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ABSTRACT 

Study of some bina-*y and ternary alloys of Fe-C-Mn type were 

performed to understand ths mechanism of radiation hardening and 

embrittlement in nuclear reactor low-carbon pressure vesse l steels. 

Results of static tensile tests showed the substantial effect of carbon 

and manganese contents. Carbon, resp. pearlite content bn alloys, increases 

the resistance against radiation damage during irradiation at 80 to ICO deg 

C, while manganese content higher than 0#5 to I.O weight per cent 

decreases this resistance. 

"Supersaturation" connected with the decrease of yield strength, was 

observed in iron and Fe-C type alloys at neutron doses higher than 

5 x l 0 1 9 n/cm2. 

Influence of the initial yield strength value upon its increase during 

irradiation has been shown for low-carbon cteel with various heat-treatment 

or various cold work value. 
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Introduction 

Radiation damage in low-carbon pressure vesse l steels has been 

intensively studied for more than last 15 years especially fot- their importance 

in safe operation of the whole nuclear power plant. By this time we have 

very comprehensive collection of various results of radiation damage in this 

type of steels, but only in last several yea r s some partial studies of the 

explanation of damage mechanism, especially physical and mechanical 

property change and of the effect of steel structure and composition has 

been started; 

This paper tries to explain some of the basic problems which 

substantially can influence the sensibility of low-carbon sieeis io the 

radiation damage. The study h a s been aimed to the isolation of the effect 

of carbon and manganese contents, first of all, a s carbon and manganese 

are elements which determine mechanical properties and structure of this 

type Of steels in significant manner. Mechanical properties of these alloys 

depend also on other variables; thus the study of the influence of initial 

stage of material were performed, too. For the first part of this study, 

Pe-C-Mn type alloys, a s representative alloys for low-carbon steels, were 

used, while commercial steel for the A - l reactor was» used for the second 

part of the experimental program. 

The results of this study can be divided into three sections: (l) effect 

of neutron dose and saturation effect, (2) effect of carbon and manganese 

contents, (3) role of initial stage of material. A s the conclusion the model 

for radiation Hardening in Fe-C-Mn type alloys i s proposed. 

Experimental details 

Materials 

Experimental binary and ternary Fe-C-ivfri type alloys were prepared by 

double vacuum melting from carborry! powder iron in the Institute of Iron 

Meta&urgy in Prague. All heat» were deoxidised by carbon and then 

alloyed by carbon and manganese to the required competition. Weight of 
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ingots was approximately 3 Kg, Specimens were machined from forged rods 
and then heai treated in vacuum at ^900 С ( 1652 F ) - 1 hr • 6 5 0 С 
( 12 02 F ) - 1 hr with cooling in vacuum furnace. Chemical composition of 
all heats and their basic mechanical properties are summarized in Tab. 1 
and 2. Solid solution nitngen content was determined according to the 
results of Shozo et -al / 1 / a s 15 to 2 0 wt.ppm. Grain s i z e in all heats 
i s very similar in diameter, approximately ASTM 6 to 8 grade. Microstructure 
of alloys depends on chemical composition; some of alloys have pure 
ferritic structure ( pure iron and Fe-Mn type alloys ), other have ferrite -
pearlitic type ( Fe-C and Fe—O-Mh type alloys ) and one alloy ( X ^ hac 
almost eutectoidal one. Then the influence of carbon and manganese 
contents can be studied separately in binary alloys and similarly the 
combined effect of both elements in ternary alloys, first of all in "diagonal" 
of contents between О % ( с +• Mn) and 0.35 % С + 1.8 % Mn, a s it is s e e n 
in Fig. 1. 

Low carbon steels , used in second part of this research programme, 
were prepared by the same technology, a s for the A - l pressure v e s s e l , 
i.e. as ČSN 13030 .9 Ni, A l • Ti modified steel . Parent material and welding 
joints were studied; their chemical composition and initial mechanical 
properties are summarized in Tab. 3 . 

