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ABSTRACT

The corrosion resistance of the chromium-manganeseenickel austenw
itic stainless steels has been estavlished through a study of the availe
able literature and unpublished data obtained from producers and users of
these alloys. Several compositions are available as lisied below,

DESIGNATION COMPOSITION % |

L L - cx. i L
AISI 201  0.15 5.5/145 16.0/18.0 3.5/85 . 0.25
AIST 202 0,15 T45/10,0 17.0/19.0 1.0/640 | 0,25
oM 0415 13.0/18.0 1.0/17.0 1,0 0.25
Tenelon 0,10 1ha5 17 - T
TRC 0408 1645 15,0 min, 1.0 042
cuN 0u65 12 % - 0.5
20k 0,08 7+5/1040 17,0/19.0 1.0/6,0 0s25

The AISI Typs 201 and 202 alloys have been listed by the Anerican Iren
and Steel Imstitute.

The development and spplication of these alloys was necessary bee
eause of the increasing shortage of nlekel and the wide use of the chrome
fwe-nickel sustenitic stainless steels, The chromium-nickel steels are
used in a wids variety of consumer items and are mecessary for defense
equimment, In times of national emerzency the government restricts the
use of nickel for consumey applications. The manganese smubstituted alloys
are intended to fill the cousumer shortage,

It has been found that the addition of mangansse to the alloy will
not seriously affect the corrosion resistancs., In most envirommenta,



manganese less than 107 has no effect, if the chromimm and nickel remain
constant, Above 10%, mangansse decreases the corrosion resistance, This
effect, however, is slight up to 18% manganese, the highest content re=-
ported,

Hore significant is the effect of lowering the nickel contents
Reduction of nickel, particularly below L%, will greatly reduce the
corrosion resistance. It is the lowering of the nickel content rather
/than the addition of manganese that accounts for any reduction in core
rosion resigtance with the chromimmemanganese-nickel austenitic stainless
steels, since the chromium content is unchanged,

These alloys are subject to intergranular corrosion owing to the
precipitation of chromiuwm carbide as in the chromiumenickel alloys. They
can not be stabilized with columbium or titanium., These elements will
remove both carbon and nitrogen from the alloy with the formation of
delta ferrite. Tt has been shown that by reducing carbon it is possible
to wrevent intergramular corrosion, The earbon limit has not becn cleare
1y established. It is reported to be either 04025 or 04,0602 depending
upon the investisator.

The AISI Types 201 and 202 alloys appear to resist attack by a
mmber of chemicals. Their resistance is similar to that of the Types
301 and 302 alloys. In & mumber of environments the resistance is better
than Types 30h and 316 elloys. The oxidation resistance of the Tymes
201 and 202 alloys is emiivalent to Type 304 up to about 1500%F, Above
1500°F the rate increases appreciahly., These alloys are as susceptible
to inbersramilar attack as the correspconding chromiumenickel alloys.

The atmospheric corrosion resistance is zoods
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The alloys designated as 20L and 20LL have a lower carbon content
and should offer some improvement in cvorrosicn resistance over the Types
201 and 202 but little data are availabls. The lower carion content
should make them less suscentible to intergramlar atitack.

The very low rdekel, high manpanese-chromium alloys have & cotw
rosisn resistance similar $o that of the Type 430 alloys, They are rem
sistant to only mild corrosives and would be used where the physical and
mechanical properties are superior to the Type L30 alloy, The atmospherw
ic corrosion resistance is good vy both exposure teste and long time
gorviee tests., The alloy siows no promise for high temperature service
whers resistance to oxidation or sulfur is requirsd,

A table of expected corrosion rates for the chromiumwmanganese-
nickel and chromiume-mangsnese alloyez in a munber of enviromments is
presented., A complete bibliogravhy of English language literature on
the corrosion resistence of these alloys ls ineluded,

STATVMENT F PROBLEM s

Condu ot aa engineering correlation and evaluation of the corrosion
resistance of the chroniumemsnganese-niclel and the .cﬂwmimanganesa
sustenitic steinless stecls., From a sesrch of the published literature
and from both published and unpublished data of producers and counsumers
sgtablish the effect of manpganese addition on the écmaion resistance
of the alloys and present the expected corrcsion ratc in varicus environ-
ments. The data presented should provide a basis for the corrosion
enginearing of these alloys. Only foreign language articles of which
English translations were avallsble were used,
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tbtain all unpublished data and permission to coordinate same from
producers, consumers and interested organizations studying the Cr-MnwNi
stesls, Do this by surveys, correspondence and visitation to the extent
naeded.

Critically examine all corrosion data and tabulabte sane alter exw-
smination and selection.

INTRODUCTION

The austenitic stainless sieels are vsluatle sonstruction materw
ials because they corbins corrosion resistance with ease of fabrication,
The ausienitic structure makes these alloys easy to fabricate. The
alloying agents chromium and niekel, make the slloy passive in many
envirorments, Because of these properties, the austenibie stainless
gteels ave used in a larpe minber of indvstriesy Teble I lists the end
use of the susteniide sitalnless steels for the first half of 1956 by
markets (1), The largect user is the antomstive industry, W th the aire
eraft and electriecal industries following in that order. In 1956 the
production of the common sustenitic stainless steels amounted to 55k,000
net tons o 5.3% o the total mlloy sieel produsiion as reported by the
American Tron and Steel Institute.

The wide use of the chromiumenickel austenitic stainless siecls
lead to the current problem. The defense need for nickel coupled with
the limited supply (only two major Western sources) forced the governw
ment to regtrict its use during national emergencies, Stockwpiling of
nickel for defense purposes during peace times prolonged the shortape,
During World War II nickel was on allocation for defense use only.



TABIE 1

DISTRIBUTION OF STAINLESS STEEL BY MARKET CLASSIFICATIONS

FIRST EALF = 1956 (1)

KARKET

Automotive

Consumer Appliances

Utensils =~ Household & Cooking
Flatware » Cutlery & Table
Restawrant & Commercial
Plumbing, Heating & Air Conditioning
milders Hardware, Architectural & Ornamental
Chemical Industry

0il & Cas

Pulp and Paper Processing
Textila Processing

Dairy

Other Food & Beyerage
Flactrieal

¥etal Working

Farm

Railrosads

Shipbuilding

Fapleners

Alvcraft

Ordnanocs

Total Heported
Inrepor ted

Total

NET TONS %
52,88 145
11,516 3.2
10,713 2.8

9,501 247
13,575 3.7
6,994 1.9
9 ’253 2 .5
7,982 2.2
IL’B& 102
},700 1.3
3,912 1.1
7,033 1.9
74220 2.0
l).l’sgé ’4‘1
10,312 2.8
935 0e3
2,516 0.7
2,926 0.8
12,603 ekt
30,240 843
3,892 1.1

228,353 62,5

137,002 _37.5

365,355  100,0
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During the Koresn Mmergency a directive, ieD0 Schedule 4, was issued Ly
the Netional Production Authority prohlbiting the use of staiaoless stecls
containing more than 1¥ nickel for a long list of indusirial applications
{2). These actions left the user of the austeniiic stainless stecls to
Iook for a replacement alloy, preferaily with similar physical and staine
lese properities.

