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Microhardness and SP tests were conducted to improve the reliability
of DBIT shift evaluation caused by aging (thermal aging, neutron
igg irradiation, cold relling) using several model alloys (Fe-0.15C alloys

and 2 1/4 Cr-1Mo steelsg).
Although evaluation of DBTT by the SP test was overall good,

intergranular brittleness could not be detected by SP DBTT measurement
only. By combining other measurements like fractographic observation,

however, material degradation can be evaluated more properly.

Keywords : Small Punch Test, Fe-0.,15C Alloy, 2 1/4 Cr-1Mo Steel,
DBTT, Microhardness, Intergranular Fracture, Neutron

Irradiation, Temper Embrittlement, Transgranular Fracture,

Fractography
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1. Introduction

Although small specimen technique 1is necessary to evaluate
the radiation response of materials not only for fusion but
also fission reactors from the point of improving availability of
surveillance test specimens, fracture-related properties 1like
fracture toughness, ductile brittle transition temperature (DBTT)
and so on are difficult to measure by small and/or limited number
of specimens. Considering that these properties are key factors
for asseséing fhe structural infegrity of nuclear reactor compo-
nents, it is essential that small-specimen technique aiming at
the toughness evaluation be developed. Hardness and bulge tests
have methodological advantages because they possess certain
flexibility from the standpoint of miniaturization. The former is
well known to have a good relation with tensile strength. As an
example of the latter method, small punch (SP) test 1s being
successively applied to evaluate the fracture-related properties
such as DBTT[1-7].

In the SP test, DBTT determination is conducted based on the
temperature dependence of a certain SP-related parameter. SP
energy which is defined as an energy consumed during the test
before the onset of macrocracking 1is often used for this
parameter. The DBTT determined from SP test (SPDBTT) has a good
correlation with Charpy DBTT[1-3]. However, further study is
still needed as to whether it can detect and evaluate degrada-
tion properly corresponding to various material degradation

modes.
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In the present paper, improved way of DBTT assessment using

SP and microhardness tests is argued.
2. Experimental Procedure

2.1 Materials

Matérials used in the present experiment were two kinds of
Fe-C alloys with different heat treatment (material C and D) and
two kinds of 21/4Cr-1Mo steels ( material NT: normalized and
tempered , material AN: annealed). Chemical compositions and
heat treatment conditions are shown in Tables 1 and 2. Experi-
ments were also conducted using the NT 21/4Cr—1Mo steels ther-
mally aged or neutron irradiated or cold worked. Thermal aging
was conducted at 723K for 50000h. Neutron irradiation was con-
ducted in Japan Research Reactor-2 (JRR-2) at 573 K to a fluence

of 2 x 1023n/m? (E>1MeV).
2.2 Microhardness and Small Punch Tests

Microhardness test with a maximum applied lcad of 100gf
(0.98N) was conducted at temperatures from rcom temperature down
to 1680 K. During the test, applied lcad and indentation depth
were measured to evaluate hardness-related property accurately.

SP test was performed in the temperature range from 77 K to

2

300K. Specimens for the SP test were 10 x 10 mm coupons with

0.5 mm thickness. The SP test method and apparatus are presented
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In the present paper, improved way of DBTT assessment using

SP and microhardness tests is argued.
2. Experimental Procedure

2.1 Materials

Materials wused in the present experiment were two kinds of
Fe-C alloys with different heat treatment (material C and D) and
two kinds of 21/4Cr-1Mo steels ( material NT: normalized and
tempered , material AN: annealed). Chemical compositions and
heat treatment conditions are shown in Tables 1 and 2. Experi-
ments were also conducted using the NT 21/4Cr~lM0 steels ther-
mally aged or neutron irradiated or cold worked. Thermal aging
was conducted at 723K for 50000h. Neutron irradiation was con-
ducted in Japan Research Reactor-2 (JRR-2) at 573 K to a Tluence

of 2 x 1023n/m2 (E>1MeV) .
2.2 Microhardness and Small Punch Tests

Microhardness test with a maximum applied lcad of 100gf
(0.98N) was conducted at temperatures from room temperature down
to 160 K. During the test, applied load and indentation depth
were measured to evaluate hardness-related property accurately.

SP test was performed in the temperature range from 77 K to

2

300K. Specimens for the SP test were 10 x 10 mm coupons with

0.5 mm thickness. The SP test method and apparatus are presented
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elsewhere[4,5]. A hard steel ball with 2.4 mm diameter was used

for the punching. All SP tests were performed at a crosshead

speed of 8.3 x 10-3 mm/s.

