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CORROSION RESISTANCE OF STAINLESS STEELS AND HIGH NI-CR ALLOYS TO ACID FLUORIDE WASTLUS

T

Facinie Northwest Laboratory
1.0, Box Yoy

Richlnd, WA Y9382
(SOD)3T70-3588

D. B, Mackey

Pacitic Northwest Laboratory
P.O. Box 99y

Richlind, WA 99352
(509)376-9844

ABSTRACT

TRUEN processing ol Hanford Site waste will utilice
potentially corrosive acid Nuoride processing solutions.
Approprisne construction materials for such o processing
Facility need 1o be identificd. Toward  this objective,
candidate stainless steels and high Ni-Croallovs have been
corrosion tested in simubiied acid Duoride process solutions
at 333K, The high Ni-Cr alloys exinibited corrosion rates as
losw as 0014 mmdy ina solution with an HE activity of about
1.2 M. much lower than the 19 10 94 mma observed for
austenitic stmnless steels. At o lower HF activity (about
0.008 M), stnnless steels disply delayed passivinion while
high Ne-Croalloys display essentiadly no reaction.

I INTRODUCTION

The Transuranic Lstraction (FRULEN) process will be
used at the Haentord Sie 1o separate transurame (TR
clements trom radioactive liquidisiurry wastes o produce
P waste st Teis anaeipated that the smail-volume
TIRU stream wil eventually be processed into glass au the
Hantord Waste Matrification Phnt (WP, and the Lges
volume, non-TRU stream will be immobilized as grout,

There are thiee prineipal types of liguid slurry waste,
also called doubleshell tink (DST) waste, to be processedd:
neutrahized cladding removal waste (NCRW), complesant
concentrate waste (COY, and plutonivm linishing plant waste
(PEFPY. Waste provessing includes ditution and transfer of

IV FRN SRS
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O, Box 999

Richlind, WA 99352
(309)376:1753
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the waste 1o the TRUEX facility where it will be acidificd
tw 1o 2 M hydrogen jon concentration (H7) before the

lramsurinic elements are removed.

The contents ol the individual DSTs are stratified and
include a \':mulg.'spl' cpmpositions, some ol which are high in
Nuodide (up to 1o M), Table 1 shows the variation of
the observed NCRW waste composition in i twpicai tank,
Depending on the relative amounts ol Nuotide and Nuoride
complexing agents, such as boron, wlununumny, and zrconium,
these compositions may produce very corrosive solutions
when acidified.!

Because some ol the potential solutions are highty
corrosive, Westinghouse Hanford Company has initaed
corrosion studies ol candidine TRU pracessing plant
allovs at Pacilic Northwest Laboratony® for the US.
Department of Energy (DOE). The immediate objective off
the investigation is  the reduction ol the number of
candidate plant alloys, using uniform corronon  under
expected TRUEN chenneal processing conditions i the
enterion of worth, The simulated process solutions used as
the corrosion test envitonments (Table 2) cover the upper
ranpe ol hvdroluorie acid  activities expected for the
TRULN processing solutions. They (A and B Table 2)
were chosen to represent an extreme and an intermediate
condition ol expected corrosivity. The resulis of these
initial tests will atlow us 1o focus on specilic alloys in faer,
more comprehensive testng,

"Pacilic Northwest Laboratory is operited by Battelle Memorial Tnstitote for the ULS. Department of Iinergy under Contract

DEACO0- 76RO 1830,



TABLE [ Concentration (M) Range {or Nonradioactive
o Species in Neutradized Chadding Removal Waste
from Tank 103 AW

Cancentration Concentralion

Specic _Maximum _Minimum
Ni 159 1.08

Al 2.35 0.0016
7 1.79 0.0013
Cr 0.38 L8y 10?
K 0159 0.056

B 012 2.8x 107
i 0.47 0.011

Ca 0018 23 x 10!
e ‘ 0.021 1.8 x 109
Mi us Nt 88 x 10°¢
g 0.2 0.002

Cl 018 0.00:4
Co, 0.26 0.02
NI, 0.021 0.005
NO, 1S 0.017
NO, 0.14 0.043
OH 1,95 0.57

50, 0014 0.000

TABLE 2. Compositions of TRUEX Process Solution
Simulants

M as Z1IO(NO Y, 21O
O3 MSI as Ny SiO 91,0
001 M B as 11,80,

0.203 M Clas NaCl

FINO to obtvin LS M H!

