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ABS TRACT 

The deterioration of heat resis- 
tant alloys is often due to absorption 
of carbon in carbonaceous environments. 
Rapid heating or cooling may contribute 
to the effects of carburization. These 
effects are d i f f i c u l t  to assess from 
coupon exposure alone or from labora- 
t o ry  tests, The approach of this paper 
i s  to evaluate damage in service f r o m  
composite fixtures, those containing 
a number of heat resistant alloys as 
individual components of the same f ix-  
ture. Bar frame baskets and retaining 
fixtures used in atmospheres containing 
carbon provide comparative f i e l d  data 
on the amount of carburization. me 
use of bar baskets in quenching service 
also provides comparative f i e l d  data 

, on fatigue damage. nine austeni tic 
PQ-Cr-Ni alloys varying in nickel  from 
1 1 to 61 permnt have been examined 
after 15 months service i n  a bar frame 
basket. Carburization, thermal fatigue , 
and selective oxidation of carbides 
contribute to deterioration, Carburi- 
zation in this service is compared to a 

laboratory test conducted i n  a commer- 
cial compound of "activated" coke. 
Thermal fatigue , evident as intergrah- 
ular micro voids, is conspicuous in 
several alloys.  mnsiLe t e s t s  of 
damaged material is compared to the 
original material as a measure of the 
severity of fatigue damage. 

The m s t  common materials used for 
heat resistance above 1400°F (760°C)  
are austenitic alloys containf ng i ron ,  
chromium, and nickel as major elements. 
These include T304 (UNS Mo. S30400) at: 
the l o w  range of nickel  and Inconel 600 
(UNS No. NO66001 at the high range. 
They usually contain chromium from 17 
to 27 percent and a r e  commonly modified 
to improve their resistance to carbur- 
i z a t i on  and oxidation, Solution 
strengthened grades are available for 
high tempramre strength. 

The use of heat resistant materi- 
:als is of ten l imited by absorption and 
,diffusion of carbon? in fact, this is 
the most common source of unexpected 
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failure judging from documented failure 
irrves tigations over a period of twenty- 
f i ve  years. Damaqe from the effects 
of rapid heating and cooling over an 
extended number of thermal cycles is a 
second common source o f  failure. This 
damage is often aggravated by carburi- 
zation. fie interacting effect of both 
in welded structures is d i f f i c u l t  to 
predict from laboratory data alone. 

FIELD EVALUATION OF COMPOSITE FIXTURES 

Ideally service data reflect the 
combination of hot corrosion, mechani- 
cal loading, and thermal c y c l i n g  that 
corrosion t e s t  racks cannot simulate. 
To be most useful this approach should 
not k l i m i t e d  to one test site and may 
be supplemented w i t h  coupon exposure 
in the f i e l d  in addit ion to laboratory 
t e s t s  . 

This approach has been used for 
t w o  and a half years involvinq a w i d e  
range of iron-chr omium-nickel heat re- 
s i s t a n t  a l loys .  Bar frame baskets and 
retaining fixtures subjected to carbur- 
izing and quenching for extended expo- 
sure, provide the service data to be 
presented in this paper. A bar flrame 
basket  removed after 15 months in heat 
treating service is shown in Figure 1 .  
The basket is constructed from l/2 inch 
(13 rnm) diameter bar and requires a 
large number of  welds. Seven commer- 
cial .  and two developmental heat resfs-  
tant alloys were used as individual 
components of the bax basket. The 
advantage of exposing nine materials 
in one basket is that service variables 
are reduced from one component to 
another. 

MATERIALS AND PROCEDURE 

The alloys included in 15 month 
service are l i s ted  in Table 1 w i t h  the 
nominal  eomposi tion, These materials 
vary Fn n i c k e l  f r o m  11 tn 61 prcent. 
Elements added to enhance hot corrosion 
cr strenqth are indicated in Table 1. 

Service conditions include rapid 
thermal cycling in carbonaceous atmos - 
phe res used for carburizinq, carboni- 
t r i d i n q  and neutral hardening, These 
atmospheres are provided f r o m  a base 
of endothermic gas containing 40 per- 
cent nitrogen, 40 percent hydrogen, 

20 wrcent carbon monoxide. This base 
is enriched w i t h  natural gas and 
ammonia depending on the specific 
application. Service temperature 
varied from 1550 to 1700°F ( 8 4 0  ta 
9309c). The baskets were oi l  quenched 
from 1550°F ( 8 4 0 ° C ) .  