3. Results and Discussicon

3.1 Temperature Dependence of Microhardness-related Properties

Hardness-related properties can be evaluated well by analyz-
ing load versus indentation depth relationship[8]. For example,
this relationship obtained during loading can be expressed in
the following way;

L/d = Ag + Aj#d (1)
where L is load, d is indentation depth, and Ao and Ay are con-
stants. Suzuki et al. showed that constant A; has a linear
relationship with yield or tensile strength[7]. Although var-
ious attempts were made to detect the temperature dependence of
a certain microhardness-related parameter which could be <corre-
lated with ductile to brittle transition behavior, any of these
could not be correlated with fracture-related property like DBTT
in the present experiment. Fig.l shows Ay as a function of test
temperature for NT 21/4Cr-1M0 steels of as received and 80% cold
worked. As the test temperature decreases, Al for both materi-

als increased in a similar manner.
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elsewhere[4,5]. A hard steel ball with 2.4 mm diameter was used

for the punching. All SP tests were performed at a crosshead

speed of 8.3 x 10-3 mm/s.

3. Results and Discussion

3.1 Temperature Dependence of Microhardness-related Properties

Hardness-related properties can be evaluated well by analyz-
ing load versus indentation depth relationship[8]. For example,
this relationship obtained during loading can be expressed in
the following way;

L/d = Ag + Aj%d (1)
where L is load, d is indentation depth, and AO and Ay are con-
stants. Suzuki et al. showed that constant Ay has a 1linear
relationship with yield or tensile strength[7]. Although var-
ious attempts were made to detect the temperature dependence of
a certain microhardness-related parameter which could be corre-
lated with ductile to brittle transition behavior, any of these
could not be correlated with fracture-related property like DBTT
in the present experiment. Fig.1l shows Ay as a function of test
temperature for NT 21/4Cr-lM0 steels of as received and 80% cold
worked. As the test temperature decreases, Aj for both materi-

als increased in a similar manner.
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3.2 Temperature Dependence of SP-related FProperties

Fig. 2 shows SP-related properties (SPgporgy, 6 *. Ppax) of
Fe-0.15C alloys {(material C and D} as a function of SP test
temperature. Here, 6§ ¥ is maximum deflection at the onset of
macrocracking and Pp,y 1s maximum load during the test (for
detailed definition see referencel[b]) . Pnax is normalized by
tOZ( tg is initial specimen thickness). As the test temperature
decreases, all these SP-related values show sudden decrease at a
certain temperature. This temperature is thought to correspond to
a point where ductile to brittle transition occurs. There is no
difference at the point where sudden drop occurs among these
properties. Therefore, as maximum load can be measured most
easily and thus with less scatter, Pmax can be used for the
parameter to determine the DBTT from the practical aspects in
application. In the present paper, Pp,x is used for evaluating

DBTT.

3.3 TFactors Affecting the Temperature Dependence of PmaX

(1) Effect of Microstructure

Difference of microstructure can give a clear difference of

P versus test temperature relationship. In Fig.2, the clear

max
difference is seen for Fe-0.15C alloys having a different micro-
structure (material C€ and D), where microstructure is ferrite

(plus pearlite) for the material C, and bainite for the material
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D. Another example is also seen in Fig.3, where Pmax of two
kinds of 21/4Cr—1Mo steels having a different heat treatment
history is shown. The microstructure is ferrite plus pearlite
for the material AN (annealed), and bainite (plus proeutectoid
ferrite) for the material NT (normalized and tempered). SP DBTT
is very sensitive to complete microstructural change. Fig.4 shows
the relationship between SPDBTT and Charpy DBTT. The former 1is
tentatively determined to be a temperature corresponding to half
the maximum Pp,y. and the latter is evaluated in terms of 68J
absorbed energ&. SPDBTT is often correlated with Charpy DBTT by
the following equation;
SPDBTT = a # Charpy DBTT (2)

where ¢ 1is correlation coefficient. Using the materials with

different microstructures (ferrite , pearlite), a of about 0.4

could be cobtained.
(2) Effect of Hardening (cold rolling and neutron irradiation)