T ~0.008 M

I BACKGROUND

HE-HNO G solutions e cotrosive (o all non-noble
metal alloy systems, The high NiCreafloys (e, eortain
Hastelloys® and Inconel™) show relitively low corrosion
rates at low HE concentrations (< 1.0 M OHEF) in these solu-
tions. The cortosion rnte increases with HE coneentration,
e e HE addition o a0 2090 nitrie acid solution
increases the cotosion e of the Hastelloys ol 383K
(SOCY from 4o T mpy o 30 10 400 mpy. Further addi-
tons resultin sadlerincreases®. Ondicjein and

MeLaughlin (1980) studied a series of 3041 and high Ni-Cr
alloys (increasing in Ni+Cr content from 3041 (o [nconel
O7H) in GO M HE + 10 M HNO and 0,10 M HE + 10 M
HNO  solutions at temperatutes up to H03K (130°C), They
measured o minimum: corrosion rate of about 25 mpy it
JIOK in 0P M HE o 10 M HNO, solutions, and
concluded that the HE concentration must remain below
000 M Tor the alloys studied to be useful in solutions
similar to TRUENX test solutions,

A number o investigators including Maness (1959,
1904)* Newby and Hoffman (1967, these have been sum-
marized by Cole 1974),7 and more recently Ondrejein and
McLaughlin (1980), have shown that the presence of metal
fons such as atuminum and zirconium in the acid Nooride
solutions substantially reduces the carrosivity of the solu.
tions. The reduction in corrosivity was observed lor 3040
and a series ol higher Ni-Cr alloys because these metal ions
(hen ALY Zet Yy more strongly complex the Quaride than
do the alloy components and reduce the HE activity in the
solutions, This is consistent with the work of” Hammer
(1979),% who determined the degree to which Nuoride com-
pleses elements such as zicconium and aluminum in acid
Nuoride solution at concentrations and temperatures similar
to those employed in this study. A simplificd relationship
based on Hammer's work s given in equation [1).

Fo(ls N JR) = [HHEHNO, |~ [HNO,) 1]
where Fiis the total Nuoride coneentration,

N,y is the average number of fuoride jons complexed
to the metal jon, and

Ris the ratio of total Nuoride jon to total
complexing metal ion,

Solution B, with a nominal F/Zr vatio (R) ol 0.950.275
= 305 and N, about 3420 has an HE activity ol about
0.008 My The HIF activity ol solution Avis about 1.2 M.
Henee, the activity of TH in solution A is about 100 times
the activity of T in solution B T i the principal
corrosion agent in these solutions, then solution A shoulkd
be much more corrosive than solution 3,

HE DESCRIPTION OF CORROSION STUDY

The present cortosion study wits carried out using
Tellon® Jars with o capacity of 0,002 m* (2000 ml.) placed
in e 333K water bath. Tellon condensers extended abose
the serew-on ids, The condensers allowed venting of the
jars 1o the atmosphere while preventing signilicant witey
Joss, AU least 125 x 10" m' (125 ml) of solution pet
0.5 em? (square inch) of submerged metal coupon was

THastelloy is atademank ol Thaynes Tntemational Company, Kokoma, Indiana,
Pincone! o tademack ol the nternational Nickel Company, New York, New Yok,
CTefon s arepistered ademark ol Dupont de Nemours, Inc, Wilmington, Delaware,



placed o each jar. Nine coupons were hung on o Fellon
specimen rack in the jars (3 completely submerged, 3 hall
submerged, and 3 hung in the vapor phase). This theee-
envitonment test covers the range ol service conditions to
which o material might be exposed as o component ol a
chemical processing system,

