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1.0 PURPOSE
This analysis was prepared by Wyle Laboratories for Rochester Gas and
Electric Company.
As requested by RG&E, this report provides additional analysis to sup-
plement Section 8.3 of Wyle Report 17490-1.
2,0 SCOPE
The scope of this investigation includes literature search and analysis
of applicable data to estimate the time. it would take for the 304 SST
facing panels to be corroded by the decomposition of vinylcel insulation
during a design basis accident at the Robert E. Ginmna Nuclear Power Plant.
3.0 APPLICABLE VINYLCEL INFORMATION
Further information regarding the 19-mil facing panels was provided by
RG&E: Gilbert Associates, Inc., Bill of Materials, GAI W.0. 4155
(Attachment 1).
4.0 ANALYSIS

As the-accident temperature declines and the total radiation dose to the
vinylcel increases, HCL gas will begin to evolve. Wherever moisture is
available on interior surfaces of the 304 stainless steel facing panels,
aqueous HCL will form. Neutralization of this acid will be most effective
in the areas most accessible to the containment chemical spray, that is,
along panel edges and around retaining bolts. Less accessible areas will
be exposed to hydrochloric acid at pH levels that will vary depending on
chemical spray penetration between the insulation and facing. Welded areas
that might be sensitized to corrosion are protected by acid-resistant paint
(Attachment 3).

Reference 21, Wyle Report 17490-1, reports a corrosion rate of 10 mils per
year for 304 stainless in 0.4% HCL (Calc pH = 3) at 80°F (Attachment 2).
Below about pH 4 increasing acid concentration does not greatly accelerate
corrosion of carbon steel (see Section 8.2 of Wyle Report 17490-1). Though
no specific data was located, a similar insensitivity to acid concentration
can be expected for the 304 stainless in acid environments.

Temperatures following a DBE at Ginna are postulated to be higher‘tﬁan the

. temperature for which a corrosion rate was given. Corrosion at higher

temperatures would be more rapid. Because the initial transient tempera-
ture phase is short (slightly over 1 day) and HCL generation will not occur
until the radiation dose to the insulation has reached 5 x 106 rads, only
the 150°F post-accident ambient is considered. Reference 20 of Report
17490-1 reports that the rate of iron corrosion by HCL (at low pH) doubles
for each 10°C rise above ambient temperature.. Low pH will persist in the
least accessible central section of the panels. Assuming the acceleration
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ANALYSIS (CONTINUED)

factor for iron/HCL applies for 304SS/HCL and extrapolating the known
10-mil per year corrosion rate at 80°F (26.66°C) to Ginna's 150°F (65.55°C),
corrosion rates in those areas could be as high as 160 mils per year.
Penetration of the 19-mil facing could occur in 1.4 months. Neutralizing
chemical spray could then enter through these penetratlons and retard or
prevent further corrosion.

Along panel edges and around panel penetrations for retaining bolts, chemi-
cal spray is assumed to enter behind panels and completely or partially
neutralize HCL evolved from the insulation. Fully neutralized areas would
not be subject to rapid corrosion. Slightly less accessible areas where
only partial neutralization occurs would be subject to acid corrosion.
Reference 20 in Report 17490-1 indicates that corrosion by solutions of

pH 4~10 is limited by oxygen diffusion and that corrosion rates approxi-

“mately double for each 30°C increase above ambient. Extrapolating the

known rate of 10 mils per year at 80°F to Ginna's 150°F, the expected
corrosion rate, in slightly to moderately acid areas, would be about 30
mils per year. Panel penetration could occur in about 7.5 months. As
with penetrations in lower pH areas, these areas would then become more
exposed to neutralizing chemical spray and further corrosion would be
inhibited.

Thus, for the panels to fall, it would take 7.5 months to penetrate the
panel in the areas of the retaining bolts.