Other than nickel, manganese is the only eowmon meotal which will
retain an appreciatls quantity of austenite in a chroumium steel at room
temperatures, Manganese has becn used to form, with carbon, the austenw
itic "Hedfield® atesls. In thls steel carbon is sbout 1,1% snd manganese
is above 123, However, at the lower carion content required for corrosion
repistance in the chromimm stoels, manganese is loss efflcient as an
mstenite stabiliszer (3)., Tests have shown manganese %o be half as
effective ag nickel in stabilizing austenite (L), Figure 1 shows the
structure present in steels of varying ¢hromium and msnganese content
as quenched from 1800°F (10009C) (5)e It is clear that the chromium
content must be below 157 at any mangenese atent if a wholly austenitie
structure is to be obtained, Others (6,7) have placed a limit of 13¢
chromivm to assure an ausienitic struclures Unfortunately, lowering the
ehronium euntent to this level will adversely affect the corrosion roe
sigtance of the alloys.

To retain the chromium at 187 for corrosion resistance it is
nacessary to ald nitrogen andfor nickel to obtain an sustenitic siructure.
Conaiderable work was done by Franks, Binder and Thoupson (8) to deterw
mine the structure of alloye containing various amo.nts of chromium,
nickel, and manganese., The resulis of this study are summsrized in
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FIG. 1 PHASES PRESENT IN CHROMIUM - IRON ALLOYS.

(5

HEAT TREATMENT = QUENCHED FROM 1000°C,



Figure 2. This shows that the austenite region is greatly expanded by
the addlition of niekel. Increasing manganese above 6% at chromium levels
sbove 15% causes & slight contraction in the sustenite region. It was
aleo found at the 18% chromium lavel that manganese functions primsrily
as & stabilizer of the sustenite formed through the influence of carbon,
nitrogen and nickel,

Carney has published (9) deta on the structure of the very low
nickel, high manganese alloys which shows the effect of nitregezi. His
res:lts, given in Pigures 3 and L, show that a fully sustenitic strice
ture can be obtained in the absence of nickel with as much as 18% chrome
ium and 187 manganese provided the nitrogen content is OuL5%., This
elearly shows the benefit of nitrogen as an austenite former. The data
on the nitrogen=free alloys, Figure 1, indicated that the maximum chrome
iom eontent was 15¢ at any msnganese content to obtain an austenitic
structure., By comparing thess data with those in Figure 3, it can be
seen that the sustenitic reglon has been expanded By the addition of
mitrogen., Likewise Figures 3 and L show that, in general, the sustene
itic region is reduced at the higher namganese contents. This points
out the dual role of mangsonese as an austenite stabiliser at the lower
concentyrationg and as 8 ferrite former at the higher concentrations,

The beneficial effect of nickel as an austenite former is aleo shown by
this data,

The American Iron and Steel Institute has assigned a type number
to two chromium-manganese-nickel austenitic stalnless steels. The
designations are Types 201 and 202, The composition limits for these
and for Types 301, 302 and 304 chromiumenickel austenitie stainless
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steels are given balow,

AISI |
TYPE camposTTION (£}
c _¢or_ s Mn N
201 0.15 max, 16/18 345/545 525/745 0425 max.
202 0,15 max, = 17/19 L.0/640 745/1045 0,25 max,
301 0,08/0,20 16/18 640/840 2.0 max, -
302 0408/0.20 17/19 840/1040 2.0 maxe =
30L 0,08 maxe 18/20 8.0/11.0 2,0 max, =

As can be seen from the compositions, Type 201 is intended as a
substitute for Type 301 and Type 202 fox Type 302. Types 301 and 302
alloys are moat eommordly used for consumer applications, the one first
cub off in time of short nicksl supply. The Type 30L &l loy because of
its lower carbon and higher chromium and nickel is more resistant to cor-
rosion and 43 used in applications where this property is most aritical.
Typical mechaniesl properties of Types 201 and 202 alloys are given in
Table 2.

In addition to these alloys a number of others containing less
than 1% nickel have bean proposed by various producers. OCompositions
and trade names are give below,

DES IGNAT ION COMPOSITION (%} , PRODUCER

¢ Cr M M R

CMN 0e65 2540 =~ 1240 OuhS Crueible Steel Go.

Gm192 0465 kmﬂa - 9,0 0,10 Allegheny Indlum Steel Cos
TRC 0e0B 150 1.0 16,5 0,20  Budd Co,

Tenslon 010 1740 = 15 0,40 Use 5. Steel Co,

oM 0.15 1,/27 1.0 138 0,25 Allegheny Ludlum Steel Co,
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TABLE 2

TIPIGAL PROPERTIES OF THE MANGANESE AUSTRNITIC STAIVLESS STFRIS (16,10,12,13)

TIPICAL ANNVALED MECHANICAL PROPERTIHS

Mo terial Yisld Strength Tensils Strength Fiongation
Type 301 10,000 110,000 &0
Type 302 _ha,cac 90,000 50
Tenalon 70,4000 125,000 LS
Type 202 50,000 100,000 60
CH 50,000 100 000 50
Gl G234 86,000 : lh?,OOQ .5

#iar stock, others sheet

TYPICAL BTRESS RUPTURE PROPERTIRS

Materisl Stress, 1000 psi, for Rupture in 1000 hr. at
900°F 1050°F 1200% 2000
Type 302 b9 2 17 6
Tenelon 68 ﬁl 28 -
Type 201 - - 21 7
Type 202 - - 21 7
CH . -~ 1? 6&6 %
G-3.92 - hd L ' 16.0
Type 30k L9 32 17 7

1350°F
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Thase steels are austenitic with the exception of TRC which cone
t.ain& some delta ferrite, Tenelon is austenitlie through the balance of
chromimm, nitrogen and manganese in line with the dats of Carney (9)
mentioned earlier, The CMN and (=192 alloys however, scntain too much
chromium to attain an austenitdc structure from nitrogen alone, The high
carbon content together with the nitrogen will make these steels sustene
 itic. However, by raleing esrbon to the level of 0,88, the alloy loses
some of its corrosion resiatance., These steels are belng used primarily
vhere resistance to atmospheric eorrosion is required. The mechanical
properties are superlor in some respects to the Types 301 and 302 alloys,
Table 2, snd the current fabrieation techniques ean be yetained,

The acceptance .of the manganese contalning austenitie steinless
steels is clearly shown by the production ﬁgures* for Types 201 and 202
over the last three ysars.

AISI TYPE NET TONS
1954 1955 6

201 Too maall 1,190 11,050
202 0 report 696 8,340

7he aﬁpliantiom of Types 201 and 202 alloys have been quite varied
~ from the extarior sheathing of Inland Steel's new office building in
Chicago %0 a novel type of spring closure to replace men's shoe laces,
Kitchen utensils and food processing equipment of Type 202 is extensively
produced, Limited use is found in the chemical process and pstroleus e
fining industrles., The low nickel, hirh manganese alloys are being used

¥from AISI Production Reports
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extensively for railroad cars and automotive truck trailers. A complete

list of the uses of these alloys is given by Snair and Renshaw (1h).

