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An approach t o  sel ect ing stainless matert a1 s f o r  b4opracess equS pment under 
defined condit ions is presented. Using defined process conditf ons, the  wide 
var ie ty  of s t a i n l e s s  materials  available can be reduced t o  a r e l a t i ve ly  few 
l i k e l y  t o  be cos t  e f fec t ive .  Product form ava i l ab i l i t y ,  ease o f  fabr ica t ion  and 
technical support become important factors i n  devef oping a ftnal materi a1 
se lect ion.  Some suggestions regarding material specif icat fons  a r e  offered. 

Using t h e  engineering approach presented, a special t y  high nickel s taf  nl ess 
a1 Joy, UNS N08367, i s  shown t o  be worthy o f  consideration i n  the construction of  
bioprocess equipment . The mnteri a1 , designated as AL-6XN@ A l l  ~ y ,  contains 25% 
nickel, 21% chromium and 6% molybdenum along with a small alloylng addit ion o f  
nitrogen. The a7 1 oy i s  characterized by excel 1 ent general corrosion r e s i  stance, 
exceptional' p i t t i n g  and crevice corrosion. resistance, and v i r tua l  immunity t o  
chloride s t r e s s  corrosi  an cracki ng . 

Wide acceptance o f  t h i s  material i n  the  Power Generation, Chemical Process 
and Pulp % Paper indus t r i es  has made the alloy readily avai lable  in a13 majar 
product ferns .  Fabrication o f  components i s  accompl ished usSng the same general 
methods appropriate for t h e  common Type 304L and 3161 s t a i n l e s s  alloys. Standard 
fittings, valves and pump components are al so available. 

INTRODUCTION 

Due t o  improved technology and an Increasing demand far more highly 
corrosion resf s tan t  materials ,  extensive research 1 ed t o  an explosion o f  new 
materf als over t he  past  f i f t e e n  years. S ta in less  a l l a y  se lect ion was never an 
easy task ,  bu t  more aggressive env i ronments, more demanding equipment performance 
and a 1 ong 1 ist  of candidate materlal s has  compl icated t h e  task even fu r ther .  

Much o f  t he  alloy development e f f o r t  was intended t o  a t  l e a s t  match t h e  
general corrosion res i s tance  o f  a Type 304 s t a in l e s s ,  while s ign l f  icantly 
improving the  1 ocal ired torrosi on resistance i n  ha7 ogenated environments. 
Halogens, pa r t i  cul ar7 y chl orides, are  detrimental t o  the  performance o f  basic 
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s ta in less  alloys, resultfng 4n some fom o f  pitttng, crev-lce er stress assisted 
corrosion. Highly alloyed nickel base alloys have been i n  existence for a' number 
of years and have prcvvided an alternative t o  stafnless materials. For many 
applications, however, these materials are too costly t o  provide an ove~a l l  
economic advantage, despite their high 1 eve1 o f  effectiveness. 

Recent alloy development efforts have focused an two basic alloy systems. 
The f i r s t  area inrol ves duplex s ta in l  ess steel s, which contafn both austenl t e  and 
f e r r i t e  i n  roughly 50-50% concentrations. These alloys exhi b i t  good resistance 
t a  both pi t t ing and stress cracking mechanisms, The second area i s  the use 
superaustenitlc stainless alloys containing hlgh level s of molybd~num. These 
materials o f f e r  even greater resistance t o  chloride pi t t ing and crevice attack, 
as well as excellent reslstancs t o  stress corrosion cracking (SCC) , 

Carpenter Techno1 ogy Corporatl on s f  mpl i f f  ed the selectf on o f  staI n l  ess 
a1 toys i n  the early 1960's when they introduced the Selec ta lap  method. This 
approach was based primarily on matchjng a partjcular application w i t h  a 
s ta f  n l  ess at 1 oy's general corrosion resistance and strength a This method i s  
s t i l l  useful i n  many situations, particularly when machinabil l t y  is a1 so a major 
considerat ion, Howev~r, t h i s  method does not consider 1 ocal ised corrosion 
resistance which is a factor In many o f  today's mare severe envjronments. 

