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S s. all normally contain higher levels of nickel and of carbide-

s 

ki 

ca 

el such as chromium and molybdenum. INCOLOY 800 H ( - 20 % Cr 
- 0.3 % Ti - 0.3 % Al) is by far the most widely used of these higher 
all and has been the subject of inves gations concerning the 

es of carburisation and carbide precipi on 2 , 3), the interaction 
carbon diffusion and carbide precipitation4), and the influence of 

sa on on the mechanica1 3 , 5) and physica1 3 ) properties of the alloy. 

latively 1i 
all ,although 

e work has been done on the carburisation of nickel-base 
hnaas and Grabke2 , 3) studied the carburisation kinetics 

Ni i 16 (Ni - 16 % Cr - 18 % Fe - 3 % Si), and INCONEl 617 (Ni - 22 % 

aimed 
% Co - 9 % Mo - 1 % Al). The work described in the present report was 
providing a better quant; tive understanding of the influence of 

various carburisa 
time) on the room 

c 1- all 

on parameters (carbon uptake, carburisation depth, exposure 
temperature tensile properties of INCOlOY 800 Hand the 

INCONEL 617, HASTEllOY X and NIMONIC 86. These all are 
materials for the fabri on components from sheet i 

or advanced high temperature reactor (HTR) 

2. 
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AND RESULTS 
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The small s men size was used because 1 

available to this geometry. However, the gauge 

than that specified by DIN 50 1 . Addi onally, 
used did not permit the 0.2 % proof s s to 
on these small spec;mens, although all 

according to this standard. 

pa 

imens were 

t machine 

s could is 

The broken, carburised tensile specimens were , examined 110-

graphically (see reference 8), and subjected to microhardness in a 

region remote from the fracture face. Carbon anal were also ed 

on the broken specimens: two layers each 0.5 mm thick were removed by 
machining and the carbon contents of these and the remaining portion 
were determined by combustion analysis (LEeO-IR 12; Inco Europe Limi 
Birmingham, England). 

rbon concentration and hardness profiles on ca ri 
s imens are shown in gure 2. 
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100 h carburisation 

100 h carburisation + 200 h homogeni 

100 h carburisation + 900 h homogen; 

300 h carburisation 

300 h carburisation + 700 h homogenis 
1 000 h carburisation. 1 
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miero-analysis (EPMA). To evalua EPMA analyses, ca 
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carbides in the specimens of INCONEL 617 and HASTELLOY X were examined 
by EPMA using the ARL instrument at Inco Europe Limited. Two main carbi 
types were found and the measured contents of chromium, molybdenum and carbon 
about 1 mm beneath the specimen surface both in the particles and in the 
surrounding matrix are given in Table 5. The analyses have not been correc­
ted for possible absorption affects. The compositions of the two carbide 
types in the two alloys were very similar, Type I containing 65 wt. % Cr and 
14 wt. % Mo, and Type 11 containing 31 - 32 wt. % Mo and 9.5 wt. % Cr. A ful1 
analysis of the carbides was not obtained, but it is probable that the balance 
of the metal atoms would be largely nickel, possibly with some cobalt in 
INCONEL 617 and iron in HASTELLOY X. 

3. RESULTS AND DISCUSSION 

3.1 t of thermal on mechanical es 

In the development of high temperature al1oys, an important consi on is 

s tural stability, and composi ons are which do not produce 
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for high strength are contradictory so that in practice a compromise is needed. 
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difference in ductility may be due 
having considerably more i ron (1. %) ABC (0.15 %) - see e 2. 

3.1.3 HASTELLOY X 

In this alloy, the precipitation M6C res in 
me 650 - 850°C is a major factor controlling the 

exposures in this temperature range have been found cause severe ons 
in room temperature tensile elongation and impact s 
Figures 11 and 12, respectively. It is also clear from Fi 

, 19), as shown in 
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3.2 Influence 

ile The room tempera 
determined in the t programmes 
Figures 15, 16, 17 and 18 
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bulk ca ~ontent 

Strength properties. The 0.2 % proof stress (Rp 0.2) and ul ma 
tensile strength (Rm) of carburised alloys are shown in Figure 15. 

Although the proof s s was hardly affected by carbon uptake during 
carburisation, a rapid rease in the ultima tensile strength was 
observed for all four alloys with increasing carbon uptake. The rease 
was less steep for the iran-base INCOLOY 800 H than for the n; 
a11 oys. 

E1 tian. The relationship between room temperature onga on 
and the average bulk carban content is shown in gure 16. Some data 
determined by the General Atomic Company on imens expo s 
at 900 and 1000 °c in a simulated HTR-helium environment20 , also 
included. ils of the environment (Os10 "Phase 4" helium) are given 
in Sec on 3.4.2. The elongation values fell rapidly wi increasi 
carbon content, and again for INCOLOY 800 H the in on 
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ni a solubility (the reciprocal the so 1 u 1 ity t) as: 

aus 

(2) 

N
C 

are the mole fractions of titanium and carbon in solutior 

we obtain 

= 1.4 x 105 at 1175 °c, 
( C) 

(3) 

s ld approximate to the reciprocal solubility product of TiC in 

INCOLOY 800 H. If N~i and N~ represent the total mole fractions of titanium 
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the alloy of about 0.04 % to Cr16 . 
These results also indicate that 
INCOLOY 800 H can be approximated to 
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of formation: 

Several different values are availa e 
M23C6 and, as will be shown below, it is necessa 
selecting a value which corresponds reasonably well 
observations on INCOLOY 800 H. 