As these steels, although not really new, are still in their ine
fancy, much corrosion data is being presented in the literature. Pro=-
ducers and consumers are actively conducting corrosion tests o evaluate
them, There is a need for this corrosion data to be compiled and pro-
sented in a manner that will permit corrosion and material enginzers to
understand and apply the alloys oorrectly, Such a compilation will point
out also the areas where data is lacking., This report will attempt to
£i11 the need.

A search of the literature, back to 192, was zma.de to disclose
articles relating Yo corrosion resistance of the chromium-mangansse or
chromiumenickel-manganese alloy steels., No foreign language literature
was reviewed. A complete bibliography of all pertinent literature reviewed
is given., The earliest articles appeared sboub 1920 when the value of
the austenitic stainless steels containing chromium and nickel were first
recogaized, Without the kpowledge that nitrogen would assist in forming
austenite, work on the manganese conbaining allcys was disconbtinued in
favor of the then cheaper and more satisfactory nickel bearing alloys.

| In addition to the literaturs search, ten companies were contacted
by letter in hope of obtaining unpublished data. One producer, Electrow
Meballurgical Co., and two consumers, The Budd Co. and Esso Research &
Engineering Co., provided dota upon visiting their offices,

The discussion of corrosion resistance is divided into two seCw
tions. The first shows the effect of substituting manganese for nickel

in various types of enviromments, The second covers the corrosion
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engineering of the menganese subsiituted austenitic stainless steels now
marketeds Included is 2 iteble of the expected corrogion rates for these

alloys in the various environments for which data hag besn obitained.

EFFECT OF MANGANESE 43D NICKBL Of COBRISION RESITSTANCE OF THE

CHROMIUM AUSTEHTTIC STAINLISH STrzlS IN VARIOUS SNVIRONMENTS

This is a discussion of the effsct on corrosion resistance that
rosults from the substitution of manpanese for nickel in the austenitic
stalnlese steels, The effect of both manpansge and nickel are considered
as they are the two variables, The effect of chromium conbtent is notad
in some envirecnnents to point out the need for maintaining the chromiom
content at 16 to 18%. It would be easler to maintain the austenitie
structure at lower chromium contents.

The environments are representative of those in which these steels
may be used, For each enviromment the discussion iz limited to dats on
one reagent, Also ingluded 1s a discussgion of the susceptiblility of
thege alloys to seunsitization and intergranular corrosion.

Strong, oxidiming, inorganic acids - nitric acid, lost data for

nitric acid was in boiling 65% solution, These conditions sre a eritie-
al corrosion test for the mustenitlic stainlese steels and are usually
used to determine the resistance to lntergramlar corrosion (iuey Test).
For this evaluation only data teken with fully annealed samples were
uged. In this condition the chromiun-nickel asustenitic stainless steels
are very registant to sttack through the formation of a passive film on
the surface of the alloy. Figure S slows the effect of adding L te 18%
manganese to & 17T~18% chromium ~ L% nlckel alloy. From L to 3% mangae
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nese no influecce on the corrosion resistance. Above this mangsnese con-
tent the corrosion rate inereases, bubt even at 1B% mangsnese ine increase
is slight, In ecomparison, the bemeficial role of nickel is illunstrated
in Figure 6., Increasing nickel from 1 to T deareases the corrosion |
rate from 0,005 to 0,001 inches per month (ipm)e The increase of manw
sanese from L to 18% only increased the corrosion rate from 0.0016 to
0,0027 ipm. This also justifies plotiing data in Figure 6 neglecting
manganese content, The difference in eorrosion rates between Figures 5
and 6 for similar slloys is common when comparing tho data of two in-«
vestigators. Small variations in test procedurs, sample preparation and
cleaning techniques will aceount for the difference. It also noinits out
the fallacy of using data i’mm laboratory tests for predicting eorrosion
rﬁms in operating equipmaﬁt. This variation in data will be evident in
a nuthber of the comparisons presented. Figure 6 slso shows that a high
chromium content is beneficial, The effect is, however, less than that
of nickel in the range ‘reported.-

Trom these data, it would be expected that an alloy containing at
least 3,5% nickel and sufficient manganese and nitrogen to maintain an
austenitic structure at 18% chromium would have a corrosion reslstance
equivalent to the 18%¢ chromiuwn - 8% nickel steels, Data on the conmar-
cial alloys show those containing higher nickel have a bebizr corrosion
resistance but that none of the mangsnese containing alloys are as re-
sistant as the chromium-nickel alloys in boiling 65% nitric acid.

Weak, oxidizing, inorganic acid - phogphoric aeid. The resiste

snce to 10% boiling phosphoric acid was investigated by Renshaw and

Inla (15), Figure 7 shows that manganese below 2% has no effect on the
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corrosion resistance of a 17=-18% chromium, Le5% niokel slloy, At greater
concentrations manganese increases the corrosion rate of the alloy., This
affect is similar to that experienced with nitric acid, The minor role
played by manganese in influencing corrosion rate is also shown in
Figure 8. This is a plot of chromium gontent versus corrosion rate at a
sonstant nickel content (L-5%) with the mangansse sontent noted at the
data points., The advantage gained Ly keeping chromium sbove 16% is very
evident, Within the limited renge of compositions teated (Li-6%) the
nickel content does not appear to gignificantly affect the corrosion re-

sistance, |

Am with the strong oxidizing acids, the substitution of & portilon
of the nickel with manganese is not significant, The Mim content is
most oritical and must be above 168 to obtain good resistance, These
conclusiong are also presented by others (10,16,17).

Beducing, inorganic acide - sulfuric acid., Reslstance to corro-

gion by these seids can be shown by the resistance to 10% mmﬁ'ﬁ;c# acid.
Binder and Thompson (8) have studied the affect of substitubting mmxéanam
for nickel and the resulting sorrosion rates for the alloys., The results
are presented in Figure 9, The corrosion rate varies greatly with the
nickel content, The greatest variation ls from 0,1 nils per month at

9% nickel to 1.2 mils per month at 3% nickel, both at 1% manganese, On
the other hand, the variation in corrosion rate at a given nickel vontent
varies only slightly with the manganese content. In general the greater
the ratio of manganese to nickel the greater the corrosion rate., PBinder
and Thompson also point out that chromium from 16 to 18¢ has less effect
on reducing corrosion than doss increasing the nickel from 3.5 to L.5%.
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This general effect of nickel is also shown by others (17) who report
that the Type 201 and 202 alloys are not as resistant as the Type W1
alloy and that the same is true of the very low nickel alloys (11),
Parks (18) eclaims that the addition of manpanese will lower the corrosion
resistance of the straight chromium alloys. Thls is not supported by the
data presented here, From the data availsble, it appears that the sub-
atitution of manganese for nickel does not produce an alloy with come~
parable corrosion resistance in the redusing, inorganic acids,

¥ild, oxidising, organic aclds - glacial acetic acid, Coumparative

data are avsilable for a number of slloys in boiling glacial acetie acid,
These are presented in Figure 10 to show the effect of manganese on an
alloy containing 17-18¢ chromiwn and h=5% nickel., The addition of man-
ganese decreases the corrovsion resistance, There ls, however, quite a
gpread in the data and only that which appears 4o be consistent is pre-
sented.