F u l l  cross sections of each a l loy  
bar in the composite kar basket  were 
prepared for metallographic examination. 
These are examined and photoqraphed at 
reduced magnification to reveal the 
depth and uniformity of carburization. 
Surface cracking and i n t e r n a l  damage 
are also evident  f ram photomacroqraphs 
( ~ i g u r e s  2 throuqh 61. 

The depth o f  carburization w a s  
measured by metallographic observation, 
using the image o f  the carburized l aye r  
on the focusing plate of a metallograph. 
This may be measured at different mag- 
n i f i c a t i o n s  depending on the depth of 
carburization. Most data were based on 
observation at  100 or 20- magnifica- 
t i o n .  D i f f e r e n t  maqnifications Tor the 
saw sample are useful for verifying 
case depth measurement. The amount of 
carbon absorbed a t  the surface, and the 
v a r i a t i o n  of carban with distance from 
the surface have b?en determined by 
chemical analysis  f machined layers. 
C h e m i c a l  a n a l y s i s  of these layers also 
indicates the approximate depth of car- 
burizatioe. In addi t ion  to measuring 
the depth of carburization, the same 
me tallographic cross sections are exam- 
ined to determine the effect of carbur- 
izat ion on surface integri ty .  

Metallographic cross sec t ions  also 
ind ica te  that severe internal damage 
occurred i n  several alloys. To some 
extent this damage was observed in all 
of  t b  components of the bar basket. 
T h i s  is evident as g r a i n  hundary micro 
voids near the center of the  bar, The 
presence of grain boundary voids would 
be expected to reduce the mechanical 
properties + Theref ore, room tempera- 
ture t e n s i l e  data w e r e  obtained for each 
a l l a y  in the damaged cond i t i on .  Tknsile 
t e s t s  of the same lots of each a l loy  
were performed i n  the unexposed condi-  
t ion .  The ra t io  of exposed to unexposed 
t e n s i l e  properties provides a quantita- 
t ive expression for fatigue damage, I n  
these tests the gauge diameter of  -250 
inches ( 6 . 4  mm) was sufficient to remove 



the carburized layer from the gauge 
portion of the t e n s i l e  specimen. 

Grain s i z e  determinations of each 
a l loy  in the oriqinal cond i t i on  w e r e  
perf orrned using a circular intercept 
method described in ASTM E 112-80. The 
95% confidence limits may be determined 
using the circular intercept method. 
This was typical ly  2 .3 of an ASTM 
grain size number, i . e .  AsTM 7 . 2  2 .3. 

Laboratory carburi z a t i o n  t e s  ts 
have been used to evaluate heat reais -  
tant alloys. These are typical ly  
performed at 1800°F (980°C) for 15 days. 
The test: has been used over a period of 
four years for a variety of materials, 
including materials exposed in the test 
si te  of th i s  paper. The laboratory test 
is based on heating carburization test 
bars in a box containin a commercial 
carburi z ing material . ( 7 The specimens 
are given a uniform surface treatment 
by centerless grinding to a common 
diameter of .450 inches ( 1 1 mm) . Eval- 
uat ion  is based on carbon analysis of 
machined layers, and measurement of 
carbon penetration. An advantage of 
using specimens having a cross section 
of this approximate size, is that one 
may determine the carbon gradient and 
case depth. Carburization tes ting of 
t h i n  coupons, lees than 3/16 inches 
thick (4.7 mm) , at this temperature 
and t i m e  will result in complete pene- 
t r a t i o n  of the cross section. The use 
of specimens that carburize through 
the cross section may simulate service 
conditions for sheet, however it does 
not  apply equally w e l l  for heavier 
p la t e  or bar. 

