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Jiri Cervasek -Jan i-u'tka

Sumirary

The chan-~e of' mechanical and struotural pr'opertie s of' 131 kinds of anticorrosive
steels Of Cr-".i-typa exposed to int-teral (.033o: 01,.l) ,c 2

(>1> wa
investi-a-led.. The (lose was iield at a const'ant. va2.uo anld the chemical cornoosit ion
varied -namalv in the Cr and. 'Ti c ontent-. The tren,,t-hcnin-, vaas ohlsorvoO., i.e.
yield p~oin~t, itc;;ha a'nz ncroase", arn.clatc t ic~~~ at tie saMe
time. *Pri-.i:ýŽV tlh3: tsOf .>01;..n;~s.~p h~daic~p.iin
namely on chrorre ar-c .. eloadr h~eo. is poc;On iu p.,.iOh od..to
o f s te el ) , hf o z, th o ra d i io n. f a x as t 1-e al12 .o -i r,,,1 o>int 4-jCo c)o ai r f1uoen1e
t.hIe properti01. U4Lc, s in i n it 1 t 410 tin o f s to thuD 1: rc ro n i~' als on- 001
tho radiation d eioa.tc h'cin~~;ucZ~~AL~c~te d-
crease of corros;io~ir.3it:i of ut:itcsu byj radi---tiok1 to n"ho ;2.ibe
?rzansicnt, 4etcXrti nt~tr C"eel onlr ze
of ma-,1netic p~:; ~sed "'y Y...> 0C(dca.

In tuhis Teport is investi:-ated thle effect of che-mical comnoosition on. the

reinforcement of stainless steel under the effect. of neutron radiation. Given

is an analySis, of th iv',i.tP_ tol c.-.rmerimenital' conditions and.VLheof

masured chan-les are compiled in table. Relative changes in slide boundxaries

and the ratio of' slide boundaries to stren-th 'boundary are expres-sed. by -raphic

relations. Investicr~atod. are fcos, which 'have a prirmary effect on radization

stability andl on corrosion ctability byr the eff"ect of' radiation.

o ID-T-T-65-12 5/1 +2



Introdclution t7

Stajinjss auzstenitic t*ype steel is a widely. used strxuctrlr~ ra ~

cosrucitionon the ina:staolatits s 7ehaical propetiez is z osatszc

sutdbjcct o' varou lbresitanrce [a,2,3,ai~ 5,eciv C,' 7, 8 9].

Sinea compolex sltiono'ti obeisvrchlnina.aoi

of' hthe reato. conducatn:d inesotiationatis lrmitedto Nthe ivesigationlfoz of ali'l-1

otiont quablitieos' stcoh as deftinitetyp, which isreaine choen %or conctrete ,il

izneation. .Ordnailyth is 'ai it rari-ty f h ai-ion stailtyrap ctilead tof the us

of'~ ~~~_e mos cotysolwtits mcantet f'allpoyering elmns.a contantceny

espeiallyn in our measurmets ckll U'rareaiaint eemn owa

mesurje hif valloyin a ris' ju-lstifie. 2his 3 as the 6 otiv of' this 9eot1.ihis

Snea contribsoution toslvn this problem. i eycaln-in-,amjrt,

of hthe toconucto inechi,-gue~ of' ixei-.naite ionlh netntono a a

Then stabilityrotel ' f 13 idsef'nstetyel, wthvrics chostent for nicklo and ro-

iaixn. asrbaicnarloyinh copnenu.*,.)=ts oas tinestaigated. Afo-- listin of' the co usito

of' moth cstely stoeter -ith acontrol an allysin- aegiventsinItabl 1. Thienirt

esourll kind of' stelasremet. of sandr tyeforaresxaondtion to trdet names AVto

maKsur AXV, extra and is~ exstraieS. Stees wa throe motere ofrepasredot .ntentionllyi