Rectangular corrosion coupons with nominal dimen-
sions of 381 em x 127 em < 00159 emy, with o .64 em hole
at one end, were used lor these experiments, Each coupon
witscarelully weighed (o 107 g) and measured (1o
2.5 x 107 e prior 10 corrosion exposure, Following cach
exposure period, the coupons were carelully rinsed in
deionized witer, ethanol, and vil-free acctone, in that order,
During the rinsing, cach coupon surlice was brushed with
A sol bristle brush o remove weakly adhering corrosion
scale, The removal of the scale was completed using o
wooden implement, but care was taken not o {oreelully
abrade the metal surface. Average unilorm corrosion riles
were computed lrom the measured time in the corrosion
covironment, the measared weight change, and the inical
coupon surhie arci. Corrosion rates were not caleulated
fram the weight change ol coupons that had signilicant
cortasion scale adhering to them that could not be casily
removed, as deseribed above,

Eighteen candidite alloys were chosen o cover the
range of available Ni-Cr alloys rom 3041 (265 Cr+Ni) to
Taconel 671 (49472 CreNiL Al coupons had o standard
120-gritsanded finish and were fabricated from stock having
certiticd compositions (Table 3).

INY RESULLS
A Corrosion Rates

In generall it swas observed that the vapor phase cor-
rosion was negligible except for very suseeptible materialy
such as austenitic stainless steels over solution A, The
higher Ni-Croallovs displayed litde reaction in the vapor
phascabove the solution, except for signilicant intergranulir
corrosion on Taconel 617 and some endgain pitting on the
other alloys, alb above soluton A Also, no signilicant
attwk was observed associated with the tiquid interlace,
This report theretore coneentrites only on results from the
Cully submerged coupons.

Cortosion tates i solution oAt 333K decreasad
logadithmically as the Cr+ Mo content ol the alloy inereased.
The decrease of the corrosion rate wis quite dramatic as
the CreMo content increased lrom about 187 (o 254,
The measured corrosion rate continued to decrease with
nereasing Ce+Mo beyond 257, but with a signiticantly
weaker dependence, These results e summarized in
Figure 1 There appear 1o be two trends, as sugpested by
the sohd Tines in the feure. The alloys Tollowing the trend
having the higher corrosion rate pencrally a) do not contain
minor alloying clements such as copper and tunesten, o
By are dow in chromium. Only Hastelloy 276 and Hasteloy
C-do not Lie this alloy composition patiern,

During the testy o sodinm metal fluoride seale
(deseribed in more detail in the nest section) tended (o
torm on the coupons and adhere with varying degrees of
tenacity, The data included in Figure 1 owere taken at g
point in the test where the seale influence was believed still
minimal (¢, incomplete coverage and nonadherent), In
some cases deseribed later in this section, the coupons ol
some alloys were virtually passivated by the scale. Table 4
lists the alloys plotted in Figure 1 and the length of time the
coupans were exposed Lo solution A before the corrosion
rafe was determined, Interference of the seale in accurately
determining weight change oceurred carly in testing Tor
some altoys and much later for others. The stainless steel
tests were run for only a short time because ol rapid
corrosion in solution A,

Initially, Inconel 671 showed about the same unitorm
corrosion rate as C-22 and G-30 in solution A at 333K, bul
specimens ol this alloy and the other Inconels (exeept
lnconel 628) soon developed an adherent corrosion seale.
A metaltographic examination showed that Inconel 671, 617,
and 690 were undergoing intergranular corrosion bui to dif-
ferent degrees (see Figure 2), The intergranular aspect of
the corrosion processes on these alloys is much more highly
developed on Inconel 671 than on Inconel 690,