Corros i on resi stance, both general and 1 ocal i zed, i s the predomf nant reason 
for cons f deri ng s t a l  nt ess a1 l oys . The sel ectf on process, however, can not be 
restricted t o  only considering t h i s  factor. Other crlleria must also be 
evaluated Includfng fabrlcability [machInSng, forming, joining) and product form 
avai 1 abi 1 f ty . Hechan i cal properties and materi a1 avai 1 abi 1 i t y  (det Z very ti me) 
become factors once the f i e ld  of potentjal -candidates has been narrowed. A 
closer look a t  these individual areas i s  warranted, 

General Corrosf on. Slnce corros.ion i s  the primary reason for considering a 
specialty alloy, t h l s  is the most logical  place t o  start the selection process. 
An approach such as the Sel ectaloy method can be empl ayed t o  identify the general 
el ass o f  nnateri a1 and amaunt of a1 l oyi ng requl red, Most 1 aboiatory corrosi on 
testjng is performed to  develop general corr~sf on resistance data. Much o f  thf s 
data  i s  publ.fshed fn either standard reference books or the manufacturer's 
technical 1 i terature. 

Local ized Corrosion. Local ized corrosion Sn stainl ess alloys is most often 
caused by halogen tons (i ,e, chlorides) and appears as el  ther pftting, crevice 
corrosion o r  SCC. Data on t h i s  type o f  c a r r ~ s i a n  i s  not as readily available as 
fo r  general corrosion, and i s subject t o  interpretat-ion. Local i ~ e d  corrosion 
t e s t  da ta  are prone t o  variation i n  results.  Additdonally, a wide variety o f  
tests have been employed t o  evaluate pit t ing and crevice corrosfon resistance. 
These tests are useful i n  comparing materials, but normally do not directly 
re1 ate t o  actual performance f n  real service, The results can be affected 
dramatically by minor changes i n  temperature, pH, crevice geometry and the type 
and concentration of cerradent. Comparison of alloys must be made using data  
generated under identical t es t  condi tf ons, preferably tested side by side, 
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The difficulty i n  interpreting and corm1 ating 1 aboratary data to actual 
service underscores the v a l  ue of  i n-situ testing. Test racks containing various 
candidate materials can often be placed in a unit under actual servlce 
conditions. Thfs can be extremely useful for highly complex service 
environments. In-ritu testing o f  coupons, follawed by a small scale versfon o f  
a process can be worthwhile steps in selecting a material if  allowed by t ime 
constraints and justifled by the potential risk and size of the final process 
system. 

Fabricabil i t v .  For process equipment, the most sf gnlflcant factor  i n  terms o f  
fabricatian is weldabil ity. Forming characterjstics and machinabil t ty  must also 
be factored into overall design and cost considerations, but are not normally 
limiting constraints. It 5s desirable for the material to be weldable using 
standard stainless welding techniques. Thi sb a l s o  means that a suitable welding 
consumable has been identified. Properties of the weld j o f  nt, both mechanical 
and corrosion resistant, must closely approximate those of the base metal , For 
most process equipment these properties are required i n  the as-we1 ded condition 
since post weld heat treatment i s  usually not practical. 

Product Form Avai 1 abi l i t v ,  Process equipment components -- vessel s, piping, heat 
exchangers, val yes, pumps, screens, etc.,  require nearly a1 1 wrought product 
farms. An a1 loy should be capable of being produced in a1 1 of the forms, from 
heavy plate to large bar to fine wire, !f it t s  to be considered a truly useful 
engineering material . The metallurgy o f  some alloy systems 1 imi ts the ability 
to produce all the required forms and s i re s .  Select-lng a material without 
considering this issue can mean, st a minimum, qualifying an additional alloy. 

Mechanical Properties. In real i ty, mechanical properties are not a significant 
cansi derati on for most process equipment operating be1 ow 600' F. The 1 argest 
impact is usually related to decreasing the weight o f  the materlal required by 
taking advantage of reduced section thicknesses from stronger material s. Whi 1 e 
this can lower raw materla'l costs, the impact on f in ished components i s  small. 
In some alloy systems, toughness must be taken into consideration. Some 
materi a1 s can exhibit ductile to bri ttl e transition temperature effects at room 
temperature. Other a1 1 oy systems can undergo phase transformations which can 
cause a loss o f  toughness at temperatures as low as 500' F. 

flaterial Avail abil itv. Material avall abil i t y  refers to the lead time required 
for de7 ivery o f  a partf cul ar product f o m  and the minimum quantity that must be 
bought. These are important considerations at the design stage even though at 
this early stage, long lead tfmes can usually be accomedated, I t  i s  a more 
important considerati on for 1 ong term operation a f  equipment where smalll er 
components might need rep1 acement on short notice. Spec1 f icati on coverage i s 
a1 so an important aspect of materi a1 avai 1 abi 1 i t y  . Yari ous standards 
organizations ex is t  which provide speci ficatS ons detail i ng material requirements 
judged to cover the needs a f  the majority of end users, These specifications 
should be used as base ordering documents and modified only when additional 
requirements can be economical ly justified, Most material s which are available 
as stock i terns are 1 nventoried to these specifications . Increasing requirements 
on a basic material speciffcation will not only increase cost, but also decrease 
availability. 



