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ABSTRACT

Reduced Activation Ferritic/Martensitic Steel (RAFMS) is used as a structural material in fusion energy systems. It
is presently under development by several laboratories for the Indian Test Blanket Module for ITER. This paper
presents the outcome of the compatibility of RAFM and P91 (9Cr-1Mo) Steel (as-received and cold worked) with
static lead-17% lithium for 355 hours at two different temperatures viz. 823 K and 923 K. Suitable corrosion rates
for RAFMS and P91 in Pb-17% Li are established. The effect of corrosion on the structural and morphological
properties along with the possible mechanism of corrosion is studied. After 355 h of operation, samples of RAFMS
and P91 both asreceived and cold worked were analysed with the help of weight change measurements and
Scanning Electron Microscope coupled with Energy Dispersive Spectroscopy (SEM-EDS). The results showed
preferential dissolution of metallic species like Fe, Cr and Mn from P91 as-received samples leading to weight loss.
At lower temperature both as-received and cold worked samples of RAFMS gained weight due to oxidation,
predominantly at the boundary region. Dissolution and deposition rates are found to be increasing with temperature
in both P91 and RAFM steel specimens.
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INTRODUCTION

One of the key challenges in the nuclear fusiorttoraconcerns the compatibility of materials witte tcoolant.
With a primary aim of in-house tritium breeding,dceLithium eutectic (Pb-17% Li) is proposed as tbelant,
breeder and neutron multiplier. It provides effeetiritium breeding and safer, relative to moltighidm, due to its
less reactivity with air and water [1]. Howeversexious problem arising from the use of Pb-17%slthe corrosion
of the containment material and its deleteriousatfbn the mechanical properties. Pb-17% Li has f@end to be
more corrosive than pure lithium and the rate affasion is affected by various factors like tempara, flow
velocity, etc. [1,2]. It was found that austenitieels have a poor resistance to Pb- 17% Li becafuiee high
solubility of nickel [3,4]. Presently, Reduced-aetion ferritic/martensitic steels are considerexd promising
candidates for fusion reactor components. Its agweent has been promoted in order to simplify speci
containment of highly radioactive structures ofidmsreactor which has a better corrosion resistahae other
conventional Cr-Mo steels.

The reduced activation composition adopted fordlustructural materials has involved the substitutf alloying
elements like Mo, Ni and Nb present in the comnadroiartensitic steels by other elements which eklféster
decay of induced radioactivity, such as Ta, W and[5} With this objective a new reduced activation
ferritic/martensitic steel, named RAFMS has beewettped. Its chemical composition has been desigret
optimized to obtain good corrosion characteristiomparable to conventional Cr-Mo steels. The mairpgse of
this paper is to evaluate the effect of temperatune cold working on the corrosion behaviour of RAF-in static
lead lithium eutectic and to compare it with thddeéour of P91 Steel, a material studied as a chatelistructural
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material for fusion reactors [6]. Modified 9Cr- 1M® primarily designed for developing creep resist@loys for
fast breeder power reactor programs [7-9].

MATERIALSAND METHODS

The experimental setup used in the present woskdsvn in Figure 1. The material used for this stisdyeduced
activation ferritic/martensitic steel (RAFM) and B®eel (9Cr- 1Mo) in as-received and cold workendditions and
having dimensions shown in Table 1. The chemicaimusition of RAFM steel used is (wt.%): 0.11% (3% Cr,
0.5% Mn, 0.22% V, 1.0% W, 0.007% Ta, 0.003% N, €68% Ti, <0.001% Nb, <0.002% Mo, <0.005% Ni,
<0.002% S, balance Fe, and the composition of Bl & (wt.%): 0.006% C, 9.12% Cr, 1.09% Mo, 0.38%5,
0.14% Ni, 0.25% V, 0.14% Nb, balance Fe. The erge®ip was fabricated from a combination of two H&3
pipes having internal diameter 25mm and 4mm wadktess. Kenthal heaters covered with aluminiunamcee
beads along with K type thermocouples were wrappedhe pipe as indicated in Figure 1. All the heatare
connected through PID controllers. A thin 200 mmgddVolybdenum strip is used to place the sampléallgx
inside the tubes. Pb—17% Li chunks were placetler8S316L tubes and a positive cover gas pressargan was
maintained over the entire setup. The temperatiitebe A was raised and maintained at 823 K (550wWkereas
tube B was maintained at a temperature of 923 K P€5.
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Figure 1: Schematic drawing of the corrosion testing setup

Table 1a: Dimensions of RAFMand P91 steel

Tube A: RAFMS TubeB: RAFMS
Samples
. . As-Received Cold Worked As-Received Cold Worked
Dimensions (mm)
Length 20 21 20 21
Breadth 12 14 12 15
Thickness 3 2 3 2
Weight (gm.) 5.620 4.659 5.565 5.234
TubeA: P91Sted TubeB: P91 Sted
Samples
. . As-Received Cold Worked As-Received Cold Worked
Dimensions (mm)
Length 12 13 13 12
Breadth 9.5 9.7 9.7 9.4
Thickness 2 1 1.7 1.7
Weight (gm.) 1.434 1.002 1.570 0.982

After 355 h of operation, RAFM and P91 steel samplere taken out from SS316L tubes under argonsgthase.
The samples were cleaned off the adhering soldlife-17% Li by repeatedly exposing it to a mixtofeacetic
acid, acetone and hydrogen peroxide mixed in the r&1:1. The cleaned samples were used for furthe
characterization.