Mechanical Testing 

Static tensile, microhardness and impact properties were measured. 
For static tension tests two type* of specimens were used - specimens 
with diameter :Ц2 mm for Ihstron tensile machine ( strain rate 7x lO s e c ) 
and with diameter 1 mm for Ml 34 Chevenard type machine ( strain rate 

—л —1 
7xlO * s e c ), all tests were performed at 2 0 С ( 68 F ). Stress-strain 
diagrams were evaluated with the u s e of digital computer to determine 
several parameters, first of all parameters of Fetch law according to 
Cottrells / 2 / extrapolation method. 

For impact tests , "hot cell" type specimens were used, with diameter 
5 mm and ЗО mm length with circumferential 1 mm deep V-notch with 6 0 - d e g 
angle and D.25 Dim bottom radius. Transition tcniperature increase has been 
determined from 3 kgm/cm fracture toughness, which i s v e r y near to the 
Out criterion* 

Microhardness w a s measured by Hanemann method with 2 0 g 
load. 

Irradiations 

irradiations were performed partially in the institute of Nuclear Research 
1в 2 

in Ř e ž near Prague in W R - S reactor up to the dose 5 . 2 x 1 0 n/cm at 
temperatures 8 0 to lOO С ( 176 to 212 F ) and partially in the Institute of 

^^ 19 / 2 
Atomic Energy fr* Moscow Jan SM reactor up to the dose 5Jx lO nfcm 
at temperatures 1 6 0 to 1 8 0 С ( 3 2 0 to 356 F X All d o s e s , mentioned in 
this paper, mean neutrons with energy higher than 1 MeV. 

Effect of neutron dose and saturation effect 

For iron and pressure v e s s e l s tee l s several relations for yield 
strength increase have been derived. A s the simple relations with l /2 or 
1/3 root dependence are not valid in whole dose interval, Makin / 3 / 
proposed following expression, based on the idea that saturation effect might 
take place at higher Irradiation d o s e s : 

*<rY -Afl-B.**r<-C.*t>J (l) 

wheve А , В, С are constants, 

jt i s neutron dose . 

Blewttt / 4 / u s e d improved calculations of de Wit / 5 / and Foreman 
/ 6 / for the activation s t r e s s of Frank-Road source and found for the 
yield strength value of copper : 

where A, B j f B2 , В ore constants» 

b I» Burtters vector. 

'• 5.«* 



This expression involves not only saturation effect but also effect of 

some "supersaturation". Last one i s caused by the shortening of mean 

distance between zones below some critical value and must be expressed 

as "softening", i.e. by lowerinc? of yield strength value. From equation (2) 

it is very difficult to determine some simple relation for yield strength 

increase, it i s clear that the exact value of exponent must fall, a s neutron 

dose is rised. 

For b«cc metals, including our experimental iron alloys, according 

to the John-son s / 7 / interpretation of Petch law. we can suppose thai 

above mentioned equation (2) is valid only for "friction" stress, C£ . Only 
19 2 

for high doses, higher than approximately IO n/cm f it is possible to use 
approximation as 

O^ « <^y ? ( 3 ) 

as the second part of Petch law, i*e. *yo , i s falling down to the zero; 

accuracy of this approximation is better than IO %. Possibility of this 

approximation is illustrated in Fig. 2, wbtns values for lower yield strength, 

<T[r , friction stress. (T̂ , , and 5 % flow stress, cTJ- r are sketched 

together. 