In general, the shift of DBTT caused by neutrom irradiation
can be explained clearly by the Ludwig-Davidenkov relationship,
that is, an increase in yield stress or radiation hardening re-
sults in a DBTT shift. Likewise the case of neutron Iirradiation,
cold working also induces a DBTT shift. In Fig.5, Ppa/to2 1is
represented as a function of test temperature for NT 21/4Cr~1Mo
steels of as received, 20% cold worked and 50% cold worked. The
material 50% cold worked showed more than 50 K increase of

SPDBTT. Interesting feature of the temperature dependence of Phax
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for cold worked materials is that difference of Pp,, among these
three materials becomes less as temperature decreases. That is,
APpax (= Pnax(cold worked) - Phax(@s received)) is largest at
room temperature, and tends to be very small as the SP test
temperature becomes lower. Similar tendency can be also observed
for neutron irradiated materials as shown in Fig.6, where Pp.y
of NT 21/4Cr-1M0 steel before and after irradiation is shown as a
function of test temperature. This tendency is a clear contrast
to the case when two materials have different microstructure as a
result of different heat treatment. ziPmaX(for example, =

(NT) - P (AN}) is almost constant over entire temperature

Pmax max

range down to low temperature {(see Figs.2 and 3).

(3) Effect of Intergranular Brittleness

DBTT also increases as a result of iIintergranular brittle-
ness. Typical example of this case is temper embrittlement which
is seen in low alloy steels when they are exposed to the tempera-
ture region ranged from ~-673K to ~823K. NT 21/4Cr—1M0 steel also
becomes brittle after long term thermal aging. Table 3 shows the
Charpy~-related properties 1like DBTT measured by 68J absorbed
energy, fracture appearance transition temperature(FATT) and
fraction of intergranular fracture for NT 21/4Cr—1Mo steel before
and after 50000 h thermal aging. After 50000 h thermal aging at
723K, the DBTT increased about 40 K, and this shift is accompa-
nied by the increase in the fraction of intergranular fracture.

In Fig.7, Ppax is shown as a function of test temperature. It
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is to be noted that despite the fact that Charpy DBTT increased,
there was no clear difference in SP-related properties. Simple
execution of SP test has a possibility to fail to detect the

material degradation caused by intergranular brittleness.
(4) Observation of Fracture Surface for SP Specimen

Fracture surface of SP specimen was observed by a scanning
electron microscope (SEM). It was ascertained that as the test
temperature decreased, fracture mode changed from ductile frac-
ture to brittle fracture mode. Fig.8 shows the fraction .of
ductile fracture as a function of test temperature for materials
already described. The temperature dependence of the fraction of
ductile fracture is coincident with that of Py ,y. This fact means
that degradation of NT 21/4Cr—1Mo steels caused by thermal aging
(723K x 50000 h) could not be detected using this parameter also.
However, from a careful observation, slight difference was seen
in the lower fraction of ductile fracture region. That 1is, the
point where the fraction of ductile fracture begins to increase
(indicated by an arrow in Fig.8) was higher for the aged materi-
al. Furthermore, in the fractographic examination, it was shown
that the fracture appearance was greatly changed. Fig.9 shows the
scanning electron micrographs of the SP specimen after test
(Fig.9(A)) and 1its typical fracture surface appearance
(Fig.8(B-D)} for NT 21/4Cr—lMo steel after thermal aging (723K x
50000 h). Test temperature was at 118K (transition region).

As 1is seen in the photographs (B-D), intergranular fracture was
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clearly secen for this material. By contrast, only sméll frac-
tion of intergranular fracture was observed in the as received
material. Fracture appéarance was summarized in Fig.10 for NT
21/4Cr—1Mo steels before and after the thermal aging. Here, the
fractions of intergranular (I.G.), transgranular cleavage (C) and
ductile (D) fracture were determined based on about 10 - 20 SEM
photographs taken at the magnification of 1000. The fraction of
occurrence of Iintergranular fracture was larger than that of
Charpy specimen possibly due to biaxial stress state in the &SP

test specimen.