The bolts are analyzed per the following. The chemical spray may neutra-
1ize the HCL in the areas of the bolts. For purposes of this analysis,
it is assumed that only partial neutralization occurs and the 30 mils

per year corrosion rate applies. The amount of corrosion of the bolts
which could result in failure of the bolt due to exceeding the failure
shear load is calculated as follows:

Shear stress calculations in panel mounting bolts:

Assumptions _

Panel is unsupported by frame work.
6 studs carry full panel weight.

Studs are in pure shear across threads.

o O O o

Panel weight is evenly distributed on studs.
Given

Panel size: 44" x 84" x 0.019" Tp 304SS

o Insulation: 44" x 84" 'x 1" den51ty 4 1b/ft bonded
‘ to panel ‘

o Studs: . 6 ea. 10-24, Tp 304SS .
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ANALYSIS (CONTINUED)

Calculations

Source for calculations: Boiler & Pressure Vessel Code

1.
2.

3.

Panel Weight:
Steel: (44™)(84™)(0.019")(0.29 1b/4n>) = 20 1b

Insulation: (44™) (84") (1%") (1/1728 ££3) (4 1b/£e2)
=11 1b

Total: 20 1b + 11 1b = 31 1b
- Per Stud: 31 1b/6 studs = 5 1b/stud

Stud Load:

- Tensile stress area of stud 0.0175 in2

- Shear stress T = 5 1b/0.0175 in2 = 286 psi
- Allowable stwess Su/8 = (66,200 psi)(1/8) = 8,275 psi
- Failure stress Sy/2 = (25,000 psi)(1/2) = 12,500 psi

Minimum Stud Area at Failure

- ”;_s. =5 lb/m:‘r“failur;a =5 1b/12,500 1b/in.%.= 0.004 in.”

- iameter = "4A/ [Pt 4(-0004/71_) = 0.022 in.,.,,.__....

Original minimum diameter of 10-24 thread = 0.136 in.
Depth for failure = (0.136 - 0.022)/2 = 0,057 in.

-

ASME Section III, Div. 1, Appendices, 1980

Design Requirements for Bolted Joints - XVII, 2460

Shearing Stress of Austenitic Steels - XVII, 2461.2
Fvb = 0.625u/5 = 1/8 Su -

Su(200°F) -~ Table I-3.2
T (200°F) - Table I-2.2
ax

The time to reduce the minimum bolt diameter by 57 mils at 30 mils per
year corrosion rate is 1.9 years.

WYLE LABORATORIES
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ADDITIONAL INFORMATION

Additional information was located on actual corrosion of 304 stainless in
acid environments containing chlorides (see Attachments 4, 5, and 6).-

Attachment 4 reports field corrosion studies for 304SS (unstressed samples)
in wet scrubber systems. General corrosion rates are not reported, but the
maximum depth of pitting/crevice corrosion was 55 mils after 5.3 months in
a refuse incinerator scrubber in which the process fluid contained recir-
culated unneutralized hydrochloric acid. A maximum penetration depth of

47 mils was achieved by 4 months exposure in another scrubber system which
used a highly oxidized fluid at a pH of 4.5 and a 1,400 ppm chloride con-
centration. '

As noted in Attachment 2, acid chloride solutions (pH below 7) could induce
stress corrosion cracking in austenitic steels at Ginna's 150°F ambient
(residual or applied tensile stress for the steel is required). Data from
Attachment 5 indicates that if the acid is hydrochloric, gemeral corrosion
is dominant. A solution containing 0.8% NaCL and HCL at a pH of about 2.2
and a temperature of 141°C did not show cracking for U-bend specimens after
10 days exposure. Cracking did occur after 30 days, but may have been due
to evaporation of the test solution during that period. When the acidifying
agent was phosphoric or citric acid, stress corrosion cracking and pitting/
crevice corrosion was dominant. '

The effect of acidified borated chemical spray solutions containing chlor-
ides on 304 stainless is presented in Attachment 6. Increasing chloride
concentration and decreasing pH were shown to promote stress corrosion
cracking. All stressed samples (U-bend) and samples "sensitized" to crack-
ing by heat treatment showed cracking after exposures to spray containing
200 ppm chloride at a pH of 4.5 for 24 hours at 285°F, 7 days at 212°F,

and 2 months storage in the spray solution at 180°F. Two (2) of four (4)