Corrosion rates for the high Ni-Cr alloys in solution B3
at 333K (not shown in Figure 1) were generally
<0004 mmdyr (016 mpy). The stainless steels (3041, 3095,
33088 and 347) exhibited delayed passivation. “They appear
1o cortode at rates in the range of 10 1o 100 mmdye in the
First hour and then quickly slow down o about O.01 min’yr
alter 100 he Alter o few hundred more hours, the stainfess
steels exhibited corrosion rates similar to those observed for
the high Ni-Cr alloys, TCwas wlso discovered that removing
the stainless steel coupons from solution B for interim
weighings tesulted i passivation. This pheaomenon s still
under investigation and does not alter the overall result
stated above,

The phenomenon ol delayed passivation of the austeni:
tic stainless steels is illustrated by the data plotted in Fig.
ure 3. The Jog (weight oss per em? during the fiest S0 hoog
less o test) is plotted as o function of the Cr4-Mo content
for both stain®  stecds and some of the high Ni-Croalloys
for comparison. During this initial period, the corrosion
rates of the stainless steels are three or more onders o
magnitude greater than those observed for the high Ni-Cy
alloys. As indicated above, after this initial high corrosion
petiad, the corrasion rite foe the stainless steels diops to
cotrosion tate comparable o that of the high Ni-Croalloys,

B, Swrlface Scade and Filmg

Two Linds ol switface doposits formed during these
tests. One was a preen seale that formed pacticularly on
coupons in solution A Incertain cases, this scale adhered
tghtly to the test coupon. The other Kind ol surface
deposit was a subinicron-thick film present on apoarently
clean metaliic surlaces that could valy be characterieed by
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TABLE 3. Certiticd Analyses of Metal Coupons (wi€e)

Mo + Cu_+ W Nb A4 T 4 14 Si ¢ S P
0.0 .48 0.01 0.011 0.031
015 1.35 0.05 0.0403 0.029
(.25 0.56 0.03 0.001 0.022
5.30 0.70 0.02 0.006 0.018
.81 (.40 0.01 0.003 0.018
195 (.70 <0.01 0.012 0.017
0.4 LIS 0.01 0.005 0.017
5.28 0.5+ 0.024 0,001 0.015
4.50 148 0.01 0.001
9.70 1.24 0.01 <002 0.009
19.40) 0.003 <.002 0.011
10.70 0.00:4 <.002 0.009
28.50 0.05 (.002 0.003
PEN 0.27 0.00 0.001

Al-1.2
11,90 0,22 0.003 <002 <(.00S
8.90 3.00 0.025 0.005 0.008
(.54 0.01 0.001 -
0.39 0.08 0.003

"Eerralium (255) iy trademarked by Langley Alloys Limited, Buckinghamshite, England.
Cabot (B0 s trademarked by (€

what Corporation, Kokomo, Indians.
Haynes (20 Modo is a trademink of Havoes International, Kokomo, Indiana,
‘( arpenter (Carp 20 Ch3y s aademarked by Carpenter Technolopy Corporation, Redding, Pe nnsylvimio,

acoloy (Ine. 825) is o teademark of International Nickel ¢ ompany, New York, New York,
“HasteHov (Hast) is o trademark of Havnes International Company

, Kokomo, Tndiana,
Tneonel (Ine o871 i a trademark of the Intemational Nickel € nmp my, New York, New York,
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FIGURL 1 Observed Corrosion Rate in Solution A at
333K, The values plotted are taken from

Table <L

anatytical instruments, such as Auger-lon Milling and x-ray
photoclection spectrascopy (NPS).