Figure 11 indicates that chromium has a much greater effect on the
corrosion resisbance, Incressing the chromiuwm from 16 %o 199 decresses
the corrosion rate from 0,008 to 0.0000h ims, It was not possible with
the data avallable to plot the effect of chromiun at constant manganese
and nickel contents. The influence of these constituents may effect the
relationghip shown, partiecularly data points 9, 10, & 1l which are »t
high manganese contenis. The data plotted in Pipgure 10 show that this
high manganese content will inerease the corrosion rate, Dut the varia-
tion indicated ghould only be about 3 mils per month which would be in-
significant on the scale used in Figure 1l. It is interesting to note
the relative independence of corrosion rate with anickel content., Deta
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points 9 & 10 are for eimilar alloys containing 1 and 6% nickel, Simie
larly, data point 12 which is an 18 COr - 8 Ni alloy shows a higher rate
than 8 18 Cr « 6 Ni - 7 ¥n alloy. These apparsnt desarepancies lead one
to question this data. The data of others (11, 19, 10, 12) indicate that
the Types 201 & 202 and the low nickel alloys are ss resistant to acetis
apid as are the 158% chromiwn - B% nickel and 129 chromiwm alloys,
Neutral, ageressive, organic acids - lactie seld. The effect of

both manganese and nickel in boiling 50% lactic acid are shown in Fipure
12 (15). As found in sther environments manganese in eoncentrations less
than 11% hes no effect on the corrosion resistance of an alloy containing
17% chromium =~ h% nickel. At concentrations greater than 11%, nanganese
will greatly increase the corrosion rate, Nickel, in an alloy containing
17% chromium and 6 - 10¢ manganese improves the corrosion resistance as
the congentration is increased from 1 to 74, The improvement is signifi-
cant by tomparison to other enviromments, It would be expected from
these date that 2 reduction in nickel would seriousgly affect the corro-
gion resistance of the alloys. Manganese in the concentrations proposed
(5.5 to 10%) for the chromiuwm-manganese~nickel alloys should not in ite
gelf affect the corrosion resistance.

Inorpanic bases ~ potasgium hydroxide, Data for this reagent is

meager, The only data found was that of Hatscher (11) on room temper-
ature tests in S¥ potassium hydroxide. He reported that two gteels
containing 18 ~ 16% Cr, 0.5¢ Ni & 16 « 13¥% ¥n were as registant as AISY
Types 301 and 430 alloys. However, none ghowed a meesurable corrosion
rate.

Atmospherie corprosion, Although there is much information
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published on this, there is little quantitative data available on the
corvosion resistance of various compositions. Flint and Taft (20) have
published the resulie of exposure tests at Blrmingham, England., The
results of this industrial exposure of 18% Cr, 108 Mn, 2% Hij 17% Cr;
and 18% Cr, 8% N1 alloys are given in Table 3. It can be seen from this
that the manganese steel is intermediate to the straight chrome steel and
the chromium-nickel steel., Others (21,22,23,21,11) report that Types
201 and 202 alloys and the high chromium-~high mangenese alloys are ag
resistant to both industrial and marine atmospheres as Typss 301, 302
and 3I0h slloys.

Since the addition of 12¢ chromivm will make iron stainless in
the atmosphere, it is not expected that the additlon of manganese will
alter the resistance, The qualitative data reported support this, Only
in severe marine exposure are the low niekel, high manpganese alloys ine
farior to Types 301 and 302 alloys. This may result from the presence
of a duplex austenite~ferrite gtructure present in ihe alloys tested.

Oxidation reaistance., <{here has been conglderable data published

on the gomparative oxidation resistance of AISI Types 201, 202 & 304
alloys., But the data on the effect of varicus manganese conbents is
rather limited, Only three authors treat the subject {25,26,27). Un-
fortunately, they were treating the effect of so many variables that it
ig difficult to obtain a cleer piloture of the role manganese plays,

Table )i presents the data of Brown (’25). This shows that the addition
of 10 to 1% mangenese to a 204 chromiuwnm alloy increases the oxidation
rate considerably. {The molybdemm and tungsten additions should have
no effoct on the oxidation rate (2)s) It should be noted, however, that



TABLE

ATHMOSPHERIC CORROSIOR OF CHEOMIUMWMANGANESE-NICKEL AUSTERITIC STAINLESS

SIEELS (20)

Composition Surface Time Ave. Corre  Mex, Depth of pite (in,) Ave, No. pits/om®
Cr Mn Hi Condition days Rate (mdd) Upper Surface Iower Surface Upper Iower
i8 10 2 Plckled 566 = 0,002 0.0035 20 18

18 10 2 Polished 510 0,23 0,003 04003 20 25
17 = = Pickled 566 = 04003 0,005 10 30
17 = « Polished 510 0.09 0,005 0.0045 10 30

18 = 8 Pickled 566 = 0,002 0,0015 5 2
18 -~ 8 Pelished 510 0,06 0,003 0,001 12 10
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a 107 manganese~18% chromium alloy is inferder to a 9% nickelwl9% chrom
ium alloy at 1835OF but is more resistant at 2015°F,

It is interesting to note the effect of nickel on oxidation rew
sictance as reported by Prown. At 1835°F a 9% nickel = 19% chromium slloy
ig about as resicstant as a 26% chromium &lloy and & 26% aickel - 18%
chromium alley is considerably better, However, at 2005°F the 9% nickel -
197 chromium alloy shows an extramely hich rate (26l m/mta:&g) while
the 12¢ chromium and the 25% nickel » 18% chromium alloys have increased
only & slight amount to 22,7 and 1h.6 grams/meter®? respectively.

Tahle 5 gives the data of Harder & Gow (27) on the effect of manm
ganase at the lower temperatures of 1400 and 1500°F, These data show
that at a constant chronivm and nickel conmbent, the best resistance is
ottaired with 108 manganese. For the 6F chromium - 3¢ alzkel and the
10% chromium « ¥ nickel alloys the increase in ozidation rate for both
higher and lower mangsnese contents is apprecinble. Monypenny (25) shows
that the maximm rete of atback ocours at 10% mancanese. His data wag
based on seven alloys containing 207 Cr and either 0.1 or 1.0% C at
1800°F (2000°%C),

Typlcal results from conparative tests of Types 204 and 30L alloys
are shown in Fimure 13. Type 204 alloy has the same oxidation rate as
Type 30k alloy up to about 1500°F, Above this temperabturs the Type 204
alloy oxidises at a much more rapid rats. Figure 1l shows the walght
gain as a function of time. Ab 1250 and 1450°F hoth the Types 20h aad
30 alioys form a protective scale as shown by the decrease in rate of
weight goin with time, At 1650°F the Type 20h alloy contimes to gain
welght with time indicating that the oxlde scale is nod protective and
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axcessive oxidation occurs.