The "saturation" dose is than given a s 

< * ) * 

and for pure iron, according to t ie experimental results, calculated value 
19 t 2 is 6xlO n/cm , which is very close to experimental one, which has been 

found as 4xlQ n/cm . Both these values are in a good agreement with 

calculations of Beeler / 8 / or experiments of Bement / 9 / and McRickard 

/ IO /. Supposing the parameter B 2 characterizes the efficiency of neutron 

bombardment, i.e. number of zones, produced by one neutron in ccm, then 

parametr B± represents initial density of precipitates and other similar 

defects, determining yield strength value. Bryner / 1 1 / observed that В 
for irradiated iron is equal to 5.6xlO which is approximately by three or 
four orders smaller, than theoretical value from simple hard sphere model 

- 6 Щ. 

calculations. A s the mean distance between two zones at saturation zone 
i s equal to ( Ьл 4L b% • <pt uX ' : 

then this distance for iron lies between BOO and 9СЮ A , which i s at least 
ten times larger than the mean zone diameter. 

Existence of the "supersaturation" is in the best way illustrated by 
Fe-C type alloys, a s is seen in Fig. 3. Increase in carbon content causes 
the decrease of saturation dose and the more pronounced "softening" in 
supensaturation region. Process of softening, observed in yield strength 
changes, does not influence plasticity properties. Both elongations «homogenous 
and total - decreased with higher neutron doses аз the higher concentration 
of zones ( nonhomogenities in material ) must cause smaller elongation in 
specimen. Higher content of pearlite in alloys causes larger yield strength 
decrease during suparsaturattan. This fact shows the dominating role of 
pearlite in this effect, as in pure Iron similar sharp yield strength drop has 
not been observed. During irradiation not only ferrite, but pearlite i s 
damaged too. Damage in ferrite causes its hardening and then slew 
softening in the supersatur^tion region. Oh the contrary, damage in pearlite 
( which is very hard and brittle phase in alloy and determines high Initial 
yield strength value ) can cause only the softening of this phase by the 
accelerated migration of point defects and carbon atoms, s o that the phase 
boundaries ( between ferrite and cementite ) must change from sharp form 
to the diffusion type which results in yield strength decrease, fri the same 
way at saturation dose the mean distance between zones. ( and other type 
of defects ) i s smaller than IOCO A which is much less than the 
thickness of pearUte lamellae - this small distance and high concentration 
of detects must influence phase boundary sharpness. 

For lower neutron doses ferrite Is the dominant factor, which resutts 
in t i e increase of yield strength ( or strese 0£ ) value* For high doses* 

both effects take place together. At the highest doses , eupti MulmnUun In 

ferrite occurs eiower, than in pearUte, so the last on» has the а&якШЬщ 
role in final result. 



This combined effect of both p h a s e s i s a l so confirmed by the 
microhardness changes , a s i s seen in Fig. 4. Microhardness of ferrite shows 

18 *"* 
increasing tendency, at least up to the neutron dose of 5 x l O n/cm" 
( range of measurements ) but Tiicron^rdness of pearlite first g o e s through 
Jocal minimum, c a u s e d probably by the migration of point defects ( v a c a n c i e s ) 
to the phase boundar ies , and then a p p e a r s rapid tendency to saturation at 
the values , lower than initial ones . 

Manganese, a s substitute atom in solid solution, c2.ur.e--1. only alloy 
hardening in initial s t a g e . During irradiation different affinity of rnang-vne.oo 
atoms to the nitrogen and carbon atoms / 12 / and point defects probably 
c rea tes complexes of t he se manganese a t o n s with carbon or nitrogen atoms 
or point defects. Th i s effect i s pronounced only for manganese contents 
higher than approximately О.З wt. %, a s for lower contents, most of 
manganese atoms a r e not free ( a r e joined to carbon or nitrogen atoms ) 
and only e x c e s s manganese atoms are able to crea te above mentioned 
complexes, which substantial ly enlarge yield strength i n c r e a s e . Th i s 
assumption i s a l so b a s e d on the higher microhardness i n c r e a s e in manganese 
alloyed ferrite than in pure ferrite, which shows to the same additional 
p r o c e s s of hardening, dependent on manganese p r e s e n c e . A s Fe—Mr» type 
alloys are only one p h a s e type ( of ferritlc s tructure ), t endency to the 
saturation and oversaturat ion is v e r y similar to the behaviour of pu re iron; 
only some tendency to the i nc r ea se of saturation dose for higher manganese 
content ha s bean o b s e r v e d , a s not all point defects and manganese atoms 
took place in the zone formation ( b e c a u s e of some formation, of complexes 
with manganese atoms ), s o their diameters a re smaller and their efficiency 
in yield strength i n c r e a s e is lower. 