RESULTS OF FIELD EXPOSURE-CARBUFtImTIm 

Metalloqraphic cross sections of 
a l l  nine alloys reveal the depth and 
uniformity of carburization. In general 
the depth of carburization decreases 
in order o f  increasing n icke l  content. 
F i v e  alloys are shown in the photomacro- 
graphs o f  Figures 2 through 6 as an 
i l lu s  txation of iron base, iron-nickel, 
and n i c k e l  alloys. Of these five, 
RA 253MA (UNS ~ 3 0 8 1 5 )  has the lowest 
n icke l  content. It is shown in Fig- 
ure 2 at a magnification of 5x. mis 

a l loy  carburizes quite uniformly to a 
depth of 90 mils I2300flm). Carburi- 
zation of this al loy is shown in the 
macrograph as a grey area extending in 
from the surface of the 1/2 inch (13 m) 
round bar. The presence of  a crack ex- 
tendf ng to the depth of the case serves 
as an indicator of case depth in this 
macrograph. Incoloy 800 (UNS N088001 
is shown in a similar crass section in 
Figure 3. Carburization of this 31Ni- 
19Cr alloy is non-uniform showing t w o  
marked carburized areas in the same 
quadrant of the cxoss section as the 
deep surface crack. Tke surface crack 
is carburized around the root of the 
crack, indicated by white under oblique 
illumination. Maximum case depth is 
5 0 m i l s  t 1 3 0 0 7 )  at the area shown 
near the upper rf ght corner of Figure 3. 
An alloy containing 36Ni- 1 BCr-2Si-Bal. Fe 
( A l l o y  BSC) is shown in Figure 4. In 
spite of the addition of  silicon for 
carburization resistance, this a l l o y  
has carburized uniformly to a depth of  
7 0  m i l s  ( 1 8 O O p m ) ,  This  a l loy  was 
provided by the supplier in a uniformly 
medium coarse grain size, ASTM 3.6. 
Associated w i t h  fhe coarse grain size 
is a series of surface intergranular 
cracks around the periphery of the cross 
section and extending through the car- 
burized surface. Several of the deepest 
cracks have carburized severely on the 
crack surface and appear w h i t e  in the 
macrograph of Figure 4, These are 
convenient markers of case depth. 

RA 333 (N06333) containing 45 per- 
cent nickel with 1% si l icon for carbur- 
f zation resistance is shown in Figure 5. 
The carburied surface is relatively 
s h a l l o w  and nan-uniform at 20 mils 
( 5 00- 1 maxi mum depth . 

Inconel 6 01 ( NO6601 ) containing 
61 percent n i c k e l  w i t h  an addition of 
1 percent aluminum is shown in Ffgure 6. 
The carburized l ayer  is relatively 
shal low at 20 ~ l s  ( 5 0 0 p m )  and uni- 
form. Incbnel 601 was provided wf th 
a p a i n  size of ASTM 4.0, and as for 
a l l o y  BSC, has developd a series of 
intergranular surf ace cracks extending 
to the depth of the ease. 

The depth of carburization from 
me tallographi c measurement and the 
amount of carbon absorbed in eervfce 

(I Park Chemical Company 'NB Specialf are summarized in Table 2 for nine 



alloys. Iroh base a1 loys characterized 
by 2lCr-t IN$-1.7Si developed the 
deepest case and highest carbon content, 
90 mil depth ( 2 3 0 0 p m ) .  Alloys con- 
taining 31 to 35% Ni have case depths 
varying from 5 0  to 80 mils ( 1  300 to 
2 000~1111rn) . Tn these alloys the effect 
of s i l i con  is masked by grain size, 
Twa iron base alloys in Table 2 display 
significant difference in resistance to 
carburi zat ion as measured by surf ace 
carbon, RA 85B has absorbed less than 
two thirds the amunt a£ S30815. This 
is due largely to s i l i c o n ,  although 
f h e r  grain size may also contribute. 
Three alloys containing 45 to 61 pz rcen t  
n i c k e l  hqve case depths ahout one thixd 
that of 35 Ni alloys. 

RANKING OF CARBURIZATION RESISTANCE 
TN LABORATORY PACK CARBURIZING TESTS 

The choice of the most realistic 
laboratory carburization test is one in 
which there may be considerable dis- 
agreement. Pack carburi zing tests have 
been used for many years and are con- 
sidered here as a useful screening test. 
In terms of surface carbon and case 
depth, pack carburizing at 18Q0°F 
1980°C) is more severe than field expo- 
sure in this t e s t  site. 