Based on these dats the substltution of meanganese for a portion
of the nickel will reduce the maximum allowable temperature for long
time exposure of the alloy, The temperature limit should be sbout
1500°F for long life, This conclusion is backed by others (2L,28,21,29,
30) who agree on this general temperature range, but offer no data.

High temperature sulfur. Nveryone talks about this aystem but no
one has done much about it. There are many references (5, 28, 32, L, 22,

25, 29) to the good resistance of the manganess bearing steels to sulfur
attack, This 1s, most likely, based on theoretical analysis of the alloy,
Simply, nickel is not resistant to sulfur, therefore if it is replaced
with manganese more resistant to sulfur, the resistance of the alloy
will be improved, The picture is summed up neatly by Monypenny (3)
who states, M. « o it may be noted that little experimental evidence in
gupport of this (resistanee to sulfur) appears to have been published,®

Harder and Gow (27) have presented limited data on experimental
slloys in oxidizing and reducing sulfurous enviromments at 1400 and
1600°%F, A summary of this data is presented in Tablae 6, At a given
eoncentration of chromium and nickel, menganese has no significant efw
fect, The effects of ircreasing chromium and nickel sre much more
significant.

Figure 15 shows the comparative corrosion rates for Types 410
(129 Cr), 202 and 30hL alloy steels exposed to hydrogen sulfide, The
environment contained 50F hydrogen, 0.3 to 3,5¢ hydrogen sulfide and the
balance methane at 200 psi. The Type 202 ailey is comparable to Type
10l alloy at a temperature of 650°F but is inferior at 500°F. Both
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steols are considerably better than the Type L10 alloy, This environe
ment has been shown 4o be particularly aggressive to the straight chromw
imm steels with data reporting the 12¢ Cr alloy no mors resistant than
the carbon steels,

From the limited data available, the mibatitution of manganese
for nickel does not improve the resistance of the alloy to sulfur corw
résim. In genéml these data é&m«w mangansse Lo decrease the resistance
of the alloy to sulfur attack, In hydrogen sulfide the presence of man~
ganese may be more beneficlal at hicher temperatures. This should be
investigated further to determine if the manganese alloy is more resist~
ant or whether the nickel alloy was less resistant,

Intergranular Corrosion. The austenitie chromium-manganese-nickel

steels are susceptible to intergramular corrosion (34,8,6,35,18,33).
Franke, Binder and Thompson (35) analysed a H,50), = CuS0y, solution in
which a 15,2% Or, 11.8% ¥n, 2,3¢ Ni, 0,127 G, 0.5% Cu alloy exhibited
intergranular attack after being heate: Copr 1 howr at 13000F (725°0).
The asnalysis showed chromlum to e prescabt in the selnbion in lower
quantities than in the steel indicating that the chromium content of the
steel adjacent to the grain boundaries wag decreased as a rosult of the
heat treatment, Chromium was present in the grain boundaries as chromium
carbide, The analysis alsc showed manganese to be present in the solue
tion in sliphtly larger quantitics than in the steel, Orimshew (3k),
presenting limited data, suggests that me addition of both manganese
and copper will incresse the resistance of the alloy to intergramlar
corrosion by 108 euseh - Hgﬁah,

The most systematic study of the sueceptibility of the sustenitic
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chromiume manganese-nickel stainless steels has been made by Binder,
Thompson and Bishop (35), They determined the effect of ecarbon on
alloys containing 18,25¢ Cr, 7-11% Mn, L-10% #i, O.hZ Si, 0.22% N and
0,010-0,04L3% C. The intergramular corrosion tests were conducted on
specimens heated 30 minutes at 2000°F (1075°C) and air cooled, then re-
heated 1, 6, and 2} hrs, at 1200%F (£50°C), 100 hrs. at 1000°F (5509C),
8 weeks at TSCOF (LOOPC) and 16 weeks at STO°F (300°C). The test solu~
tions consisted of boiling 65% nitric acid, 10% nitriec aeid ~ 3% hydro-
fluoric scid at 158°F (70°C) and boiling, acidified, copper sulfats sow
lution,

It was found that the maximum carbon content at which the alloy
retaing its immunity under the conditions of test is related to the sum
of the manganese and nickel con.ents. This iz gimiler to the relation-
ship that exiwts in the 0.03% carbon awtanitie chromium-nickel sieels,
This is ghown in Figure 16 for alloys heated for 6 hours at 1200°F (6500C).
It ean be notiend that the sarbon limit decreases as the sum of the mane
ganese and nlckel incresses, The carbon limits for 1, 6 and 2L hours
at 12009F (650°C) are shown in Table 7. None of the stecls exhibited
interpramilar attack after heating for 16 weaks at B70°F (3009C) or o
8 wecks at 750°F (L00YC). As predicted by the tests at 1200°F (650°¢),
complete imminity to atbtacy was shown by alloys containing 0.,025% C and
mangansse plus nickel less than 14% in the 100 hr. test at 1000°F (350%).

These conclusions agree with the data presented by Renshaw and
Inla (15) and de 5y (33). Renshaw and lLula presented data on ten alloys
containing 17-20% Cr, 8~10% Mn, Le5% Ni, 0.11-0.107 i and 0.017-0,13%C,
Alleghenywludlum have published (13) data on the resistance of two
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experimental alloys which tends to confirm these conclugions. One is a
20LL composition eontaining 0,03%C with 7.5/10.0f Ma, 5/7 Ni, & 17/19 Or
which resigted attack by boiling 65% HﬁﬂB after being heated to 1200°F
for 2} hours., A ¥ alloy containing 0,15% C with 13/18 Mn, 1 Ni, and
/17 Cr, was rapidly attacked after only 2 hour exposure to 12000F,
Flint and Toft have reported (20) thet an alloy containing 0,08% C,
10.5% ¥n, 1.,9% Ni and 17.5% Cr was rapidly attacked after sensitising at
12009F (650°C) for 2 hours.

The only data in real conflict with these conclusions was pree
sented by Binder and Thompson in an earlier paper (8) with Pranks,
Twenty four alloys containing 3,5-h.5% Wi, 7«9% Mn, 16187 Cr were tested
after heating to 1200°F (650°C) for 20 mimutes and 1000°F (550°C) for
2 hours. HExposure to 65% boiling nitric acid showed that no attack
would oceur on those heated to 1000°F (550°C) if the carbon was less than
0,1%, Those exposed to 1200°F (650°C) showed amccelerated attack if the
carbon wag at 0.1%, ILowering carbon to 0.062 significantly reduced the
rate of atbtack, However, these results are not in direet econtradiction
since the sensitizing time wag short compared to the previcus tests
~uoted.

Based on the work of Binder et. al., to attain immunity to interw
granular attack the carbon content must be less than 0,025% if the sum
of the manganese plus nickel is 1l and 0,020% if the manganese plus
nickel equale 18, Columbium and titanium can not be used to stabilize
the manganese steels as with the chromlum-nickel sisels, They will
remove carbon and nitrogen from the alloy with the formation of delia
ferrite, 'This may lead to hobeworking difficulties and a genersl
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zduction in corrosion resistance of the alloy. In low nickel steels,
titanium causes the austenite to transform to low temperature ferrite

and the steel may lose its non-magmetlic properties.