In FfefC-Mn type alloys both effects t ake place together, so al loys 
with higher carbon content and lower manganese content (XL) show 

19 i 2 saturation c lose to 5 x l O n/cm , other a l loys, especial ly with higher 
manganese content, a r e not sa turated up to this neutron d o s e and their 

2 0 2 
calculated values a r e c lose or higher than lO n/cm . This situation i s 
similar to the irradiation effects in рге.оа»дго v e s s e l s tee ls , for which the 
saturation dose has not yet been observed . It s e e m i that all alloying 
elements, a s Mh, Cr, Mi etc., or impurities, a s Pf s etc. , increase the 
saturation dose to higher va lues , a s the mechanism of radiation damage 
becoTies more complex. 

- 3 -

Effect of carbon and manganese content 

Tensile properties 

Results, d i scussed in previous chapter, have shown the substantial 
influence of carbon end manganese content on the radiation damage value 
in Fe^C-A*i type alloys, a s it i s s e e n in Pig. 5. For lower irradiation d o s e s 
at 8C л Jo lOO C, changes in friction s tress , <Cc , are better representative 
for radiation damage mechanism than yield strength increase . Decreasing 
tendency of the friction s tress change with increasing carbon content in 
iron alloys a l so shows to the fact that the most hardenable phase in this 
type of alloys i s ferrite only and that pearlite cannot practically participate 
in radiation hardening. Proof of this assumption can be a l so s een in s lopes 
value of curves for Fe-C type al loys; these s lopes are almost independent 
on neutron dose. "Softening" role of pearlite at these neutron d o s e s h a s 
not yet been pronounced, a s the concentration of z o n e s and defects i s low 
in relation to the dimensions of pearlite lamellae. Friction s tress increase 
is then directly proportional only to the ferrite content in alloy and to the 
neutron dose . 

Manganese perceptibly influences friction s tres s increase In contents 
higher than approximately 0.5 wt.%, a s for alloy Fe-О.З IVh no positive 
effect of manganese has been observed. Independency on manganese content 
for the lowest dose can depend on the fact "that manganese atoms are not 

" yet active for complex creation, a s the radiation induced damage is not 
yet s o large to ovemumber substantially the initial concentration of defect». 
The influence of manganese content i s raised with the d o s e increase. If the 
manganese content i s higher, the probability of complex creation ( i.e. 
creation of complexes of manganese atoms with carbon, nitrogen atoms or 
point defects ) Is higher. T h e s e complexes cause larg* increase in yield 
strength or friction s t res s , d u t their pinning of dislocations. 

Fe-C-ivfri type al loys a r : controlled by carbon content ( i .e. by *errite 
content ) at lower doses ; for higher doeee the influence of manganese 
becomes more hnportant. Both effects a i e additrve and cause that the 

m 

friction strese increase becomes nearly independent on carbon end 
manganese content for alloys, lying on our "dtesorAT of «entente In Fi** h 
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Alloy XO, with lower manganese content in со .parison with diagonal alloys, 
has shown lower friction s t ress increase, a s the carbon effect is higher 
than manganese one. 