acotiuind hvato a olvhly co istn robe.poiino'crmu rdae ikl te

9 H thru1 13 are auxiiary vaiat simla valreauy cotoferrteouftnitic- steel

(ftesteel toog13.ther were al coxinedo ayin arsensitic anneabled 1 stTe. frs

IFT-D-TY"65-125/1+2 2
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Samples e.,are exposed to cadCtI-.on in thSe V roactor, where they were eX-

posed to a neutron dosauo of 4L.1019 n/cm2. The neutron dosase with an oner fy E
> 1 mev, was calculated in accordance with the ener3y spectrui, corresponding

to 1.6.1019 2. The samples %-ere irradiated in water-proof alu7inum recept-

acles. It was assiu-.d that the heat of radiation corresponds to the temperature

of reactor cooling, water, i.e. 400C. To fix the effect of self-ho-.ring of the

sample and to mi.intain definite temperatures the samples were arran,,ed with

spacings in the interior of the cf-rcumference of the irradiation receptacles so,

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

Table 1. Control analyses of -. ain c~eaent of investigated steel*)

Steel D-.1 Cn•tio• ., c , -s' .o... I l,, % 0' % [% %i C% I%3
To .- %) .

S17241 18,54 9.28 0,08 0.44 0.70 0.015 U,012

1 N24G 18.27 10.16 0,15 0.30 0,69 0,041 0,0383003
17345

4O 18,06 10.35 0,15 0.30 0.6G 0,031) 0.032

6VlTIZ 18.25 10,53 0,12 059 0,58 04: 0.'2
19,35 11.27 0.04 052 0,205 0.411 1:10"06 Vi'. II 19,74 10.80, 0.0.2 0.0 9

8V 1 11, 19,20 8.14 0,07 0.15 .. l 17!
20O,..0 91,37 0 00 U.48 0.26 0,2.11PI 1S 11,95 12,3GI 0:02 0:13 S . (.01 I.0I"FIS 17.25 10.86 0.04 0.13 0.21 1.1113 4.1)1

12S 15,28 10.99• 0,05 0.21 0,28 .. 11t: 28, 4112 11.09 14,59 - 0,02 0,17 0)22 0.012 ',(1 07111,27 11,17 0,03 0,00 0,18 0,011 0, (05

* Data in wegarht ,'

fuer the irradiation were determined chan,;es in hardn limits of sli

strength, notch tou-hness and content of ferrite ori-inated by the transition of

- in the process of irradiation. Forms and dimensions of test samples are

shown in fig. 2. After test were made on the Chevenard 7- 34 installations, iml-

pact tests with the 2C 05 type harmmer. Both installations were adjusted for re-

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

construction ll].

FTD-TPT-65-125/1+23



i:easur6 Values

Chan ... s in hardness, o!iJdo limit,

strength, ductility and notch i tour"hno

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

ductility values & 5 table 4 show~s a so

called uniform ductility a .. calculated

from the elongation, whic'h the test rod

has shownm up to sudden inteehsive reauct-

ion in cross section. Chan, e in ductility

is better characterized by this value than
Fig. 1. Distancing of samples in
radiation recept,..cle. • the ductilities expresned by total elonga-

tion. Table 4 also contains an Lmortnt structural value, ratio 0.2 and
a-p

percentage changes in properties, included in initial state.

.!easurement of magnetic phase capacity C showed, that irradiation led

only to a slight chanfe in C- , of the order of perhaps 1020 ' E_1. Only

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

duction, oriroinated a change of from 0.43 to 0.72ý.

magnetic phas-e a , which ori ..inateod by the decomposition of I-) CJduring

ir-aaiation could not be reproduced neither by the optical nor by the electron

microscope.

Discussion of Results

The criterion for the radiation stability of the investigated steel samples

can be a certain investigated quality, which changes under radiation. The ac-

ceptable criteria however are the ones, Mhich are sensitive to radiation, less

fitted are qualities with lower sansitivity, e.g. hardness, and in the least

are such which offer great discrepancies during the measurement, originating al-

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

4
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evaluated statistically.