A pack carburizf ng t e s t  in which 
ten commercial al loys were included in 
the same box indicates that carburiza- 
t i o n  resistance increases with n i c k e l  
content from 53 0400 to NO6601 . The 
carburieed case was found to vary from 
4 0  mils (1 000pnt) for NO6333 to greater 
than 225 mils ( 5 7 0 Q ~ m m )  for S30400. 
T h i s  general rela tionship is indicated 
in F i g u r e  7. Considering the lack of 
precision in identifying the boundary 
of carburized material for Fe-Cr-Ni 
austeni tic allloys , the agreement shown 
in Figure 7 is reasonable. These data 
are in agreement w i t h  data for cast 
Fe-Cr-Ni alloys of varying nickel  con- 
tent.' In t w o  pa r t i cu l a r  test sites 
containing the alloys of Table 1, lab- 
oratory pack carburizing t e s t s  agree 
w i t h  service data. The relationship 
o f  laboratory data to f i e l d  data is 
i l lustrated in Figure 8 ,  using 15 month 
service data (TabLe 2 )  against 15 day 
pack carburizing data. It seems l i k e l y  
tha t  no laboratory evaluation based on 
unstressed bars ox coupons will ref Lect 
grain size differences among materials . 

Thus alloys BSC and N08800 having large 
grain size variation, and different  
service case depth are identical in 
laboratory testing. This is also 
evident upon observing the clustering 
of data for 35 percent nickel alloys 
in ~igure 7 (pack carburizlngl and 
separation of data points for the same 
al loys in Figure 8 (service carburizing). 

RESULTS OF F I E L D  EXPOSURE 
I NTERMAL FATIGUE 

Internal damage to various alloys 
may be observed f r o m  polished cross 
sections at reduced mawif icatfon,  In 
Figure 4 of BSC (36Ni-18Cr-2Si-BaL .W 
t h i s  internal damage is evident as 
w h i t e  - irregular markings in the e n -  
traL area of the transverse section of 
the kar . A t  higher magnification these 
irregular markings are more obvious as 
intergranular voids. This is m o s t  
evident in Figure 4, however, it is 
severe enough to observe in several 
a l l o y  components at reduced magnif ica- 
t ion .  This is shown in Figures 2 
(S30315 )  and 6 (N06601). 

In ordex to rate nine al loys  more 
objectively, the e f f e c t  of intergranular 
micro v o i d s  on mec:%anical properties was 
determined. Ordin .ry tensi le  tes ts  at 
room temperature were  pexformed on the 
bars in the damaged condition. The 
worst  cases of internal damage were 
reflected in drastic loss of tensile 
strength, Alloy BSC retained a tensi le  
strength of only 27,300 psi  (188 MPa) 
compared to 84,200 p i  (580 MPa) in the 
unused condition. The ratio of used to 
unused tensile strength is -32. This 
ratio is an expression of the retention 
of mechanical properties and will be 
applied in comparisons to f o l l o w ,  A l l o y  
N 066 01 retains about two thirds ( -69 1 
of its tensi le  strength. T h i s  r a t io  
exceeded .9 for three alloys, all of 
which were placed in service w i t h  a fine 
grain size,  ASTM grain size number 7 or 
greater. 

Tensile d u c t i l i t y  was found to be 
even more &as tically reduced by thermaJ 
fatigue and has been summarized in 
Table 3 for nine materials having a 
range of grain size as shown. Austen- 
i tic alloys have characteristics 11 y 
high t e n s i l e  duct i l i ty  and for these 
al loys  the original tensile duc t i l i t y  



has been omitted for  brevity, !Ensile 
d u c t i l i t y  in the used condition varied 
from 0.7% for BSC to 60.2% for NB800. 
Expressed as the ratio of f i n a l  to 
o r i g i n a l ,  tensile d u c t i l i t y  ratios w e r e  
,01 for BSC to 1 .06  for Na8800. Both 
f i n a l  d u c t i l i t y ,  and the rat io of final 
to original d u c t i l i t y  are given in 
Table 3. 