CORROSION ENGINELRING OF THY CHROMIUMWMANGANESE-NICKEL

AND THE CHROMIUM-MANCANESE AUSTENITIC STAINLESS STHERIS

It has besn shown that the substitution of manganese for nickel
will not seriously affect the corrosion resistance of the chromium-nickel
anstenitic stainless steels in a great many enviromments, These alloys
appear to be a new class of gteels that will find an application in
industry. They have a glight cost advantepge of about five cente per
pound over the chromiumenickel grades, This section will cover the cor-
rogion resistant properties of the mangsnege containing austenitic stain-
less stecls new avallable, The comrositions and designations are given
on page 12, but will be repeated in the specific discussion below,

A compilation of the corrosion data avallable for these alloys is
presented in Teble 8 on pages 56 to 63. In some cases the data of sepa-
rate investigatore were not in agreement and the best reconciliation was
made, Ag with all corrosion data presented in this manner, ons must
conglder the corrosion rates presented only an indication of the rate
that may be experienced in a given exposure, The effect of tempersature
vapiations, exposure time, veloeity, contaminanis, ete. may cause these
retes to vary congidsrably.

AIST Type 201 = O,15mexdC, 16/18¢Cr, 3.5/5.57Ni

54575840, 0.25max?N
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AIST Type 202 - OudSmaxtC, 17/19%cr, L/6ENL, 7.5/10%kn
Qe N

These two alloys will be discussed together as they have similar
characteristics, In most corrosive envirorments they show equivalent
corrosion resistance, probably becaunse the difference in alloy content
is small, It has been shown that in many enviromments no change In core
rosion maiﬁﬁmxcs was noted at manganese contents up to gbout 108, Both
of these alloys contain less than 10¢ manganese, The nickel limits overw
lap for the two alloys, so, while it is possible to have a difference of
2,5% in nickel it is not probabla,

Compared to the 187 chromimm « 8% nickel alloys, Types 301, 302
and 30k, the Types 201 and 202 alloys have equivalent resistance in most
enviromments, as shown in Table 8, In the stronger aclds, such as sulw
furie and oxalic, these alloys are mffevianl In & mumber of organic
compounds, the Types 201 and 202 alloys are superior to Types 304 and
316 alloys, the most resigtant of the 18% chromiume 8% nickel grades.

In a1l cases reporied the Types 201 and 202 & loys are superior to the
17% chromium (Type 430) alloy excopt when neither corrvoded,

Based on the data of Binder, Thompson and Bishop (35) these alm
loys ghould mrianm jstergranular atbtack after heating to 1200%F for
as little as one hour. The scarbon content of 0.15¢ max, is greatly in
excess of the 0,025¢ carbon limit for steels contaluning menganese plus
nickel less than L. In earlier tests Franks, et., al., (8) had showm
that the Types 201 and 202 compositions containing 0,107 carbon were
rapidly attacked when heated for as little as 20 minutes at 1200°F and
exposed to boiling 657 mitrde acid, Renshawgng Inla (15) present data
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to ghow that the carion limit should be anout 0,067 All investigators
seree that intorgranular attock will ecccur at the garbon level permitied
in these allcxy:s; %hen using these alloys, the sane precauticons must be
taken as with the Types 301 and 302 alloys to aveid intergramilar core
roslon. It has been found (6) that a knifewline attack eccurred on weld-
ed srecimens of Types 201 and 202 alloys similar ‘o that with the Types
301 and 302 alloys,

The Types 201 and 202 alloys do not have the oxidation resistance
of the chromimm - nickel grades, Figure 17 presenis the oxidation resise
tance of these &lloys, It ¢an be seen that the Types 201 and 202 4 loys
are equivalent to the Type 30k alloy at temperatures below 1400%F, Atove
this temperaturs the rate increasecs more rapidly than with elther Types
301 or 30L. For applications whero oxidatdon is a factor the alloys will
find limited sprlicabion. Due to some inconsistancles in the data, it
would be advisa le to test the alloy at temperatures above 1LOO°F before
plant scale application is made.

The superisr resistance to high temperature sulfur atiack of the
manganese containing alloys has teen reported quite widely. However,
the data in support of this is lacking, From the limited daia found
(27,31) Figure 15, ib can be concluded that the Types 201 and 202 alloys
will be no more resistant than the chroniumenickel slleys, Mach additional
work is required before definite coneclusicns can be made,

The austenitic stainless steels are not known for their resistance
to sea water corrogion., The manganese containing alloys likewise are
nnt resistant to atbtack by sea water, Alloysof the Type 201 composiiion
ware tested in flowing ses water at Kure Beach, N. C., for 151 days.



47

1.4
201
~1.2
-z H
< |
S1.0 _
C\.jE 202
0.8 f |
= |
= |
=0.6 | pd
2 ? - 0
30 . | ) / 301
' | Ve 304
1300 1400 1500 1600 1700 1800
TEMP. °F

FIG.

17 OXIDATION RATES OF TYPES 201, 202, 301 &

304 ALLOY STEELS. (8)




L8

The weight loss was slightly higher than for Type 302 alloy but both
specimens were perforated at the end of the test. The additlon of
manganese has not helped the corrosion resistance of the austenitie
stainless steels in this environment.

The atmospheric corrosion resistance is gimilar to that experi-
snced with the Typee 301, 302 or 30L alloys. Figure 18 shows test
panels that have heen exposed for 10 months to a marine atmosphere at
Kure Besch, N, C. The similarity of test panels shows that the Types
201 and 202 alloys will be suitable in applications where Types 301,
302 and 304 are now used,

The new manganese containing chromiumenickel austenitic staine
less steels, Types 201 and 202, appear to £ill a number of applications
whers the chromiumeriickel alloys are now used, The alloys have suffici~
ent corrosion resistance to be ealled stainless stecls, although they
will not £111 all the epplications where the chromiumenickel alloys are

now used,

20L stainless Steel - 0.00mextC, 35@: «O%Mn, 1‘?[}22

mamwwsml 0u0
ny‘ﬁ%ﬁi‘ Q.Z‘éME

Although these geels are designated by the producer (a) with a
minber similar to those used by the AISI these compogitions have not
been accepted by the AISI to date, By cmparing the compositions o
those for Types 201, 301, 202, 302 and 30h, it is evident that they
follow the existing pattern and would be proposed as s substitute for
the Type 30h alloy. Since they differ from the Type 202 alloy by only

(a) Allegheny Iudlum Steel Corp.
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a lower carbon content, they would be expected to have a corrosion re-
sistance gimilar to that for the Type 202 alloy. The lower carbon conw
tent will decrease the amount of grain boundary carbide precipitation
and increase the resistance to intergranular attack, Based on the data
‘of Renshaw (15) the allays should be very resistant, but the data of
Binder (35) would show them to be susceptible to intergrenular corrosion.
The use of these alloys vhere intergranular corresiosn is a major fagtor
should be approached on the same basis as with Type 304 alloy.
Chrominm-ionganese Austenitie Stainl sa Stea‘;a Containing less

Than 1% Rickel

There are no #zbandard® alloys in this classification although

several are being produced, Iisted below are the designations and

ecomposition of these alloys,.