To sensitive criteria of stool

belongs slide limit. Point disruption

in crystallographic lattice - caused

by radiation - lead to the formation

of impoverished zones (depleted zones), I

which act as preventives against move-

ments of dislocations L4]. - - -

Table 2. -esults of hardness tests by
Vichers (:IV 30) -- -

:To. o: z3at ..n'
Sne~acu valluo| ea value2 IV

" -,~ - - ____05_

1 5 1.55, 10 2 45 +5R.0
2 4 1912 ) 2 ) C)
3 4 193 14) 292 +51.3
4 4 1 G1 10 285i +77.0
5 4 134 11 2$.12 +SO

5 140 10 226 TG 1,4

7 5 148 10 231 +5.,1 :'1. 2. Forfs and dimensions o0 test
8 5 130 09 12112 +s8,1 - .

0 .5 133 1 G 233 + 75.1. s anip 0 P a.) tO n.';i 0 t . ; t2; S ; 1-1 C, t
1U 5 0 q!3 13 167 +G812
1I 4 105 5 183 +74,3 tOu,;.. ,, tests; C) ha os,•: t•ests
12 44 93 12 i C.1 4 73,1
13 4 252 14 + 0.5 and pha:.o volume

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

of' the steel, it is possible to bettor evaluate the effect of individual ele-

ments as such:

Steel 1 and 2 show after exposure almost identical changes. A simila:r con-

clusion will be derived by comparing steels 3 and 4. In both instances does the

steel mutually differ in small admixture of Ti as carbide stabilizer. It is

'evident that Ti as an admixture element is in no way suitable in reinforcing

5L
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Table 3. Rosults of notch tou,:hness tests process -urin• exposuo to radi-Zrr I~cSm/m,-.1"
S.. .. .. .alion,

"Steel 1Tonirriatod i on
10o state State The offect of b M in stools

= • 3 a+nd A. could 1)e evalua~ted part-
1 10,0-2; 10,08; 10.62; 8,73: 7,06; 8,04; S,04; 3 v a

10,43; 9,80; 10,61; 7,9; 8,20; 8,16; 3,29;
7.0; 7.;7,06; 8.04 ly by comparing steel 1 and 3.

2 5,77; 5,93; 5,89; 0,00; 5,29, 5.29; 5,11; 6,11;
G.'a7: 6 18;5.815J7; 5.29; 3.4; 3,2M. 5,30__ •,77; ,., _ . ...... . ...--•a-- rtly 2 and 4. The small dif-

3 5,88; 0,07; 5,66; 5,51; 5,84; 5,7; 3,34; 5,4A:
8 ,78: 5,88; 931.99 5.48; 5,3; 5.,; 5,48; a.12pferences in oh=+• nslii.e

4 6,7:; C,03; 6,72; 7.01; 6.5; 5.9; 6.72; 0 , 3; 6s27
6, 21; 6,92; 6.32

59.2,2; 7.32; 7,32; 5.00; 4,3; 5.82, 5,G9 ; n.8r;7.904 5w,5

9 U,53; 8,37; 9,36; 8,18 5,80; 5,53; 4,15; 45.33. ally in inoividual pairs of 0n -
i.2

7 .75; 8,03; 7.21; 7.17; 5.$ G; 5,15; 5.15; 6.33; posite sense ind~icates, that in
6,12 5,.21

8 5 0. 5,s5:o,12; 5.80; 4,34; 4,03; 4.34; 4,56; reinforoin- ,-L7ainst radiation6133 4M•

9 0,14; 6,34; 6,34; 6,52 .. 4,9G: 5,03; 4,85; 4,99 not even molybdenum is of any J,!
10 *) - 7,39; 7,19; 7,12; 7,01 A

11 8) - - ,04; 7,64: 7,67; 7,71 vali•dily.
i12 "1 -- ,3 7,98 .1 .. ... 7.73 7.8no effect of 17i can be