Higher irradiation temperatures ( 160 to ISO С ) have caused very 
similar dependence, a s it can be seen in Fig. 3 and better in Fig. 6. 
Maximum damage value in Fe-C type alloys can be observed at carbon 
content about 0.10-O.15 wt.%; yield strength increase is higher than for pure 
iron. Only at higher carbon contents the suppressing effect of carbon is 
expressed; this local maximum could he caused by the precipitation of 
metastable £- -carbides, a s Damask ei al. /13 / observed in iron at this 

temperature range. These carbides cause an extra hardening of ferrite, a s 

it is observed especially in alloy XB. The effect of hardening by С -carbides 
cannot be observable in pure iron, a s there are not any sufficient sources 
of suitable carbon in pure ferrite ( a s , on the contrary, acts pearlite phase 
in Fe-C type alloys). For higher carbon content the ferrite content in 
alloy i s lower, so lower is the ferrite hardening by £, -carbide precipitation, 

and lower is the yield strength increase in alloys, because pearlite is not 

effective in this process. 

Behaviour of Fe-iVih type alloys is not different from that in. lower 

irradiation temperatures, a s only ono phase » ferritic - alloys are present. 

Radiation damage in Fe-C—Win type alloys is influenced by manganese 

content, preferably, only for alloy XO yield strength increase is determined 

by low carbon content as simultaneously manganese content in alloy is 

relatively small. Different behaviour has been observed in yield strength 

increase in alloy X1V1, which is difficult to explain - but the microstructure 

of this alloy - large pearlitic blocks surrounded by chains of fine ferritic 

grains must play important role. A s the ferrite content is small then in this 

c a s e pearlitic phase must be hardened, too, probably by the precipitation 

of manganese carbides, similar to £. -carbides in iron. 

Parameter ky is decreasing with neutron dose increase, for all 

types of alloys. In Fe-C type alloys decrease of this parameter, a s it i s 
18 2 

seen in Fig, 5, for doses up to 5x10 n/cm is approximately of the same 
7 

order - into 0.8 to 1.0x10 C.G.C. units, while for Fe-lVfri type alloys this 
decrease is much sharper, especially for alloys with manganese content 

lO -

higher than 1 wt. %; after the same dose parameter ky has decreased to 
7 

O.XxlO C.G.a units. Fe-C-Mn type alloys also show decreasing tendency 

in ky , similar to the superposition of both binary alloys. Large decrease 

of ky to tiie low values demonstrate that the behaviour of grain and phase 

boundaries is influenced by irradiation, especially by the creation of 

complexes of manganese atoms with point defects and carbon or nitrogen 

atoms, a s for Fe-iXlh type alloys this decrease is the most strong one. 

Low values of kY indicate full exhaustion of carbon and nitrogen atoms 

from solid solution ( according to /14 / ) and aianganese atoms this process 

accelerate. 

Impact properties 

For studied alloys, radiation embrittlement, a s defined by transition 

temperature increase from impact notch tests, must be based on the similar 

mechanism, a s radiation hardening. Specimens for these tes ts were 

irradiated only by one dose ( at 80 to lOO С ), so it has not been possible 
to study neutron dose effect. 

Transition temperature increase in Fe-C type alloys, a s is shown in 
Fig. 7., depends on the ferrite content by the same way, a s for tensile 
properties.. The decrease of ferrite content in alloy has caused suppresing 
of the sensitivity to the radiation embrittle; nent. Then ferrite must be, a s in 
previous case , the most sensitive phase of alloy and is most embrittled by 
irradiation. Pearlite is much more brittle in the initial stage ( which results 
in higher initial transition temperature value ) than ferrite, thus radiation 
damage cannot cause any large changes in properties, a s in ferrite is 
done, 

Fe-Mn type alloy© with manganese content higher than 1 wt.% have 
shown strong sensitivity to the radiation embrittlement which must be caused 
by the same reason, a s for yield strength increase. Behaviour of Fe-C-Mn 
type alloys, lying in "diagonal" of contents, i s ve ry similar to each other; 
difference between individual alloys i s very small ( l e ss than - 5 С ) . 
These results are in a good agreement with several works with low carbon 
steels, for which transition temperature increase is practically Independent 
on the chemical content and treatment of steeL Semew. A higher value for 
alloy XS i s caused by higher manganese content in relation to the carbon 
content* but this value is not also very far from the other values. 
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Role of initial stage of material 