3.4 Reliable Detection of Material Degradation in Terms of DBTT Shift

Although clear relationship is seen between Charpy DBTT and
SPDBTT from the experiment using the materials of different
microstructure, whether this correlation is valid or not for the
evaluation of material degradation which will be caused In var-
ious manner is still open to guestion because of the lack of the
physical mechanism. Deformation behavior during the SP test can
be divided into four regions[1]; I .Elastic bending, I .Plastic
bending, I .Plastic membrane stretching, IV.Plastic instability.
As test temperature decreases, the region at which fracture
occurs changes from IV to I wvia I and I . Material degradation
can affect the balance of contribution corresponding to each
deformation region. One example was shown in the temperature
debendence of Ppax- Phax is constituted by four components corre-

sponding to the four deformation modes;
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Ppax = P1 *Pp +Pp + Py (3)
As cold working or neutron Irradiation reduces plasticity (elon-
gation), reductions in the constituents of PHI.and P make the

total increment (AP } much smaller as the temperature becomes

max
low(in case, it can be negative). Therefore i1t 1s apparent there
would no clear relationship between Pg., in SP test and ultimate
tensile strength in tensile test when the entire test temperature
region 1s considered. Therefore, for obtaining tensile-related
properties, hardness still possess an advantage over 8P test.
[.Likewise tensile properties, SP-Charpy DBTT correlation has some
limitation. As was shown for thermal aged NT 21/4Cr—1Mo steel,
mere execution of SP test could not detect DBTT shift. Fracto-
graphic observation was absolutely necessary, by which the change
of the fracture mode could be detected. The fact that neutron
irradiation or hardening—induced DBTT shift can most possibly be
detected by the S8SP test method is very encouraging for the
application of the SP test to the material degradation evalua-

tion in nuclear reactor components.
4. Conclusion

Microhardness and SP tests were conducted to improve fhe
reliability of DBTT shift evaluation caused by aging including
irradiation using several model alloys (Fe-0.15C alloys and
21/4Cr—1Mo steels) which also received thermal aging or neutron
irradiation or cold working. Main results obtained were as

follows:
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Ppax = F1 *Pp * Pg * Py (3)
As cold working or neutron irradiation reduces plasticity (elon-
gation), reductions in the constituents of PIH.and P make the

total increment (AP }) much smaller as the temperature becomes

max
1ow(inrcase, it can be negative). Therefore it is apparent there
would no clear relationship between Pp,, in SP test and ultimate
tenslile strength in tensile test when the entire test temperature
region is considered. Therefore, for obtaining tensile-related
properties, hardness still possess an advantage over 8P test.
Likewise tensile properties, SP-Charpy DBTT correlation has some
limitation. As was shown for thermal aged NT 21/4Cr—1Mo steel,
mere execution of SP test could not detect DBTT shift. Fracto-
graphic observation was absolutely necessary, by which the change
of the fracture mode could be detected. The fact that neutron
irradiation or hardening-induced DBTT shift can most possibly be
detected by the 8P test method is very encouraging for the
application of the SP test to the material degradation evalua-

tion in nuclear reactor components.
4. Conclusion

Microhardness and SP tests were conducted to improve fhe
reliability of DBTT shift evaluation caused by aging including
irradiation using several model alloys (Fe-0.15C alloys and
21/4Cr—1M0 steels) which also received thermal aging or neutron
irradiation or c¢old working. Main results obtained were as

follows:
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(1) Maximum load during the SP test (Pmax) can be used for the
parameter to determine the DBTT.

(2) SPDBTT 1is sensitive to complete microstructural change
(ferrite ,pearlite). In this case, SPDBTT-Charpy DBTT correla-
tion ccocefficient of about 0.4 can be obtained.

(3) SP DBTT shift owing to hardening (cold working and neutron
irradiation) can be detected by the temperature dependence of

P although A Pp. ¢ ( = Pmax(cold worked or irradiated)

max'’
(as received)) is largest at room temperature, and tends to

- Ppax
be very small as the SP test temperature becomes lower.

{4) Temper embrittlement of 21/4Cr—1Mo steel cannot be detected
by SP DBTT measurement. In this case, fractographic observation
can reveal the change of fracture mode from transgranular to
intergranular type.

{5) Microhardness-related parameters could not be correlated
with ductile to brittle transition behavior. However, it 1is
still necessary to evaluate material degradation, becausé it

possess an advantage for obtaining tensile-related properties

over SP test in entire temperature region.
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(1) Maximum load during the SP test (P ,y) can be used for the
parameter to determine the DBTT.

(2) SPDRTT 1is sensitive to complete microstructural change
(ferrite ,pearlite). In this case, SPDBTT-Charpy DBTT correla-
tion coefficient of about 0.4 can be obtained.

(3) SP DBTT shift owing to hardening (ccold working and neutron
irradiation) can be detected by the temperature dependence of

P although APg .y ( = Pmax(cold worked or irradiated)

max’

- P (as received)) is largest at room temperature, and tends to

max
be very small as the SP test temperature becomes lower.