A comparison of retent ion  of duc- 
t i l i t y  to o r i g i n a l  grain size suggests 
tha t  g r a i n  size is an important factor 
i n  degradation of properties by fatigue. 
This factor has k e n  recognized for 20 
years i n  the application of alloys for 
heat t rea t ing  service involving oil 
quenchinq. A l l o y  Ma8330 is provided 
w i t h  q r a i n  size of  ASTM number 5 or 
greater for t h i s  reason. Two low nickel  
alloys ( 1  1 and 14%) shown in Table 3 
retain Less d u c t i l i t y  than 35 percent 
n i c k e l  a l loys  o f  similar grain s h e .  
Considerinq the difference of thermal 
expansion for 11% and 35% nickel  alloys, 
it is not surprising t h a t  lower nickel 
alloys are more affected by fatigue 
damage . 

ROLE OF P E E P  AND FATIGUE 
IN HIGH TEMPERATURE SERVICE 

TNVDLVIMG RAPID HEATING OR COOLING 

 us ten1 tic alloys have highest 
creep properties when they are solution 
heat treat& to relatively coarse grain 
sizes such as ASTM grain size number 5 
or ~ e s s . 2  As an example NO8330 has 
values of 2000 ps i  (13.8 as 
annealed to a grain size o f  ASTM 7 and 
2800 psi ( 19.3 m a )  when annealed to - 

ASTM 5 ,  The viewpoint a£ this  paper 
is tha t  intergranular micro voids as 
i l lus trated ,  are the result of fatigue 
rather t han  creep. The stress involved 
in fatigue damage is differential 
thermal contraction between the surface 
and center of bar components during 
quenching. Tbe cfata in Table 3 indicate  
that f ine grain size is desirable to 
reduce damage. Since t h i s  is opposed to 
the direct f on fox bes t creep-s trength, 
it appears t h a t  damage occurs by fatigue 
rather t h a n  creep. It has been gener- 
ally observed that i n t e r n a l  damage 

( 2 )  stress to produce 1 %  creep in 
1 0,000 h at 160i1°F ( 8 7 0 ° C ) .  

increases w i t h  section size.3 This can- 
not be accounted for by a damage-process 
involving creep (as commonly measured in 
cons tant load - isothermal tes l s  ) , 
Further, f t was found that al loy com- 
ponents showing severe loss of tensile 
strength showed no unusual deformation 
in service. These components would 
presumably have markedly less creep 
resistance . 

EFFECT OF CARBWRI ZATION 

Photomacrographs in Figures 2 
through 6 and data i n  Table 2 provide 
means for measuring the extent of 
carburization without clarifying the 
effect on service l ife.  Carbon combines 
w i t h  chromium to form chromium carbide 
in Fe-Cr-Bi allqys . The presence of 
surface carbon as high as percent 
results in most a£ t h i s  as carbide, 
forming on grain boundaries and twin  
boundaries. This results in severe 
embri ttlement. Bending 1/2 inch ( 1 3 mm ) 
carburized bars through an angle o f  4 5 O  
resulted in deep surface cracking of 
BSC and N08330. A l l o y s  Incoloy DS 
( 35M-17Cr-2.4Si) and NO3800 were h n t  
90° w i t h  less severe cracking. Nickel-  
base alloys are the most ductile accept- 
ing 90° bends w i t h  only superficial 
cracking. A l l o y  S30815 containing 11 
percent nickel cracked m o s t  deeply when 
cold bent 1 Oo . 

In addition to loss of mechanical 
properties, carburization results in 
potential degradation by grain boundary 
oxidation. 'Phis selective oxidation 
along the interface of chromium carbides 
and the matrix is analogous to sensit i -  
zation of stainless  steels, The most 
obvious analogy is that of chromium 
deplet ion .  

It has h e n  shown that HK40 (26Cr- 
2 0Ni  becomes magnetic upon ca rburiza- 
t i o n .  Measurements of magnetic per- 
meability and chromium content i n  the 
matrix demonstrate that a large increase 
i n  permeability occurs when the matrix 
chromium is less than 15 percent. In 
the case of carburized m40, chromium 
cwnten4t in the matrix w a s  reduced to 
5 wrcent. Wrought heat resistant 
alloys, most notably NO8330 become 
strongly magnetic as a result of carbur- 
i za t ion .  mis sf mple test has h e n  used 
for field inspection for many years. 