For the carbide Cr16 .4 Fe6 . 6C6, , et a1 24 ) 

expression (on the basis of 1 mole of carbi 

~Go ::: - 696 700 + 144.7 T joules 
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They contrasted this value with those 
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term ~c can be divided up into a bution due 

carbon in pure Fe austenite Y' ~ , a bution due 

ni in the austenite f ~i and a contribution to 

chrom; um in the austenite t ~r . Thus 

V' "" C f Ni .J' er ln I C == ln , C + ln C + ln ~ C 

relevant interaction parameters have been determined in the 

ion 

ra - 1060 oe by Natesan and Kassner28 ) for chromium and nickel 

( 

re 

from 0 to 22 % and 0 to 16 % respectively, and in the temperature range 850 -
1150 °c by $chürmann, Harre and Rimkus 29 ) for chromium and nickel 

from 0 to 9 % and 0 to 35 % respectively. For the basic % Ni - % 
Cr composition the data presented in these papers gives ( 

Natesan, al : 
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ln :::: O. :::: 2,7 (2 ) 

It can reasonably as t ::: 1. 0, so sions ( 1 
(16) reduce to 

ln K 22.8 + 4.1 - 1 
( a) S(Cr23C6) 

. 

and 

ln KS(M C) 15.8 + 4.1 - 1 
b) :::: , 

23 6 

Inserting in these energy values in uations (7) - ( ) we in 
for 950 °C: 
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2 ) 8.3 x a1. ) 

) 
=:: 1.7 x 1031 son) 

::: 2.4 x rni, a1.) . 



1.1 x :: O. · % ( 

7.2 x 10-3 
::: O. . % ( e 

2.5 x 10-3 
:: 0.053 · % ( c son, 

0.9 x 10-3 
:: 0.020 · % ( c 

5.0 x 10-3 
:: 0.11 wt. % ( rni, 

1.9 x 10-3 0.042 wt. % ( 
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e 1: Summa of experimental ----

Programme 

A 

B 

c 

D 

E 

Top; c 

Thermal stability of hi 
alloys 

The effect of carburi on on room 
temperature tensile properties 
high temperature al10ys 

Room temperature tensile properties 
of high temperature alloys 
stressed exposure in impure helium 

Relationship between 
carburisation and room 
ductility of high re all 

The influence of niobium additions 
on the mechanical properties 
carrosion behaviour of INCONEL H 

7 

u. e 

G. 10 

P. J. is 

G. C. 

1. 1 

1 9 



e 2: ils 

* 1 
t s 

*" 

1 ovs, 2 

terials 

1 

z 
z 

321 

t 

in solutlOn 
lf~ rer's analysis 

:j: 

mm 0 
80x15 mm 

r 
15 

9 mm 0 

pla 

12 mm 0 

mm 

Inco 
ition 

Cr Ni 

19.6 .3 
.9 

21.1 .8 

. 7 

.8 32.8 

.0 33.0 

20.8 32.9 

(,L-.~~~~~1 ('~~~~~~+~~~ 1 ... +. %) ** 

Fe C Si Mo Ti Al Co W 

bal 0.078 0.35 O. O. 0.32 -
bal 0.11 0.56 O. O. 0.24 -
bal 0.058 O. O . 
bal O. O. o l- I-
bal 0.050 0.33 O. O. 0.28 -

bal O. 0. 29 1- I -
1 0.053 O. 0.37 O. -
1 0.051 0.05 0.49 - .05 (0.051- l-

0.1510.075.-
1.43 0.08 .-

9.1 .-

9.3·-

1.06112.5. -
0.82 12.4·-

19.°\°.0641°.4010. 19.01- 1- 11. 
18.7 0.11 0.4110.50 8.7'-

.51 ba 1 .- 0.05310.1 .- .3,-

, Bi , GB; tion 

P S N 

O. O. 
O. O. 

l- I- 1- 10. 

l- I- 1- 11. 

I- l- I- 11. 

o. 



e 3: Average impurity levels in ium u in ----
(ZEMAK IV, commissioning ) 

Impuri ty Pressure (/ubar) 

H20 
"" 1 

H2 ca. 1800 
CO2 ca. 120 
CH4 ca. 100 
CO ca. 70 



I 

I 1 

s 1 e 

s na e 

h 

-'-

a 1 k ca 

ans usinq 7 mm 

h 

" 

h 

h 

on at 

anal 

. % 

0.11 

0.11 

O. 

O. 

O. 

O. 

0.11 

0.11 

O. 

imens) 

lk i 1 e t resul 

0.2 % Elongation 
) (%) (%) 

3 

164 39 

417 3.2 

6 

311 

1.6 

51 

I 2.6 1.4 



e 5: E1 probe microana is of carbu I 6 
---

and HASTELLOY X 
(specimens carburised 300 hand h t 

Anal on ( %) 

Al10y Phase Cr Mo C 

INCONEL 617 Carbide I 65 14 6.2 

Carbide Ir 9.5 32 1.9 

Matri x 19 5.0 -

HASTELLOY X Carbide I 65 14 7.5 
Carbide II 9.5 31 4.6 
r~a tri x 18 6.2 -

rbide land 11 tentatively identifi as res ively 
(see ). 
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M23 C6 ".. 

Near surface Approx. 1 mm from surface 

Figure 3 

Carbide structures in INCOLOY 800H 
after 300 hours carburisation and 

700 hours homogenisation at 950°C 

M23 C6 



Near surface 

Figure 4 
Carbide structures in INCONEL 617 

after 300 hours carburisation and 

700 hours homogenisation at 950°C 

---
M23 C6 

Approx. 1 mm from surface 

M23 C6 M6C 

Near centre 



Near surface 

Figure 5 

Carbide structures in HASTELLOY X 

after 300 hours carburisation and 

700 hours homogenisation at 950°C 

primary 
carbide 

M23 C6 -

M6C 

Approx. 1 mm fr am surface 

M6C M23 C6 

Near centre 
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