The wreen corrosion seales, which adhered tightly 1o
some ol the coupons (e, the Tnconels 617, 690, and 671)
and loosely to athers, were analyzed by xeray difTraction and
envrgy disparsion ol xerays (using a0 seanning clectron
microscope). These analyses indicated that the green seales
were predominantly o sodium metal Nuotide (NagMael?),
swhere Me = Cr, e, Mo, and NivTypically, cither Cror Fe
dominated the composition depending on the composition
ol the alloy on which the seale formed,

ICds well known that staindess steeds and high Ni-Cy
atloys tend 1o passivate in oxidizing environments by forming
an oxide film that greatly reduees the corrosion current and
henee the corrosion reaction.” Because of the dilference in
corrosion results observed hetween the staindess steels and
the high Ni-Croalloys, and their reactions (o solutions A and
B, itwas thought that there might be correlating ditTerences
in the ovide Hibms present on theie surfaces, Therelore, Tour
pairs o coupons were chosen for surface evaluation 1o
determine iF cleardy defined differences were present. The
four pairs consisted of two cach ol the Tollowing alloys:
Cabat Q0L Toconel 025, Hastelloy C-22, and 4. One
coupon cach ol three of the paics of these high Ni-Croalloy

50

39112069.2

TABLE A Corrosion Rates of "New Plant Alloys™ in
Solution A at 333K - Rationalz for Values

Chosen and Other Observitions

Tuest Rate
Time  (mpy)
Alloy (h) nm’y Comments
304 28 (3099)  Test discontinued after
9b 25 h.
30U 25 (I1880)  Test discontinued alter
49 25 h
15,255 00 (12.9)  Rate observed before the
0,33 formation of an adherent
corrosion scale,
901 1945 (30.9)
0.78
Faynes Yss (20.1) - Heavy, unevenly distributed
M. 20 0.51  pitting,
33088 00 (753)  Test discontinued at 66 h,
19
Carp. 200 798 (55.5)  Patches of scale present on

L sample - not believed Lo
cause o sigoificant deviation
in rate,

lne, 825 774 (19.9)  Sce comment for Carpenter
51 20,
Hast, 798 (5.7)  Some grain boundary attack,
G-30 014
Hast. 1045 (o)
C-270 (L.88
Hast, 798 (1) Very light grain boundary
¢.22 QIS attack.
Hast, 13 704 1205)
5.2
Ine. 6017 060 (10.0)  Measurement made belore the

1.2 development o an adherent
corrosion seale,

Hast. 774 (16.7)
Cod 0.2
Ine, 6205 085 (15.0)  Patches ol seale present on
040 sample, not believed to cause
asipnilicant deviation in rate
Ine, 690 ) (1o0)  Measurement made belore the

4.1 development ol an adherent

cotrasion scale.
Measurement made before the
development ol an adherent
corrosion scale,

Ine. 671 00 (7.8)

0.20

coupons was exposed 1o solution A and the other o solu-
tion B The pair of 300, coupons were both exposed o
solution B oand observed (o be passivited when they had
been returned to solution Boalter an interdim weighing,
Ceupon 380 wis weighed after Tmin in solution B and
i i total exposure of 18 min, and coupon 304179 way
weighed after 90 min in solution B and had a total exposure



T e

Sy Ay e Ay
YA

incone! 671
- 710 hours

Inconel 617
+ 4275 hours

Inconel 690
+3315 hours

INN12069 1

FIGURE 2 Photomicrographs ol Polished Seetions o 'Test
Coupons ol Tnconel 6071, 617, and 690
Fiaaposed 1o Solution A at 333K Showing
Varying Degrees ol Intergranular Corroston,
I cach micrograph the maetal is at the bottom
of the picture, The dark gray phase is the
adhering corrosion seales ‘Phe houes indicate
the duiation ol the test exposune,

ol 103 min. Coupon 30479 was anticipated (o be much
closer to an equibibrium condition than coupon 34180,

These paies were subjected o surlaee examination via
Aueer-Ton Milling (o determine the oxide Titm thickness)
ard NPS o deternine the ovide filime composition). A
tivhy adherent corrosion seale (Nag Mot did not form
anthese coupons posatbly because of their smooth surfaee
testuees. The results o these evaluations are samnvarized
in Tables Smd o,

Auger-fon Milling determinations ol the oxide Tilm
thickness are summarized in Fable 50 The films Tormed in
solution A are aniform and thin, tarely o fes atom favers
thivk, Films Tormed in solution 13 are on the ocder ol
100 tmes thicker Inconteast, the onde T formaed on
A0 i salation Bris thany sinilar tor those Tormed by ihe
Bl N-Cralloss i solution A,