The corrosion rate of RAFMS and P91 steel samplessatic Pb-17% Li was quantified as a functioniwie using

weight loss measurements. Microstructural and caitipoal analysis was carried out by Scanning Ebect
Microscopy coupled with Energy Dispersive Spectopsc(SEM-EDS). For characterization, samples wéchesl

in Picral (picric acid and ethanol).
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RESULTSAND DISCUSSION

Weight loss data for RAFMS and P91 steel samplesas-received and cold worked conditions, at bo#h t
temperature is shown in Table 2. As observed fioentable, dissolution rate in P91 steel (as-rededgndition) at

923 K is higher than the rate at 823 K and hente eadissolution is increasing with temperatu@n the other
hand, Table 3 shows the increase in weight of RA&M P91 steel samples (as-received and cold worked
condition).

Table 2: Dissolution rate of RAFM S and P91 steel samplesat 823 K and 923 K

Temperature Samples Initial weight  Final weight  loss  Dissolution rate
(K) (gm.) (gm.) @gm) __ (uglem’h)
823 K P91(as-received) 1.434 1.433 0.001 0.08
93K RAFMS (colq worked) 5.234 5.226 0.008 291
P91 (as-received) 1.570 1.55 0.02 17.15

Table 3: Deposition rate of RAFM S and P91 steel samplesat 823 K and 923 K

Temperature Samples Initial weight  Final weight Gain  Deposition rate
(K) (gm.) (gm.) (gm) __ (pglem?h)
RAFMS(as-received) 5.620 5.636 0.016 6.70
823K RAFMS(cold worked) 4.659 4.662 0.003 1.16
P91(cold worked) 1.002 1.004 0.002 1.89
923K RAFMS(as-received) 5.565 5.592 0.027 11.31
P91(cold worked) 0.982 0.990 0.008 7.55

As indicated in Table 3, deposition rate for RAFMea (as-received) at 923 K is higher than the edtéower
temperature. Deposition rate in cold worked P9&lstamples shows increment with temperature. ThENRANd
P91 steel samples were subjected to microstrucam@lcompositional analysis after cleaning of ttieesent layer
of Pb-17% Li. Figure 2a&b shows the microstructafeRAFM steel (as-received) after exposure to P& 17 at
823 K and 923 K respectively. Figure 2a clearlyvehcdhe deposition of lead on the surface of thepsam
Composition of these samples was obtained from B 3a&b) and is reported in Table 4, both at lany and
matrix region. The boundary region of the samptidated the presence of 24.69% oxygen whereas taitkpsamall
amount of oxygen is present. Iron and chromium eents found to be increasing from boundary to rierix
region, indicating the deposition of metallic sgacresulting in weight gain. On examining the mstmacture of
P91 steel samples(Figure 4a), whitish layer of dgadim is deposited on the surface of the steleémexposed at
823 K. At higher temperature, microstructure shalgsolution of metallic species from both boundang matrix
region (Figure 4b).

Compositional analysis of P91 steel specimen isvahia Table 5 as obtained from EDS Fig 5a&b. Resuiticate
almost same amount of oxygen content at both bayralawell as at matrix region. Iron and chromivomtent is
depleted from the as-received P91 steel specim&2&tK, which accounts for the weight loss. On tbatrary,
cold worked sample shows deposition of metallicgzelike Iron, Chromium and Molybdenum on the aoef

Table 4: Composition of RAFM steel sample

Elements Weight%
At Boundary At Matrix

Oxygen 24.69 4.31
Chromium 6.57 9.55
Iron 64.77 85.04
Tungsten 1.66 0.91
Lead 0.77 0.20
Tantalum 1.46

Manganese 0.08

Table5: Composition of P91 steelsample

Elements Weight%

At Boundary At Matrix
Oxygen 22.74 23.62
Chromium 6.07 7.29
Iron 69.74 67.75
Manganese 0.38 0.42
Molybdenum 0.64 0.93
Lead 0.44 -
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Figure 2: (a) Microstructure of RAFM steel after exposurein Pb-17% Li at 823 K, (b) RAFM sted sample at 923 K indicating the
deposition of metallic species.

Figure 4: (a) Microstructure of P91 specimen after exposur e showing deposition of L ead, (b) P91 steel specimen indicating weight loss
dueto depletion of Iron and Chromium
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Figure5: Compositional analysis of P91 steel after exposure (a) at the boundary region, (b) at the matrix region
CONCLUSION

RAFM and P91 steel samples were exposed to seatit17% lithium eutectic at 823 K and 923 K. A&b h, the
dissolution rate of P91 steel (As-Received) at B28nd 923 K is 0.08ig/cnth and 17.15.g/cnth respectively.
Test results revealed that corrosion of P91 speatim#ates by dissolution of the oxide layer prasen its surface.
Non-uniform dissolution of P91 creates a non-amifly exposed surface from which corrosion procewdsly by
the dissolution of major alloying elements like @xd Fe into Pb—17Li. On the contrary, dissolutiate rof RAFM
steel (cold worked) at 923 K is 2.9iy/cnth. At 823 K, deposition rate of RAFM steel bothctelorked and as-
received samples are found to be 1.16 and fg/onth respectively, due to Iron, chromium and molybdenu
depositionat the boundary region.RAFM steel sample®23 K shows high deposition rate of 1u@tnth
whereas deposition rate in P91 steel samples,wotlled, at 823 K and 923 K is1.8@/cnth and 7.55.g/cnth
respectively.
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