In equation (2) parameter В represents the initial concentration of all 
types of defects which can influence the friction s t ress value in alloys. 
Detailed calculations and comparison of the friction s t ress increase with the 
value of В has not shown jjmr strong dependence on this parameter for 
all types of alloys; much more important microstructure and type of alloy has 
been discover*^; This effect of the initial .^t^ge takes nlaee ^soeciail'*'' in 
the case when one type of alloy or steel ( or group of very similar steels) 
is chosen and studied. Only in this event different initial concentration of 
defects, caused either by cold work or by heat and technological treatments, 
are dominant factors for radiation damage value. 

Simplifying equation (2), first approximation can be written a s 

<=* * Л(й,*МО* - ftCNo'Nb)* (s) 

Then it can be shown for low irradiation doses the dominant rote for 
friction s t ress value plays initial concentration of defects, N ; for high 
neutron doses becomes more important concentration of radiation induced 
defects, N. . For small irradiation doses, if В > В ,<j)t , i.e. N > N . . 
it i s possible to write ( neglecting higher order terms ) 

which meane that for friction or yield strength increase we can find 

AOX'UO^ - Ajfá (?) 

A s the friction stress value for email values of N. i s proportional to the 

square root of initial concentration of defects, U . to N % , then it is 
о 

possible to rewrite the expression (7) a s 

*• 12 •• 

Д<7Т«Д<Ъ i АОгД (8) 

which i s valid for low neutron doses . For higher doses this dependence 
becomes more complicated and exponent i s decreasing to the aero. Results, 
summarized in Fig. 8, illustrate well this situation, fri part "a" several different 
heats and welding joints of ČSN 13030.9 Ni, AI • Ti steel were studied. 
For lower dose, 6.1xlO n/cm , thi3 exponent is near to one, for higher 

_19 # 2 dose, i x i u n/cm , exponent n is decreasing to O.6 with tendency io be 
independent on the initial yield strength value for very high doses . This 
effect means steel with higher initial yield strength value is hardened by 
irradiation in a smaller degreev than steel with lower initial yield strength. 

Part *b" In the same figure represents the results from irradiated 
specimens of the same steel with different initial cold work value, i.e. with 
initial dislocation density. Similar results, a s fór the part "a", a re shown; 
only changes in exponent are smaller a s the neutron do^es are lower. 
This situation can be illustrated by curves in Fig. 1, a s the higher initial 
cold work value caused increase in initial yield strength value, but the 
higher part of curve and final value at saturation dose must be the same 
( a s this is the characteristic property of material ), thus the increase of 
yield strength must be proportionally smaller. 

Model of radiation hardening in Fe-C-Mh type alloys 

The changes in stress-strain diagram of tensile test due to radiation 
hardening can be divided into several s teps, differing in the rate of changes 
of separate' parameters. This procedure cannot be based only on the 
changes of parameters in Petch law ( C7J, and ky ) but other parameters, 
as strength coefficient К and strain hardening exponent n from Ludwig s 
law ( Ú-m Ke ) must be taken into account. Only then conclusions 

concerning the form of stress-strain diagram and LUders strain value can 

be made. In principle, radiation hardening can be discussed In four stages, 

as i s seen in Fig. 9. 

- 13 -



15 Stage "a" can be observed for very low doses, approximately of lO 
to lO njbra , where local maximum of ky with neglecting increase in 
s tress <T^ is caused by irradiation. Only the initial part of diagram is 
changed, following the increase of Luders strain value. A s the parameter 
К and exponent n are not changed, post-Luders parts of diagram are 
coinciding. Change in defects concentration, induced by irradiation, is 
negligible to be able to restrict the Luders strain propagation through the 
specimen, similarly a s atoms, pinning the dislocations, are in the pre -
irradiation location. 

l f i 2 

Stage "b" occurs at neutron doses around lO n/cm , where friction 
stress is increasing but without any large change in parameter ky . A s 
value of strain exponent n is decreasing similarly to the decrease of 
coefficient K, thus decrease in the slope of diagram and increase in 
Luders strain are the results of both processes . 