" welded and ground coupons (more nearly representative of panel retaining

bolts at Ginna) exhibited cracking in that environment. At higher pH's,
cracking was indicated as much less significant. ‘

Ginna's relatively low temperature and the moderate static stress for the
retaining bolts would reduce the probability of failure by stress corrosion
cracking of the retaining bolts in slightly to moderately acid environments.
A neutral to slightly alkaline environment is more probable for the retain-
ing bolts and such environment would not result in stress corrosion crack-
ing or significant general corrosion rates.

CONCLUSION

The panels could experience corrosion which could penetrate the panels

" 4n 1.4 months. The rate of continued corrosion would be slowed by the

neutralization of the HCL by the chemical spray and these penetrations
are most likely to occur in areas furthest from the retaining bolts.
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CONCLUSION (CONTINUED)

The time for the panels. to fall is most probably a function of the corro-
sion around the retaining bolts. The corrosion in these areas would
progress to the point of penetration of the panels in 7.5 months. 1In
order for a panel to fall, penetrations around retaining bolts would have
to be well connected. As a penetration developed, the chemical spray
would further neutralize the HCL and retard corrosion.

The time to failure of the retaining bolts is assumed to be the time
when the failure shear load is realized. This time is predicted to be
1.9 years. :

Thus, the time required after a DBE to cause falling of the panels is
between 7.5 months and 1.9 years.
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GlLBE%a’lg?\SNgdcﬁATES. INC BM symeoL
BILL OF MATERIALS SHEET NO.

BRCOKNOOD-RY
1

LocatioN:  Pittsburgh, Pa.

westinghouse Atomic Power Division

(Rochester Gas & Zlectric Corporation) ,06_, GAI W. O.
Thermal Insuviation and Refractvory CLIENT W. 0.
Robeyxt Emmet‘t Ginna Huclear Power Plant - Unit Yo,

‘4155
RH-33000

1TEM NO.

QUANTITY

DESCRIPTION OF MATERIAL

ISSUE’

OROER NO.

aP-1

T ZVISION

Jhe

v -

WS

Containnent Insulation, Herbert Construction Corporation,
shell include the furmishing, fabriccting, delivering and
installation of heat insuleticn with stainless stezel facing,
o ianclude 129 penatraticans and two hetches regquired for the
interior of the coatainment vessel to be in accordance with
GAX Specificetion SP-529G.

Johns-ilanville Vinyrlcel Insufation shall be applied to the..
axeas specified in the above gpecification as follovus:
o018" 53, =

Insulation %o be l—l/h" th. Vinylcel sh ets 1&34" x SBFRg
wil" have speciﬁed d.esign routed :edges ade. Sheet face

routed edges shall be finished with ,.//,fA,. stainless steel
p/,&/ﬂ/rﬂ/ﬁ,(/é/ﬁ#//ﬁlﬁ/;f‘ i/ Sheets to be mounted on stain-
less steel studs XSM#304 3tainless #10-2h x 1~1/2. A 1-1/8
dia. silver colored neoprens aad stainless steei ccombinetion
washer will be placed outside the sheet over the stud and held
ia place by a self-locking ctainless hex heed nut. The sheets
will have @Dmdru&ad 5/8" c‘.is.. holes and theCEENay .‘ X
mm" X 3"’““6:‘ e pay
2 N S BN ARE  s

Backs of sheets will be routed to it over the l-1/U x
cnanrels in the field. Sheets will be erccted with Lk!
dimension vertical and vervical jolnts will be staggered. A1l
sheets will be spaced appronimately L/16" apext.. The Joiats
at base of Touted edges will be tapad with 3/8" wide tape es
gpecified, #he s_o.\'-_‘&?‘?'vf"’-‘x’ AR A 4K I3 v b SIS0 LA EAT R AN R N,
nhoweCornine ERATItETCUPapplied as recormendsd by the manu-
Tacturér ©o :na.ke a "lusn £inished Joint.