{(4) Temper embrittlement of 21/4Cr—1Mo steel cannot be detected
by SP DBTT measurement. In this case, fractographic observation
can reveal the change of fracture mode from transgranular ¢to
intergranular type.

(5) Microhardness-related parameters could not be correlated
with ductile to brittle transition behavior. However, 1t is
still necessary to evaluate material degradaticon, because it

possess an advantage for obtaining tensile-related properties

over SP test in entire temperature region.
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Table 1 Chemical compositions of the materials used.

Alloy c Si Mn P S Ni Cr Cu Mo
C 0.144 0.02 <0.01 0.032 0.003 <0.01 <0.01 <0.01 <0.01
Fe-0.15C
o 0.152 0.02 <0.01 0.032 0.003 <0.01 <0.01 <0.01 <0.41
NT 0. 14 0.08 0.54 0.009 0.009 0.12 2.36 0.09 1.04
2 1/4Cr-1Mo
AN 0.13 0.07 0.52 0.009 0.009 0.12 .32 0.09 1.03
Tabhle 2 Heat treatment conditions of the materials used.

Designation Treatment Type

Details

NT normalized and
tempered

AN annealed

C annealed

D quenched and
tempered

austenized at 1173/1198K for 5 h,quenching

tempered at %13/933K for 6 h,

air cooled, PWUT

austenized at 1173/1198K for 5 h,cocled

at a rate of 60X/h, PWHT

austenized at 1153K for 1 h,

cooling

austenized at 1183K for 1 h,
air cooling

tempered at 913K for 1 h,

100K/h furnace

water quenching.

PWHT: §50/963K for 22 h

Table 3 Charpy-related properties of the NT 21/4 Cr-1Mo steel

before and after 50000 h aging at 723K.

Charpy—related Properties
NT 2 1/4Cr—1Mo
vTrbo FATT F. 1. F
As recelved 193K 215K 0 %
723K x 50000h saged 234K 273K 22%

vTr50:68) absorved

FATT:50% fibrositiy

F.I1.F:Fraction of
shelf region

energy transition
transition

intergranular

temperature

temperature
fracture

at lower
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Fig. 1 Microhardness-related property (coefficient Al) as a
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Fig. 4 The relationship between SP DBTT and Charpy DBIT for
2174 Cr-1Mo steels and Fe-0.15C alloys.
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Fig. 5 Pmax/t 2 as a functicn of the SP test temperature for

0
the NT 2 /4 Cr-1Mo steels after 20 % and 50 % cold working.
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Fig. 6 Pmax/tO

the NT 2 /4 Cr-1Mo steel before and after neutron
irradiation at 573K to the fluence of 3x1023n/m2(E>lMeV)

as a function of the SP test temperature for
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P ft as a function of the SP test temperature for

Fig., 7
max O 1
the NT 2 /4 Cr-1Mo steel before and after thermal aging
at 723K for 50000 h.
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Fig. 8 Fraction of the ductile fracture as a function of the SP

test temperature for 21/4 Cr-1Mo steels and Fe-0.15C

alloys.,
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Appendix Fig. 1-10

Appendix Fig. 1
SP-related parameters as a function

Appendix Fig. 2
SP-related parameters as a function
(AN, NT, NT aged).

Appendlix Fig. 3
SP-related parameters as a function
(LL, HH).

Appendix Fig. 4
SP-related parameters as a function
(HL, LH).

Appendix Fig. b
SP-related parameters as a function
(LL, HH, HL, LH).

Appendizx Fig. 6
SP-related parameters as a function
(cold worked).

Appendix Fig. 7
SP-related parameters as a function
(cold worked).

Appendizx Fig. 8
SP-related parameters as a function
(Fe-0. 02C(A), Fe-0. 02C-0. 03P(B) ).