Fhe surlace compositions of the cotrosion product
Bl are wiven i Table oo Boaddition to the elements
metuded e the talbler carbon (up o0 300 wan o

100 -
: Solution B
T 347 33088 60 C
S
9} 30aL
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FIGURLE 3 Short Term (250 1 on test) Coupon Weight
Loss (per em®) Husteates the Bileet off
Detayad Passivindon and Sensitivity (o the
Alloy Cr-NMo Content

TABLE S Oxide Film Thickness Determined by Aueer-lon
Milling Depth Profile

oMoy Sotulion_ A Suiution 1
A04LL-7Y . o A
A0S0 . s A
wnil, RRIAN SE300 A
Ine, 623 v A 2000 A
hast, €222 1A =000 A

dicated. Poweser, carbon was not inchided in the tabu-
fted analyses beciuse adsorbed hvdiocarbon from the
atmosphete s a0 common swlace contamination: on
spectimens such as thesey and the cwbon present was
asertbed o this souee,



TABLE 60 Corrosion Product Film Composition Bascd on
NeRay XPS

Pivposed 1o Solution A Guomé)

Alloy O Coo NU Moo 18 @y N 7t Si
QUL 4080 88 33 1O 309 13 7.8

028 372 100 68 2.7 27,

o)

o222 SIS ORS00 v 22

Exposed to Solution B3 Giome)

Alloy, . O Cr NI Mo 1P Cu Na Zr i

JOHL-7Y 610 6.7 7.4 28217
OSSO 058 2SS 27 . . 20208
DRI 495 . CE 280 . . 128 88
1625 S0.4 28.2 12,6 87
c.n2 433 . . RIS - (RN

There are distinet compositional dillerences in (ilms
it Forme in contact with the two solutions. In solution A,
anoxide {ilm forms that is enciched with chromium relative
o the other alloy constituents, The Taet that there s
considerable [luorine and sodium on the surlace SUgpests
that oxytluorides and sodiuvm metal Duoride salts (the corro-
sion seale already described) are present also. 1o solu-
tion By the filovis entirely composed ol elements already
presentin the solution (except for the chromium observed
on the 30L swace), and sodium is conspicuous by it
absence,

VODISCUSSION AND AINTTIAL CONCLUSIONS

I relatively simple acid solutions with high HH activity
(ach s solution A), high NicCroalloys with =566 Mo
display uselul corrosion resistance, The stainless steels
tested do nots When the HE activity is fowered through the
addition o complesing clements (vie., zrconiun and silicon
in solution B), the corrosion rate drops, but for more
reasons than the reduction ol TTE activity, The stainless
steels tested show delayed passivation with o linal e
similar o that observed Tor the high Ni-Cralloys, Howewer,
the passivating lilm on the 304 stainless is distinetly
difterent (Tables S and 6) than that observed on the high
NECEalloys insolution 13 The passivating (il on the high
N-Crallovs is considerably thicker than that on the 341
andcould be more resistant to crosion by solution 13,

The ceritical difference between the high Ni-Cralloys
and the staindess steels with respeet to their behavior in
sotution A appeans o be their Cek Mo content (Fipure 1),

The enrichment of the metal surface in chromiom is known
o oeeur as 304 and ron based Cr Mo allogs passivate. 1t
is atlso known that malybdenum aeeclerates and may aceen-
tate the surlace chromium enrichment! The NPS sarface
analyses given in Table 6 show a progressively higher chio-
mium content in the suelace (ilm for the three alloys, winh
also coreelues with o progressively lower corrosion
(A similar measurement on stainless steel samples expe
to solution A has not been taken)) The oxide fiim obser
on the high Ni-Croalloys (Table 5) exposed to solution .\
similar in thickness o the passivating [ilm that develops
iron and iron based alloys™ and appears to be typical
such films, Regarding the amount of Cr+Mo, test resu;
appear consistent with effeets observed i similae alle
systems, The increase in the Cr+Mo o above 2006 (0 251
is necessaey for the development of effective passivating
films in acid covironments,