Chromium deplet ion  along carbides exwsure for 15 months resulted in a 
is also sugges t e d  from me tal loqraphic nonmagnetic a l loy  becoming strongly 
examination in the present work, Grain magnetic. When this w a s  heated to 
boundaries and twin boundaries o f  sur- 1800°F (980°C) for 24 hours, the sample 
face grains are f i l l e d  w i t h  ox ide .  again became nonmagnetic. 
Subsurface grain boundary carbides are 
incompletely oxidized, w i t h  the carbides Machined layers, w e 1  1 below the 
typical ly  being out l ined  by oxide. This surf ace of carburized specimens, are 
zone may E>e abou t  25 mils I 6 5 O ~ )  magnetic for sensit ive  alloys such as 
deep, and terminates at unaffected NW330. 
carbides within the carburized layer. 

STRAIN INDUCED GRAIN COARS?2NLBG 
Seleative oxidation is shown in 

Figure 9 for al loy  N08330. This mechan- Unusual grain coarsening effects 
i s m  is closely l inked w i t h  the qrowth of may be noted in materials expsed to 
surface cracks i l lustrated for five rapid cooling or heating. In a number 
al loys  in Figures 2 through 6. Surface of instances involving dif ferent  test 
cracks are oxidized intergranular c r a c k s  sites and di f ferent  a l loys ,  coarse gra in  
that vary in depth with the depth of areas are evident, In the present 
carburization and that vary in frequency examination of N 088 00, g r a i n  coarsening 
with grain size. The allay of coarsest occurred near the root of  the deep sur- 
g r a i n  s i z e ,  BSC developed surface cracks face crack shown in Figure 3.   rain 
at most of the intersections a£ grain coarsening also was observed in the 
boundaries w i t h  the surface of the bar. center. Grain coarsening in both areas 
This  a l loy  has failed within s i x  months is shown in Figure 10. 
in a test site involving carbonitriding. 

Aus teni tic Pe-Cr-Pli a1 lo ys exhibit 
I t  has been observed t h a t  a wide s train-sens i t i v e  recrys tallization upon 

rangeof F e - C r - N i a l l o y s  including those c o l d w o r k i n g a t a & i e n t  temperature and 
in Table 1 become magnetic in highly reheating to 18009F (980°C) .  This 
carburizing conditions . However, it is effect is similar to that  shown in 
misleading to assume that alloys may Figure 10. 
a l w a y s  be inspected with a magnet ta 
assess carbuxirization regardless of the SUMMARY 
carburi sing conditions . The reasan fo r  
this is clear from the work of ~ e e s  et Carbuxization resistance of nine 
al . In investigating the const i tut ion Fe-Cr-Mi alloys eontaf ning nickel fxom 
of F e - C r - ~ i  alloys the authors identi- 11 to 61 percent has bean evaluated in 
f ied 66 alloys in s y ~ w r n  as magnetic field exposure at 1550° to 7700°F (840°c 
or nonmagnetic. When this proparty is to 93O0C1 for  15 manths. A l l  o f  the 
located on ternary coordinates, an alloys were provided as individual 
irregular boundary, .dividing magnetic components of a bar frame basket, used 
alloys is constructed. This bundary for a combination of carburizinq, 
is close to some allays ( 19Cr-35Ni and carbonitriding and neutral hardening, 
w e l l  separated from others ( 25Cr -20Ni  ) . f a l l o w e d  by o i l  quenching from 1550°F 
Chramium depletion from carburization ( 84O0C1. 
must be severe enough b produce a large 
change in chromium fn depleted areas of The depth of carburization varied 
25Cr-20Ni alloys.  In alloys such as from 90 m i l s  (2300~mm) for an 11 per- 
Ma833 0 the composition is so close to cent nickel alloy to 20 mils (580pnm) 
maqnetic alloys that any small change for two n i c k e l  base af loys. Four alloys 
I n snrf ace oon~pns i t i o n  w i l l  produce the containing a nominal n i c k e l  content  of 
s,~rnr t-ftrect as udrhut-izdtion.  This 3 4  percent and similar chromium, vary 
inc ludes  formation of chromium oxide on from 50 m i l s  (1300pm) .to 80 m i l s  
the surf ace of specf mens oxidized at (2000pm). The best af these four 
2 OOO°F ( 1 090°C) . alloys was provided to the f i n e s t  grain 

size, ASTM No, -10.8. Next in order of 
 if fusion of chromium into a decreasing resistance in th i s  qroup was 

depleted area has been observed for an alloy modified w i t h  2.4 p r c e n t  
carburized S3W15 t 2lCr-11 ~i). I n i t i a l  silicon, but with a grain size coarser 