18 2 
At the doses around 3 to 5xlO n/cm stage "c" appears . This 

stage is characterized by continued increase in friction s t ress with 
simultaneous decrease in parameter ky . For these doses parameter К 
shows small increase but the exponent n is continuously decreasing» 
A s a result the slope of stress-strain curve i s almost kept without change, 
but Luders strain value begins to decrease . In this dose region the s t ress 
necessary for propagation of dislocations through specimen is so high 
( due to the increase in friction s t r e s s a s a result, of irradiation induced 
concentration of defects ) that slip does not appear only in one group of 
planes, but starts simultaneously in more groups. This so called turbulent" 
slip appears ( on the contrary to the unirradiated stage ) just after Luders 
band propagation has finished. 

1Д 2 
For doses higher than 5xlO n/cm stage "d" can be observed. 

In this stage friction s t ress is still continuously increasing but parameter 
ky strongly falls to zero value. At the same time decrease in exponent n 
continues and parameter К begins to decrease, too. In consequence of 
both these changes slope of stress-strain curve is decreasing further. 
Result of all effects is expressed in the disappearing of Luders strain and 
physical yield point. For these doses it is possible to suppose the 
concentration of obstacles is so high a s to suppress free propagation of 
Luders strain and this high concentration causes enhanced migration of 

- 1 4 m 

carbon and nitrogen atoms out of dislocations (and creating obstacles far 
from them) so that the yield point can disappear ( for doses higher than 
l x l O n/cm ). 

All these conclusions are valid especially for pure iron, without any 
exceptions. For other type of alloys there can be some differences caused 
by different mk.rostructure and by carbon and manganese presence in 
alloys. 

Conclusions 

Results of the radiation damage study ( at SO to lOO С ) in binary 
and ternary Fe-C-Mh type alloys show some effects; the most important ones 
are : 

- radiation damage in this type of alloys results in hardening and 
embrittlement; hardening i s expressed especially by increase of friction 
s t ress and yield strength, and by decrease of parameter ky . 
Embrittlement causes elongation decrease and transition temperature 
increase ( based on impact tests ) 

19 2 
-г radiation damage saturated at doses higher than lO n/cm and then 

"supereaturation" region has been observed for several types of alloys, 
especially for Fe -C- type. "Supersaturation" is characterized by "softening" 
in strength properties, i.e. by yield strength decrease, without any 
increase in elongation 

- this type of alloys h a s strong 'structural sensitivity to radiation damage : 
-structure influence predominates over the free carbon and nitrogen content 
effect 

- for the same type of alloys or steels radiation damage value is dependent 
on the initial concentration of obstacles, i.e. on the initial yield strength 
value 

- radiation damage value i s strongly dependent on the carbon and 
manganese content in alloys 

- influence of carbon content is expressed by the ferrite content in alloys. 
A s the ferrite is the predominantly hardenable phase, with the decrease 

- 15 -



of forrite content in alloys radiation damage is? d e c r e a s e too- Pearlite 
influences radiation damage voluě especial ly in the "supersaturation" 
region due to softening of phase boundaries 

- manganese atoms create complexes with carbon or rdtrogen atoms or point 
defects during irradiation and thus substantially enlarge radiation 
hardening and embrittlement 

- increase of irradiation temperature up to 1 6 0 to 180 С c a u s e s enlarged 
hardening in alluys with *-r.a O.IO to G.15 % C, because in this 
temperature range additional hardening by precipitation of с - carbides 
appears; this process can take place only in fr э pearlite presence 

•* on the basis of the changes of individual parameters, found out during 
tensile tests, model for radiation hardening of Fe-C-rMh type alloys has 
been proposed. 
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