The sodium metad flaoride salt lilm essentindly cacased
sone ol the specimens making it impossible o get long
term corrosion results on some of the alloys by the determi.
nation ol weight chinge, (e, Inconel 671, 617, and 690,
ICappeared to be the intergranular corrasion ol these atloys
thine allowed the seale to beecome linmly anchored o the
coupon surlace, physically passivating the speciman, The
sodivm and some ol the Nuoride observed in the surlace
films (Table 6) are likely due o the presence ol the
NighMel compound previously deseribed. Fluoride could
also be presentin the film replacing hydroside in the oxide
lilm since hydrosides are believed to be present in fils
formed in other aqueous corrosion environments. The lor-
mirlion ol the salt seale oceurs when any of the alloys tested
are exposed to solution A and will need 1o be considered in
any chemical processing system built to handle a solution
similir 1o solution A,

The stainless steels and the high Ni-Cr alloys cocrode
ab simdlar rates in solution B oac 333K, though they tike
differing amounts ol time to attain similar rates and display
a distinetly different passivaing lilm alter that dme, As
deseribed in the previous seetion, the stainless steeks display
delayed passivition in solution B, i.e,, they show a linge
initial conrosion rate that deercases by several orders of
magnitude after o briel tme period (on the order of an
houry and tinally approach the low corrosion rates
(displayed by the high Ni-Cralloys from the beginning) aftes
approsimirtely 100 e When the thickness of the passivition
films are measured, one sees not only o signilicant
difference in thickness, but a difference in composition as
wello The 304L (representing the stainteas steels) has
relitively thin film when compared with the high Ni-Cr
alloys, and it is not known whether the smadl difference in
thickness ar composition: between coupons s signilicant,
The high Ni-Cralloys, on the other hand, display distinetly
thicker Litms that do notappear to contain any compuonents
ariginating from the metal substrate. Their compositions
appear 1o be almost identical. Tt appeirs that components
(i.e, silicates) from the solution may behave like inhibitors
by attaching themselves (o the surface o block the corro-
sion reaction,



There are probably at feast theee or four factors, not
“including alloy compasition and testucl propertics, hat are
controlling the corrosion rates in these tests, One Tactor s
the oxidation potential of the solution, For these tests, the
oxidation potential will be determined by the nitric acid con.
centration and the degree of solution acration, which will
wend to passivate the alloys by developing protective oxide
Films, The T aetivity is expected 1o be i depassiviting
lactor, removing metls from the passivating (ilay by forming
Huoride salts, The seale that Torms can ko passivite
sutlaee it ieis dense enough, as obserced with several ol the
Inconels, Also, there aee the inhibition elleets ol other
solution components, such as siticate, which secem (o have
deposited from solution B Henee, it should not be
expected that change in HIEF aetivity alone controls the
corrosion behavior of the high Ni-Croalloys in acid (uoride
wastes, but a combination ol interrelated factors that are
not et understood,

Futuee studies thatwill include corrosion of weldments,
crosion corrosion, stiess carrosion, and localized carrosion,
Lirosion corrosion is a potentially important phenomenon
because these alloys e passivited by a (il ol unknown
durability,  The investigation of weldment corrosion s
espueeted o reveal any problems associinted with sensitize
ton. Also, stress corrosion eracking is always a question
swhen o material Torms o passive i,

Overall, the high NECroalloys e the naeddals of
choice Lor nes plant constiuction, Presently, Hasteloys
C-22 and G are the feading candidates because ol their
superior performance in solution A at 333K 1T the
TRULEN chemical processing solutions projected Tor use
Iave an T aetivity fess than that of solution B, sone
staindess steels may be suitables However, the delayed
passivition displayed by the stainess steels in solution 13
suppests hat they be considered with caution until more
posiise corrosion resistines is observed,
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