DESIGNATION COMPOSITION %

-l " L 4 N
Tenelon 0o 10max b 17 - Gah0
TRC 0,08 1he5 15min 1.0  0.20
oM 0,15max 13/18 /7 LU 0.25
CHN 0a68 - 28 . - D45

The general corrosion resistance of these alloys varies betwsen
that of the Types 201 and 202 alloys and Type 430 {174Cr) alloy. The
resistance to varioue chamieals is given in Table B, In genersl these
alloys &re as resistant as the higher nickel grades in the mildly core
rogive atmospheres but are decidedly inferior in the moderate to severe
corrosives, This is the combined result of reducing nickel and inoreas-

ing manganese. It has been shown ithat the nickel content is erdtical in
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the more severly corrosive atmospheresg, Lowering the nickel will increase
the corrosion rate. Monganese in most sbtaospheres was shown to have
little effect at concentrations below 107, Above thieg, corrosion re-
sistance was lowered, With the combined effect of reducing nickel to loss
than 1% end increasing manganese to about 4% the alloy definitely loses
some of 1ts corrosion resistance.

The corrosion resistance of these alleys dspends upon the stabile
ity of the structure. They are all austenitic in the annealed conditione
However, as pointed out earlier, the austenitlc structure at these high
chromium and low nickel contents ls dependent upon the balance between
earbon and nitrogen in the alloy, It has bgen found with alloys such
as TRC that considerable delta ferrite is formed during rolling., Its
presence will deereasse the corrosion resistance of the alloy, The
Tenelon alloy is claimed % be resistant to forrite formation during
rolling operations, DBefore using these alloys where mild corrosives
are involved, samples of fabricated parts of the alloy should be tested.

As wo:zld be expected from the hirh carbon content of thase alloys,
they are susceptible to intergrarular corrosion., Exposure to bolling,
6% nitric acid after heating tv 1200°F for 2 hours has produced severe
atback of the alloy. Samples of TRC &lloy have been sensitized at 1200°F
for 1 hour and have been completely embrittled as moasured by the Strauss
Test (19)s These alloys would be expected to show intergranular attack
in the heat affected aresas adjacent to welds unless subsequent heat
treatnent were possible, It has also been shomn (19) with the TRC alloy
that cold working the alloy will increase the susceptibility to sensie-

tigation. A sample of annealed TRC showed no carbide precinitation
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aftor heating for 5 mimites at 1300%, After cold rolling to a reduction
of 9 and 20%, heating to 1300%F caused the precipitation of carbides.
This points up again the velue of having a stable sustenitic structure

in the alloy, It is most desirable tor etain the sustenitic structure

in the falricated product.

Iittle data is aveilable on the oxidation resistpnce of these alloys
although some of the alloys do have superior high temperature mechanical
properties (12), The oxidetion resistance is not expscted {36, 29, 2) to
be as good as the chromiumenickel or the chromiun-manganese-nickel alloys.
The resistance should be equivalent to that of the straight chromium
alloys containing the same amount of chromium. Although these alloys
were first used in Germany for furnace covers (15) it is not anticipated
that they will have application as heat registant alloys., In addition,
by virtue of their lower nickel content these alloys will be more sup-
ceptible to the formation of the sigma phase (5) than the Types 201 & 202
alloys,

Ho data is availaile on the high temperature sulfur resisiance
of these alloys, Contrary to the reports of may, the limited data
avallable ghows thet replacement of nickel with mangansse does not ime
prove the :2lay. lacking data on the low nickel alloys, it must be
assumed they would be no more resistant than the Type 430 alloy.

As wi*% the Types 201 and 202 slloys, the very low nickel grades
are not resistant to cea water. Tests onm 102 ln, 18% Cr, 0.16% Ni,

17 Cu alloy showad it to corrode at a rate three times that of Types
30k alloy md 4o be perforated al the end of the test when Type 304

showed only minor pitting {12). These alloys are not suitavle whers



53
resistance to sea water is required,

For atmospheric expopures these gteels should te as resistant as
the chromium-nickel alloys., As pointed out earlier little quantitative
data is avallable of the corrosion rates experienced., Exposure tests
and commercial aspplications of these alloys for periods up to nine years
in marine and industrisl atmospheres has ghown these alloys to be One
parible to the Types 301 and 302 4 loys. In severe marine exposures as
represented by the 80 foot lot at Kure Beach, N, C,, these alloys are
not as resistant as the Types 301 and 302 alloys, Figure 19 shows panels
of TRC and Tenelon now on test at the Kure Beach exposure siite of the
International Nickel Company.

Beyvice ekpar:i.enee of the low nickel alloys has been quite favors
able. These alloys have been used in the comstruetion of railroad cars
and autemotive truck trailers. It has heen reported (21) that the Budd
Co, has had these geels in use for 15 years with no evidence of ecorrosion
due to normal atmospheric conditions or common cleaning solutions, These
agteels are mmplfaiely suitable where atmospheric resistance is required.

The low nickel, chromlumemangansse austenetic stainless steels
are applicable where only mild corrosives are present. They will f£ill
the need for the Types 301 and 302 alloys where the corrosion resistance
of the Type 430 alloy is adequate, but does not have the necessary
physical properties. The majority of these applications would involve
exposure to the atmosphere where a nonstarnishing surface is required.
The alloy doer not have sufficient corrosion resistance to be used in
industrial equinmsnt where corrosion resistance is required, There is 1ite
tle data on these alloys for indusirial environments. The data available






indieate that the alloy may be sulitable in 2 limlted number of environe
ments. Before nlant zeale anplication is made, tests should be cone
ducted on fabricated parte to verify the rosistance of the alloy o be

uned,
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TABLE 8

CORROSION RATES FOR THis CHROMIUMw

MANGANESH-NICKEL, CHROMIUM~NICKEL, AND

CHROMIUM STAINLESS STEELS,




TAELE Sea CORROSION RATE {inches per month)
Cong. | Temp. Type Type Type Type Type Type Remarks &
Media Op 201 202 301 302 304 L30 Other | Other |References
Acetic Acid % |Room nil nil nil 1RC 11,19
nil
10 |Boiling nil nil TRC 19
nil
60 158 [0400001 0400001 |0,00001 | 04000017| 0,00001 [Tenslon|10,16,12
e O
Glacial Acetic Acid:
Vapor Boiling |0,000L |0.0010 040004 IRC 15
00020 Ut
-3
Idquid Boiling [0.00025| 000024 0.00011 - TRG 15
0,0021
Glacial Acctic 2eid | 15 |Boiling 0.0000 0.0000 15
Acetic AcideAcetic ipy 1Be5wb
Anhydride Mixture - - 0.0039 T 6" ipy |37
ipy 00025
0.002L
Crude Acetic Acide - - ipy Type 316 18545 (37
Acotic Anhydride 0.0L8k oy ipy
Hixture . 0,0175 | 0.0675
Ammonium Chloride £ |noom nil nil 0,00002 i«gg 19
Aluminum Chloride 5 |Room nil nil nil TRC [LB-10-2 |20,19
pil  hil