Cost .  At1 of the previous factors most be taken into consideration before the 
cost o f  a system can be developed. Once the other selection criteria are 
satisfied, this factor controls the f ina1 selection, The selection process 
really involves successive iterations of the above steps with each o f  the 
potent i a1 candidate rnateri a1 s. Cost is not  the overrfding factor. Selecting the 
lowest cost material a t  the sacrifice of missing a market opportunity by three 
months due ta avaf labl l i ty ,  design changes during fabrication or fabrication 
problems is not a cost effective choice. Total design life cycle cost should 
also be carefully considered. Clearly, the actual alloy chosen will impact the 
service 1 ife of the unit. The other factors discussed above also have an impact 
on initial costs, operating costs, or both, as shown in the f~gu're belaw. 
Haintenance costs, 1 ost productivity and product qua1 i ty o f t e n  become much more 
significant costs over long term operation than the initial equjpment costs 
a1 one. 
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FIGURE 1 - DESIGN LIFE CYCLE COST FACTORS 

APPLICATION OF METHOD 

The evaluation o f  one candidate ALLOY SELECTION GUIDE 1 
al loy  f a r  the  construction of a 
bf oprocess equipment system will be 
made using the  followi ng process 
design considerations. The materi a1 
must be biocompatible. This  generally 
rules out materials containing high 
levels of copper as alloy additions 
since free copper can act as a poison. 
The pH during processing will be 
neutral. Chloride concentrations i n  
the media are expected to be as high 
as 10,000 ppm. During cleaning 
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operations, bath inorganic acfd and 
caustic exposure are anticipated. FIGURE 2 

Temperatures during the process cycle 
are not planned to exceed 120' F. During cleaning, temperatures may exceed 250' 
F w i t h  pressures only sl ightly over atmospheric. 



These general conditions, and current experience indicate t h a t  type 316L 
stainless steel be consjdered a base al loy from the  standpoint of; general 
corrosion resistance. The presence o f  chloride ions i n  concert with elevated 
temperature exposure indicate the need t o  consider materials w i t h  added 
resistance t o  chloride p i t t i n g  , crevice corrosion and SCC. Examination o f  Figure 
2 can help focus attention on the types of alloys t o  be consjdered. 

AL-6XN A1 1 oy (UdS NO83671 f s a superausteni t i  c s ta i  n't ess a1 1 oy w i t h  general 
corrosion resistance and rest stance t o  ha1 ogens exceeding that  o f  type 316L. 
Same general corrosion data ;far t h j s  alloy is shown f n Table 1. The materf a1 
shows excellent resistance t o  both strong acSd and base solutions, The 2205 
Alloy I s  a duplex staf nless steel. 

Envi  ronment AL-GXM 

10% H,SO, 
Boiling 

TABLE I - GENERAL CORROSION RESISTANCE (MPY) 

Resistance t o  various types o f  lacalited corrosion i s  i l lustrated i n  Table 
2. Both the pitting and crevice corrosion data fo r  AL-6XN Alloy reveal 
outstanding levels of resistance t o  these forms o f  at tack compared t o  non- 
standard austeni t i c  s tainl  ess a1 lays,  The Crf t ica l  Pitting Temperature (CPT) i s  
the lowest temperature a t  which pit t ing begins t o  occur i n  the  test  media. The 
Critical Crevice Corrosion Temperature (CCCT) i s  the 1 owest temperature a t  which 
crevice corrosion will occur i n  the  test media. Crevice conditions accel erate 
corrosion attack. While the duplex alloy can provide a high degree of 
resistance, the margin o f  safety offered by the AL-6XN Alloy is signi f icant .  

Environment 

CPT ' 
CCCT 

25% NaCl 
Boiling 
U-Bends 

Cracked 
24-72 Hrs. 

No Cracks 
1000 Hrs. 

No Cracks 
1080 Hrs. 

a - 6% FeCls per ASTM G48A. 24 Hour periods. 2.5' C Intervals. 
b - 6% FeC1, per ASTH G48B Modified. 24 Hour periods. 2.5" C Intervals. 