At yenetra.tions, etc., wiere sheets must be cut to fit around
end butt to same, the edges shell be beveled and caulkzad as
described sbove.

derbert Construction Corzoration v:'.ll Spray og,the sheet metal
fac2 e 1~-1/2" diameter circle indicesing location of test plugs.

Vhere nlates at penetrztion arees project into the vessel
beyond the norxmal well lipe, Herbert Conssruction Corporaticn
will work cut acceptable.details in the field, by either using
thinper insulation cr developing an approved overlap at the
Juncture peint,

{Centinued Sheat 2)

A/

2

216114

GAl=-62 REV.5/#
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* **.SSUE NO.

:h‘;‘
OATE .ii-id
EDITOR 27,7
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1 g Report No. 1;490"’- ATTACHMENT 1 (CONTINUED)
‘- cILBYE 1Ef ASS0CIATES, INC BM sYMBOL  JRTHNG UOD P
o BILL OF MATERIALS sneeTno. 2
vocation: Pltisburgh, Pa.
j  CLienT: Westinghouse Atcmic Powver Division ;
LQ%?%} {Rochester Gas & Slectric Corporaticni GAl W. 0. k155
&2/ For: Thermal Insulation and Refractory CLIENT W, 0. RH=-33000
Robert Exmett Ginna Nuclear Power Plant - Unit No. 1
ITEM NO. QUANTITY . DESCRIPTION OF MATERIAL v ISSUE] - ORDER NO.
RP-1
cont. Herbert Construction Corporation shall use electric swing Y | 21611k
REVISION scaffolds to insulate the area from 16 {t above the spring

line where the insuletion is indicated to start, to the
opereting flocor. Tubular scaffold shall be used for the
balence of the side walls,

The metal face shall be laminated, the sheets shell be face
routed and drilled before shripment to the job site. Herbert
Construction Corporation shall store sheets on job site in
area provided. Herbert Consiruction Corporation shall exect
2 smell fab shop on the job site. Herbert Construction
Corporeation will keep CO2 fire extinguishers on the scaffolds
and in the aveas they are working. Herxbert Construction -
Corporation shall hang a tarp from the bottom of the swing
scaffolds as a safety measure.

Herbert Conmstruction Corporation will secure from material
vendors certificates as speeified. Herbert Construction
Corporation shall guarantee vorlmanship for a period of two
years after instellation.

(321.5)

Zaginsering and price to be in accordance with Herbexrt
Conatruction Corporation Quotation dated January 8, 1968
and telegrems datad January 10, 1968 and January 12, 1968
ard loviters dated February 6, 1568 cnd iMarch 7, 1568

«

Delivery and Install- ’
etion of Material: On approximately Merch 1, 1968 Herbert
‘ Comstruction Corporation shell start the

insulation belqw- the operating floor,
wvorking in conjunction with the Bechtel
Engineers as to what arcas should be
done first, etec. The sacond phase con-
sisting of the aresa sbove the operating
flcor would bYe done latexr in the yeear.