Appendizx Fig. 9
SP-related parameters as a function
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Appendilx Fig. 10

SP-related parameters as a function of test temperature for 2 1/4Cr-1Mo
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Fig. 2 SP-related parameters as a function of test
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Appendix Fig. 5 SP-related parameters as a function of test
temperature for 2 1/4Cr-1Mo steel
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Appendix Fig. 7 SP-related parameters as a function of test
temperature for 2 1/4Cr-1Mo steel
(cold worked).
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Appendix TFig. 10 SP-related parameters as a function of test
temperature for 2 1/4Cr-1Mo steel
(Fe-0.02C (A), Fe-0.02C-0.03P (B), Fe-0.15C
-0,03P (C), Fe-0.15C-0.03P (D)).
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Appendix Fig. 11
Fracture appearance of SP specimens;

Material: A387 Gr.22 Cl.2 (produced in the year $52)
20%(3) , 50%(F) , 80%(E) cold worked

Test temperature: -1893°C ~ 51C
Specimen: 10x10x0.5(mm)

Comments: Irradiation tests corresponding to these materials:
NONE
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A387Gr. 22 Cl. 2

Appendix Fig. 11 Fracture appearance of SP specimens
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Appendix Fi§.12
Fracture appearance of SP specimens;

Materiai: (1) A387 Gr.22 Cl.1 (produced in the year S52) :AN
(2) A387 Gr.22 C1.2 (produced in the year 852) :A
(3) After aging (450°Cx50000h) for material (2) :B

Test temperature: -180C ~ 25T

Specimen: 10x10x0.5(mm)

Comments: Irradiation tests corresponding to these materials:
ICM-89H ((1),(2) and 10000h aged material)

goM-64  ((1), (2)
ICM-104H ((1), (2))
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Appendix Fig. 12 Fracture appearance of SP specimens
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Appendix Fig. 13
Fracture appearance of SP specimens;

Material: (1) Fe-0.02C model alloy
(2) Fe-0.02C-0. 03P model alloy
(3) Fe-0.15C-0.03P mode!l alloy (AN) :
(4) Fe-0.15C-0. 03P model alloy (QT) :

o oo e

Test temperature: -160°C ~ 25C
Specimen: 10x10x0.5(mm)

Comments; Irradiation tests corresponding to these materials:

ICM-96H ((1), (2, (3), (4))
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Appendix Fig. 14
Fracture appearance of SP specimens;

Material: (1) A387 Gr.22 C1.2 experimantal alloy {0.005P,0.01Cu)
(2) A387 Gr.22 Cl.2 experimantal alloy (0.01P,0.05Cu)
(3) A387 Gr.22 Cl.2 experimantal alloy (0.01P,0.01Cu)
(4) A387 Gr.22 Cl.2 experimantal alloy (0.005P,0,01Cu)

Test temperature: -180TC ~ 25T

Specimen: 10x10x0.5(mm)

Comments: Irradiation tests corresponding to these materials:

ICH-86H ((1), (2), (3), (&)

:LL, 4
‘HH, b
:HL, 6
:LH, 7
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Appendlix Fig. 15

Fracture surface of SP specimens; observation area C (in Fig.9)
Material: A387 Gr.22 Cl1,2
20%(G), 50%(F), 80%(E) cold worked
Test temperature: -193C ~ 25C
Specimen: 10x10x0.5(mm)

Comments: Irradiation tests corresponding to these materials:

NONE
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Appendix Fig. 15
Fracture surface of SP specimens; observation area C (in Fig.9)
Material: A387 Gr.22 Cl.2
20%(@), 50%(F), 80%(E) cold worked
Test temperature: -193°C ~ 256
Specimen: 10x10x0. 5(mm)

Comments: Irradiation tests corresponding to these materials:

NONE
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Appendix Fig. 18

Fracture surface of SP specimens; observation area C (in Fig.9)

Haterial: (1) ¥e-0,02C model alloy ‘A
(2) Fe-0.02C-0. 03P model alloy :B, B*
(3) Fe-0.15C-0.03P model alloy (AN) :C
(3) Fe-0.15C-0.03P model alloy (QI) :D
Test temperature: -180C ~ 25T

Specimen: 10x10x0.5(mm)
Comments: Irradiation tests corresponding to these materials:

- ICM-96H ((1), (2), (3), (4))
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Appendizx Fig. 17

Fracture surface of SP specimens; observation area C (in Fig.9)

Material: (1) A387 Gr.22 Cl.1 (produced in $52) :AN
(2) Fe-0.02C model alloy A
(3) Fe-0.02C-0.03P model alloy B
(4) A387 Gr.22 Cl.2 experimantal alloy (0.01P,0.05Cu) :5,HH

Test temperature: -180°C ~ 25C

Specimen: 10x10x0.5(mm}

Comments:; Irradiation tests corresponding to these materials:
ICH-89H ((1))
oM-64 (1))

ICH-96H ((2), (3), (4))
ICM-104H ((1))
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