33 5_.:3%5%;%51} Oggg%g:;ﬁis.ﬂ%m, 0.05%C, 0412%N



TABLE Db - CDEROSICHN RATE (inches per month)
Conce|Temp. Type Type Typo Type Type Type Remarks &
F?éaéi& % Op 201 202 301 02 30k L30 Dther Other | References
Alpminum Sulfate 5 |Room nil nil nil %RCI 19
Caleium Chloride 5 | Room nil ni1* | 1RO *slight
ik A Pittding
1n
Caleium Hypochloritel &5 |Room nil il 0.0000hL %% 1%
Citric Acid 20 |Boiling nil nil 16m16wd 109
B
25 | Boiling nil nil 16
Crude Diethyl
sulfate-vapor - 122 ég i%' 37
0171 +0083
wLiq-id - | 12 %%BB i)% . 37
* L 4
Crude dimethoxy- » )
butane - 2 igg igg T% 3L 37
» £ 3
0,0002
Didhlorophenoxyethe | Cong,
and isopronyl bensoaie 248 nil %ﬂ
1 n 13w5e5 | 37

16=16~1 & 1650r, 16%0in, 134




TABLE G

CORROSINN RATE {indhas ner month)

Cong.| Temm. Type Type | Type Type Type Tyor Remarks &
Hedia £ | op 201 202 | 301 | 302 304 h30 Other |Other |Referen-es
Dloxana plus « |Room i T 6 37
8,1¢ Hater & 8% HC1 +O060 | 18=5=5
0.0035 ﬁmé{} ”
*
Dioxane plus 8% HC1 Room i 6| 13=Ewb (37
s | |
»* ‘*8 A ; 3
Dry Dioxane purged 212 %S Type 316|18=5-5 |37
with dry HCL during #0053 ir %
test . ? .{3062
Formaldehyds 22,8 878 { 040001 {0,0001 [0.0001 agram&*
3
35 185 { 0.,0001 {0.0001 [{0.,0001 ;grat@&
35 185 {040002 {0.0001|(C,0001 z;gn-aerau&d
39 235 {0,0001 {0.0001[{0,0001 gngn«-aerateé.
37 to 48 120 {0.0001 {0,000% | (0.,0001 ;;Bn-aaraz:ed
Glutaric Anhydride 313 % %mﬁ'h Type 315|18=5w5 137
DistillationeIiquid <023 L5 %}_)%0 3
+005 +030

(3



TABLE 8wd CORROSINN RATE (inches per month)

Conc.|Temp Type Type Type Type Type Type Remarks &
Media % op 201 202 301 302 3&& 130 Other Other |References
Glutaric inhydride
DistillationwVapor 31,6 i ipy Type 316 37
0.0002 0,0072 é}%@
<O0hL5
Hydrochlordic Acid 2 120 0.0008 |0,006L | 16w16w1 19
, Oe '
Lactic Acid 5 | 8 |0.,00001 0400001 |0,00001 0400001 | 16,12
10 |Boiling {0.0001[0,0002 | 16mlbwl 19
5.0001
15 |Beiling nil nil 16
50 |Boiling|0.0373 [0.0317 0.09L0 %%Lﬁ; 20mbmd (15
. 0.0278
Magnesivn Chioride 5 |Room nil nil 0.00003 % 19
Ritric Acid 5 | Room nil il nil TRO 11,19
nil
5 |Boiling |0.00003 0.00003 | 0,00003 0.00013 | IRC Tenelon|12
0400007 000007
65 |Boiling|0,001L |0.001Y | 0,00084 0,000 | THC 15,8,9,
§.0050 10,16

15=1)i=1 = 16£Cr, 15%Mn, 1ENi
20m6m8 = 20%cr, 9%Mn, 5.5ENL




TAFLE Bee CORROSING RATE (inches per month)

Cone.|Temp. Type | Type Type Type Type Type Remorks &
Media g | op 201 202 301 302 30h h3o Other Other | References
Oxalie Acid 5 |Hoom nil nil TRE 1g
nil
10 | 200 |0.0243 | 0.0235 00065 1% -1 [20-6-8 |15
20 00278
Distillation %90 5?%026 %
Vapor »
Iiquid - - ipy ‘ %m 316 37
Qn(}aﬁl %36 ?‘f’
Perflucrcbutyryl 32 i i Type 316 37
Chloride in ¥Freon »0009 <006 ipy
03,0003
Phogphoric fteid 5 |Room nil nil nil  |TRC 19
nil
10 86 000001 0.,0001| 0.,00001 0400001 | THO Tenslon | 10,12
6.00001 p.00001
10 |Boiling| mnil nil nil 15wlhio 20mGm8 | 15,10
QQOSB nil
ho | Boiling 0000 | 0.0004  |16-16=1 19
0.0005
50 |Boiling 0,0003 00001 10

9




TARLE Bmf CORAONSIDN RAVE (inches per month)
Conc, [Tenp. Type Type Type Type Type Type Remarks &
Yedlia % O 201 202 301 302 30L L30 Other Other |References
Potazsiun Hydroxide | 5 |Room nil nil nil TRC 11,19
nil
Reaction making - 19k i3 ; Type 316 37
amino = ethyl 00179 %231 %%
hydrogen sulfate 0132
Salt spray 20 |Room nil nild rild 11,23
attack | attack
Sodium Chloride 5 |#oom nil ni1l™ | pa® ¥rglight
pitting
11
Sodium Hynochlorite | 0.10| 160 ?émz gn/in? | Type 316 16-17-1 19
» 2 |Oe om/in
0.0001k |0,000136
Sodium Suifate {onc, |Room nil nil nil TRC 19
il
Sulfuric Acid 2 120 {040001 |{0,0001 | 16=16w]1 19
00,0002
S |Room nil nil 0.0025 | TRC 11,19
0.00283
5 86 0.013 0.001 | 0.001 0.3%0 TR0 Tenelon| 12
0,390 [G,200 |
1 158 [ 1.1 1.0 0.2 TRC 8

78




TABLE Bwg COBROSION RATE (dinchos per month)
v Conec,| Tempa Type Type Type Type Timpe Type Remarks &
Hedia % op 201 202 301 30 304 L30 Gther | Other |References
Sulfurous icid Cone.|Boom  [0,000k™ [0.000* 040007% 1o-))imd | 2068 |35
Vapor ' 0.0121%|0,0006%
1iquid Conc.|Room  [0,0003%|0.0002% 0,000 * 5 20-6-8 |15
0.06LT" (0.0007
Partaric Acid % |Boiling nil nil | nil | 161621 11,16,19
nil
Zine Chloride S |Romm nil nil nil | TRC 19
il
Acrylonitrite 221 nil nil Lpe 31 6 37
and VWater

9

*grms loss per 28 days
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