13 6,49; 5,35; 5,73; 0.07 4.G1; 3.71; 3,05; 3,98

investigateo on steels 5 to 8,

vwhere at approximately 190 5 '- Cr
*) Samples could not be broken w'ith -hea
aid of used inst:-w:r.-on.uaed by approxnimately

Table 4. Results of' tensile tosts

Stc. n r i 9 1

0t ,

' 69,8 42,3 0,60G 52.5 43.0 78,8 59,3 1 0,75.139.G" :13,$ +12,9 -40.2 21..':, -- 1.1

" ". 3 74.1 45,9 0.12 I 2.!, , 81,4 6,1. 31.3 +10.4 +41.4 2,..23 - -U,13 .% I 73 4t0 095i4,I 4, ,,; h. ,17 3. 22.6 '12.0 93.7 '.2,'.. --11,. 1 + ,1.4 .A 73,G S1. I' 0~ 1,7 11,; 1 ,72.82.o

5 60,5 31,5 0,508 G 8:1.7 67,4 I,b113 25.6 17.5 +-13,7 7 '0,:I 30 %--4;. 61 1 , 8 502 70,0 50.1 0,715 .:1211 26,11 r 15,7 +5,.7 40 ,II -- :1,1 '--| .160,1 35,1I 0,5:81 , 4 2,1 71.1 55,3 0,716 ' 39 , 32.1 +23,3 +307 ý ',10 -10,4 --2:.,
7 .1 2,:1 35,8 0.523 21 ;0,.7 55.22 7 (i 55t, 0,702 48,8 39.8 +15.1 -5, 12 337.1 '- 10,• 1
8 3 1 07.4 31,2 0,"1i, 5 1 3 , 1 0.734 40.G 33,1 + 3.8 +50 *,11..1 , -3.,..

2 l3h, ,6. .7,: 0,808 25,.; 15,7 3 - . 48.o m) -'" 1.i0l :i .1,3 22,1; 0,.138 1.1 34,6i 1 I,6 42,8 0.619 416.41 37,: !--3.7 1 +89,1 6;7,:II 3 '.'. --. 71.;
22 0,231 :.:," .,#9 G .7 3 G 5, 1 44,0 (0.676 47.4 37,:1 3 1.1."; D-8.2 72 1,611 ',--'.2 -:31.'3 1 1 . 22,. 0 113 4:1) .1j;,:•, , 3911 2 0,660 35.7 25.7 f-1 5112 4721 50,) , 5 ,13 2 ,8:2 81),: ,381 14.3,,. , %2 0,1 r 88 7 00930 104 1,.6 + 9,8+ 0 U 27, 31-211

a) Niumber of test samples -i,.

I +++;



3,9., 110 and 11" . and thecn ii± youps 9, 10 and 13., wheore at, 12,,,0 or 1.j waEs (-radu-

ated by prlicrhaus 11,, 13 and 15ýý. in ±tirst ý,rotp the increm~ent in slide limit var-

ies within limits of'.50 to 58.7' of' in.,itilj valJue prior to irradiation. Chan.-es

in volulne of' 8.ý do 'lot correspond to thei -,raduatuod content of' 2i. bDaoic dif'fer-

ances in slide lim~it %nd in stron-th af'ter irradiatlion appear also inl other

c~rup. tec Io.T3 vith l i is beyond basic COnpari.o with rcdn;tes

f'or its mi-od forritc-auotonitlic structure, hc ed tteapiaino

hea tratrenttoextemey h~hvales lredyin initial st?.te prior? to irradi-

orhn BiciceSo in sliid limit of' cJ-tel 17o. 12 as compa-red. ywith 3teel ITO 9

(1 Orremoa o:an 1 increfs of' *22 tofsel acco:-dii-;, to thie in-

craa-i~n: content o-f' :'J -,ivos a rovhyrisin; increase :nM Slide 1 izmit aad srnct

oftr irradiation. 7-hin would init ha't, nicl-ol is Suitable for radiati"on Tic-

ino~emnt ?rterconcliusiens do indicate ,itat the effact of7' i la~st unrtil

it e~''csteslido limit of? ihitial1 Stat of ":I- steol.