3??f& 



by 3.5 g r a i n  size numbers. Ma clear 
effect of si l icon content in these four 
a l l o y s  is apparent. !Chis is attributed 
to grain size variation within  the group. 
The coarsest grain alloy contained 
numerous intergranular surf ace cracks 
in the case. The addition of s i l i c o n  
in l o w  n i c k e l  alloys ( 1 1 to 1 4 p e r c e n t )  
i s  benef ic ial ,  up to at  least  3 percent 
silicon in RA 85H. T h i s  a l loy  has sim- 
i lar carburizatfon resistance to much 
higher nickel al lpys ,  notably N08330. 

The author is grateful to the 
following organizations for c o o p  ration 
in the f i e l d  t e s t  proqram. 

State Heat Treat Grand Rapids, MI 
Eatan Manufacturing Saginaw, MI 
Atmosphere Furnaces Wixom, MI 
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Composition of  Alloys Exposed in Service, Weight Percent 

O t h e r  
Ce W Alloy 

UNS NO. or 
Trade Name 

Mo Co N 

Strength Hot Cawrosfon 

N M 8 0 0  
N08330 
Incolor DS 
BSC 



TABLE 2 

carburi zation of A 1  loys Exposed 1 5 Months 

Alloy 
UNS NO, or 
Trade Name 

O r i  gf nal  
Grain S i z e ,  
ASTM No. 

mpth of 
Carburization 
Mils @mm) 

Absorbed Carbon, 
% in .06 inch (1.5 nun) 

Surface Layer 

rJOS8013 
N # 3 3 Q  
Incoloy DS 
BSC 

*Duplica,te components were  included in the t3ar frame basket. 

Ratention o f  Tensile ~ u c t i l i t y  i n  Service 

A l l o y  
UUS No. or 
Trade Name 

'Pensile Duct i l i ty  
A f t e r  Service , 
% Reduction of 

Area 

R a t i o  , Original 
Grain Size, 

ASTM Grain Size No. 
Final Ductility 

Original Dueti l i  ty 

No8800 
N#330 
Incaloy DS 
BSC 



Figure 4 
A l l o y  B C  (18Cr-36Ni-2Si). 5x 

Grain Size ASTM 3.6 Figure I 
Composite fixture containinq nine  

a l l o y s .  In service 15 months. 

Figure 5 
A l l o y  NU6333 ( 2 5 C r - 4 6 ~ i - 1  si) . 5x 

Figure 2 
A l l o y  S3W15 [ 21Cr-1 l N i )  . 5x 

Figure 6 
A l l o y  N 066 01 ( 23Cr-61 ~i ) . 5x 

Figure 3 
A l l o y  NO8800 ( 2 0 3 - 3 7  ~ i )  . 5x 



Nickel Content, % 

Figure 7 -  ~ f f e t  of Nickel on Carburization 

Depth of Carburization in Laboratory, pmm 
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Figure 8- Service Data vs. Laboratory Data. 

~ i g u r e  9 
Surface o f  NO833 0 bar used i n  austernper- 
i n g  f ixture for 1 0 months. Intergranu-  
l a r  oxida t ion  at t h e  left occurs by 
selective ox ida t ion  of carbides. This 
process is shown at several stages go ing  
from the surface at the left to unoxi- 
dized carbides at the extreme r i gh t .  
Magnif icat ion - 7 00x 

Figure 10 
C r o s s  section of NO8800 shown in F i g .  3 .  
Grain coarsening occurs in an area 
extending outward f r o m  the tip of the 
crack and upvards approximately half the 
vertical direction of the f i e l d  of view. 
The exbeme center of the bar along the 
top edge is also gra in  coarsened in 
service, mgnif ication - 1 5x 