TABLE 2 ' LOCALIZED CORROSlON RESISTANCE 
The formabil i t y  o f  AL-6XN Alloy I s  comparable t o  common austenltic stainl ess 

steels, such as  3161, exhib i t ing good ducti l i ty.  Since the mater ia l  i s  alloyed 
with nitrogen, t he  yield strength i s  greater than 316L and forming operations 



w i l l  require more power. The machining o f  austenitie s t a in l e s s  s t e e l s  requires 
slower speeds than those used f o r  low al loy s t ee l s .  Because of the r e l a t fve ly  
high nickel content o f  AL-6XN Alloy, machining parameters approximate those of 
nickel base alloys.  Surface f-lnishes s imilar  t o  those for 316L a re  obtaf ned, 
E l  ectropol i shing of AL-6XN A1 1 oy components has a1 so been accompl ished using the  
same e lec t ro ly tes  used f o r  316L, a1 though modi f l e d  parameters and current 
densities may be necessary. 'Mast fabrication i s  accampl ished by welding. AL-6XN 
A1 loy has been welded using the standard stajnless s t ee l  techniques, incl  udlng 
GTAW, GMAW, SMAW and SAW. The f i 11 e r  metal used must be over a1 1 oyed re1 ati  ve 
t o  the base metal. Alloy 625 f i l l e r s  (E/ER NiCrMo-3) a re  normally employed. 
Autogenous welds must be annealed prior t o  placement t n service. 

AL-6XN Alloy is available In a l l  product forms, The addition o f  nitrogen 
to the  a l loy  content makes the production of  th ick  s e c t i ~ n s  possjble. Forgings 
with thicknesses up to 6" have been successfully produced. Fine wire and sheet 
products, as  well as heavy pla te  are pract ical  product forms. 

The n l  trogen strengthening of the AL-6XN A1 loy does o f f e r  a sl ight advantage 
i n  terms ASME of allowable design stresses. While strength i s  not a par t icu la r  
concern i n  this application,  some minor weight savings could be obtained by 
util  f zing sl igh t ly  1 lghter sectf on thicknesses. Design a1 lowable s t r e s s  values 
established by the ASME f o r  the construction of pressure vesse ls  i n  accordance 
with the ru les  o f  Section VIII, Divis ion, l  are presented i n  Table 3. The impact 
toughness of the AL-6XN Alloy is good even a t  sub-zero temperatures where duplex 
a1 loys lose  toughness. A1 so, u n l  1 ke the duplex type al loys ,  the usefulness o f  
the material can extend above the  600" F range, 

Temperature 

,NP - Not  permitted due t o  885" F embri ttlement. 

TABLE 3 - ASME DESIGN ALLOWABLE STRESS VALUES (KSI) 

Because of the wide acceptance o f  AL-6XN Alloy I n other  industr ies ,  
avai labi l  ity o f  the a1 loy i n  a wide range of product forms is excel l en t .  Pl ate 
and sheet products are inventoried i n  standard thicknesses ranglng from 22 gauge 
t o  2.5". Heat exchanger tubing inventorfes a r e  maintained as well as a f u l l  
complement o f  pipe and welding f i t t i n g s .  Sol Sd bar,  hollow bar and b i l l e t  items 
ranging from 1/8" through 8" are  a lso on-hand. A leading manufacturer of 
san i ta ry  tubing f i t t i n g s  'and systems has at so Incorporated AL-6XN Alloy 
components as part  o f  thei r  product line. All o f  these products are produced i n  
accordance wi t h  standard ASTM/ASME speci f .i cation coverage. The USDA and FDA have 
both approved AL-6XN Alloy f o r  use i n  food contact a r t i c l e s .  



The c o s t  o f  corrosion resistant a1 1 oys general 1y coincides w i t h  t h e i r  
increasing corrosion resistance. Alloy content is the major and most obvious 
reason for t h i s  correlation. Specialized manufacturing practices can also 
increase costs. The re1 at i ve costs for several materi a1 s i s represented in Tab1 e 
4. These ratios are engineerfng approximations only, since they can vary 
considerably depending on market conditions and do vary w i t h  product form. 

Material 

TABLE 4 - RELATIVE BASE MATERIAL COSTS 

The a1 loy selection process should begin by defining the expected operating 
conditions along w i th  other practical engf neeri ng and comerci a1 considerat3 ons . 
Designers should seek the assistance o f  the basic material suppl ier i n  making 
a'l-loy selections, For appl icat ions involving halogen ions, careful evaluation 
o f  1 ocal ized corrosion test data i s  required. The flnal material sel ectton 
decision must take i n t o  consideration not  only the general and local ized 
corrosion resistance o f  the material, but also the fabricability, ava i l ab i l i t y  
and total design l i f e  cycle c o s t s .  
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