 to 58,75 of init

[ ~a e
10 and 13, where at 12¢% Cr Ili vmas gradu-

st ~roup the increment in slide limit var-

ial value prior fo irradiation., Changes

in volwiie of 8,7,5 do not correspoad to tlie graduaied content of i, Dasic differ-
ances in slide limit and in siren_th after irradiation eppear also in other

groups. Stcel Yo, I3 with 1190 i is bey
for its mixed ferrite~-szustenitic siruc
heat treatment to extrenely hirsh wvalues
ation, Busic incroace
(120) corresmonis to an i incroasc of

o

eraasing content of M1 mives a2 wmou~hly

after irradiation. This would i

, e

inticct

&)

- - 41
inforcement., Martlor

o

it affects the slide Jimit of initial

120

10

80

Piristek a6y gy poczitent (%3

4 i

i
.
)

8 Yy w w @ % @ W A%
e Bygy pled olifenim [ kg/mm?]

rond basic comparison with precediny steels

the apylication of

ey}
o
+

ture, which load
s already in initial state prior to irradi-
arced with steel o §
'? 2 1 Ttk D b A Saa e & R .
2,257, Cut off steel accoxdin~ to the in-

risin~< ineresase in slide linit cad strens

conclusions do indicate, that the cffect of i last until
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i, 3, Temitude of powconto -z chans P, 4, Tasnitude of vercontase chan3es
in slide limit dor fvvadistion in de- in eetio Tetuecn sliwe I3t ina sireongt
pendence uron initial sizte ol the steel. aftor cxposure in depesicacs udon ine
ag increassr & ......after euposurs ividd ctase, 2 &b as in Ji-, 3.
b) before exposurs

Chromiwm in the investisgeicd oorics of stecl oo contained in quite broad

ceosres namely,

ahout 11, 15, 17, 18, 19

L,
and 207, For the great v
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$he lattor wdudxtuves, particulirly 15, i
It will Dbe thercfore no surprize if there are consideradle differerses in pro-

P - +o . Lol 4 1. %o vy b/ BN ) LY
perty choanzes and a nonsystonatism in tlede choarss with respeet o the O con-

*

tent, which will not allow to male 2 conclusion, .
Let us tolie a2 look to the cxtreome chanses in slide limit shovm in tadble 4,

. . . . . . - + s

indicatins that to the extraordinarily high increase (98,273 come also in caso

of steel 11 with very low slide linit (22,2 kg/mme) hefore iz2w "»r 2, On the

N . ’ . - . .. - on
other nand 2 legser increace (9.6&) vas fouad in steel 13 with mnmeh hirher slide
before irradiation. 3 measurins the perceatase chanjes in clide limit

after exposure, in dependence upon the slide limit value before elposure, we de—

b} - o~
<

rive a polytropic dependonce, which ig evident fron diazren fis. 3.
4 similar noture is displered by the Jependence of incrorient in rotio o
slide linmit and strensgth limit affer irradiction and +he absolute value of this

ratio beforc irradiztion, as is indicated b

Both ratios indicate, that the reinforcenent is relatively fosicr in sie:ls

: of lower stronsth and that the relative increuscs in reinforcement depend Tirst
¢
of all on the condition before irradiciion. The dependence on chenical conposi-

. tion is secondnry. Sincle elemenss affeet radiction stobility in same moasure
~nd in same scease as is the effect of the initial staiec of the steel.

] Absolute changes in reinforcement are well characterizeld by siress and

.-

elongzation diagrams, Fim, 5., contains diorrams of 3 trpical varianis, with low=
est (stoel 12), medium (steel 4) and meximua {steel 1) sirensth, The diz-rams
indicate, that magnitude of absoluie roinforcericnt will be in zll siecls perhaops

the same and will correspond to the constcnt dosace of neutrons, At the sane

3

time therc is o loss in plastic properties, vhich is manifested by a substantial .
reduction in clongation,
. . - . . s PR !
As alrcady stated, a majority of quoied literature reports intended %o 1
|
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It is necessary to malze allowances for that the ratio of slide limit anéd strength
in such steel is already prior to exposure close to unity,

The proﬁlem of alloying will then lie mostly in the corrosion stability dee
pendence of the steel, respectively in the technological condition, 'easurement
of ferromasznetic induciion showed, that a reducsion in radiation .orrosion re-
sistance is insirmificant in austenitic steels, Only steel with transient ause

N 4
n marmetic phase by ITror 1,43 40 0,72%,

e

tenitic~forritic structure shows a risc

wvhich originated by decomposition of Y - A .
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