12C-

60 T ----I~1 20o
*&20-iI ~ 2

It? 20 30 V 51 go Id AMq 0 40 4, v

- 6,142 Pred O14teflu'l fkg/mm2  rdodei

Pi.3. ",,.-n i tu uu o f' ~x c!han7,cs i *4. -'7a:-nitude of' ercta chIanjos
in slide li~iit .t:i'aito n&- nrtoucazs>c~ :n.& trnr 1h

pondence uzron iiilstt L t"he steal,.:te c~sr in de inin-

b) bef'orec~cizr

Charom~iun in the innvesti,ýratd, ~-ý3ý'i-- of' stecl uscontaincd in Quito bIr0car

dc:;red nenelyv, about 11, 15, 17, 18., 19, and. 20-%. 2or the great v-ariabilfity of'



-1 1A 0t J
the la'ttr itrs paricli2L ::- i t C~ 01~T to0a~t

7t1 .yill be there-fore no sur-priSe if' the~re are- Considrable (4i freo in _ro
porty chance,'s and a nons:rstor;:aiz ntzec swihepe ote Cr cn

tent, ~Viich will not allow to -ok aI conclusion.

Letus ak a oo toth exree chaize in slide limit, shown in table 4.;

indicatinw- that to the extilraordinarily hi,-,' -increase (9.;)came also in case

of' steel 11 wihvery low., slide limitL (22.2 1~/m ), _eo1 : -. Onl the

other hand. a leossr in cre ase (9 .6',") was fo"und i-n teel 13 wit muc j,ýh - o 1- sim

limit before irraiat4.ion. re, B e rin5terrcna, chan,-eýs in slide linit

after exposure, in dependenIce upon thei olide limit- value before ex:posure, vie de-

rive a polytr opie dependence, wihis evicoent frmdarm i.3.

Asimilar nature is dis-l'e by~ th, 1~ed eo nroncnt, in rat-io f

slide limit and- stlronfth limit after irraOLiation. anýd th.,e abcoluto valuo of th'is

ratio before irracliation, as io indicatcA b dicv'rLm n _j 4.

Both ratios indicate, thtthe reinforcement is relativlyo,, faster in zto-ls

of low,,er strong-th and that the relative increase-- in reinforcereent deopann ?rs

of all on the condOition before irrad"iation-. The dependence on c'heicl-1 cormpoi-

tion is secondary. Si ale elemnts affect radia-t-ion stability ins 0maure

and in same sense as is the effect of the initial state of the stoel.

-Vbsolute ohian~as in reinforc-ment are w 1 charzacterizeý 'Iy, stress and

elon-ation iarm.Pirý. 5. containo dia rams of 3 typical variantz, r.ith low.-.

est (steel 12), medium (stoel 4,) and (--mu ~tool 1) st-ron- 4h. Th1e-darm

indicate, that ma.g-nitude of absolute r1 J UU einforcement will be in all steeols perhaaps

the same and. will correspond to the constan.-t dosa~e of neutrons.* At the same

time there is an loss in plastic properties., w'hich is manifested by a substantial

reduction in clon~ation.

As alre~ady stated-', a miajor~ity of quoted literature reports i-ntandeod to



It is necessary to ma/:e allowances for that the ratio of slide limit and strength

in such steel is already prior to exposure close to mAuity.

The problem of alloying vwill then lie mostly in the corrosion otability de-

pendence of the steel, respectively in the technological condition. "•aurement

of ferromagnetic induction showed, that a reduction in radiation _-&rrosion re-

sistance is insignificant in austenitic steels. Only steel with transient aus-

tenitic-ferritic structure shows- a rise in mag-netic phase by fzr• n.'13 to o.72'f

which originatod by decomposition of ' -+ cc
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