Delivery regquired: Februery 15, 1968

©
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GAl=62 REV.S/¢
Issue NO. < {2) :
DATE ;.""‘;*68 3-3,9-68
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' ; - Report No. 17430-2 @ ATTACHMENT 2 (CONTINUED)
. of ¥ ’ - Table 12, Corrosion by Spmypietditns 4 Inorganic Compuunds
» - -
‘ Col d and T ture, Corrosion, | C. d and T ture, Corrosion,
) : %% cancratration Steel bt b mpy | € coacentration Stevd e woy
H 30 ammonium arsenats ..... 304 Bolling ) 30 50d1UM 3UIAAY veveneeeses 308 .13 9.1
i’ 10 ammonium chloridg ..... 318 . Bolling <1 30 sodium sulntde ... . 36 f 130 a1
0.4 hydrochloric acid ceeeeees 304 g 10 40 sodlum sulfide ... bl Bolling 13
j 04 g;dmchlor!c scld ooooiel. 316 . 120 s 40 sodlum sulfde ... . 316 Botltng as
30 manganese chlortde ...... 304 iy 194 0.7 6 sulfurous acid .. 3 104 0.1
. 30 mangancse chlorida oeess 367 194 07 |6 sulfurous acid -LLLl d0d o 18
s oride n
? 3:;::::‘;1:“;;“ g ﬁox:né: :':‘ 100 SULTUr CRIOTIAQ «vveeesses 410 ol 33
~ 40 sodium bisulfida omeessss 316 Boling 11 tedls, “Tonta Tuade 15 the fabortary, s Al wlutions from CP chems
Ve Table 13. Cotrosion by Stannous Fluorlde  mixed with sulfonation products. At 140 quate (3 to 15 fps) to keep all solids sus-
P corrosion of serfes 300 steels is exces- pended. Charring of organic matter or
ton sive. Corrosion rates at these tempera- deposition of scale (such as calclum sul-
} ot JOTTOUD, MPYTL L tures are reported in Tables 14 and 18. fate) may result in pitting and perfor- s
If accuracy of parts is essential, a3 in  ation. The surfaces should be kept
392 . ... ... valves and control instruments, or if clean during shutdown perfods,
09 None 039 velocity of liquid Is high, as in pumps or Corrosion Fallures, Organic acids and
038 = None 079 mixing operations, corrosion rates are traces of inorganic salts contributed to

1.81(a) ... .o

tsssscscssen

i " (a) Btatned black

Table 14, Corrosion by 789 Sulfuric Acid
Mixed with Sulfonation Products .

-
8

4 ~~Corrosion, mp!
Alloy 80 F 140
K TYDO 318 cevesscecnnces 02 20
3 Hastelloy B , 0.6
Hastelloy C ... 1.3
3 3.0
el 8.0}
Mild 8 cesesscscrcns . 134. -~

l : .
. Table 15. Corrosion by Spent Sulfuric Acid
after Separation of Sulfonation Products

~—=CorTosion, Mpy=-—
0 F

ﬁ '

Alloy 0F

* TYPO 318 ceececsnneannes 021 15.12 °
® NO. 20 vucenace . 0.08 5.94
Inconel ....ee 0. 1935
AMild steel saaannsa 189 3.6

In repalring equipment that has been
in sulfide service, ‘the surface should be
cleaned thoroughly by abrasive blasting

- before welding, to avold weld cracking.

Stannic Chloride

Types 304 and 318 have satisfactory
resistance to aqueous solutions of stan-
nic chloride at temperatures to 200 F for
concentrations not exceeding 1%. Type
316 is more resistant than 304 and has
fair resistance to solutions of 10 to 15%
at 70 P, but is unsatisfactory at higher
temperatures and concentrations. ’

»2 Wb N

-~

»

Stannous Fluoride

Laboratory tests mads at 200 P with
aqueous solutions ranging from 2 to 50%
by weight indicats that stannous fluoride
solutions can be handled {n equipment
made of the series 300 stainless steels. A
maximum rate of 3.9 mpy was obtained
in a 2% solution. With allowance for ex-
perimental error, all rates either decreased
or remained the same with increasing
concentrations. No tendency toward pite
tng could be found, and stressed horse-
shoe-type specimens of 304 and 316 tested
for stress-corrosion cracking did not fatil,
Table 13 summarizes these tests.

Sulfation and Sulfonation B
Products

- N
.

bon steels have low corrosion rates In
oleum (fuming sulfuric) and sulfuric acid
of more than 809 concentration at room
temperature. At 100 to 1039 there is a
distinct riss in the corrosion rate with
carbon steel. Above 103%, both stainless
and carbon steels have satisfactory cor--
rosion rates, Steels of the 300 serfes are
satisfactory for sulfonation practice at

[ RLLUT.

.

i

room temperature with 789 sulfuric acid

L3

The susténitic stainless steels and car- .

excessive, and steels such as CN-T™ and
nickel-bass alloys are needed. The neu-
tralized products of sulfonation may
separate when stagnant, and the serfes
300 steels can be severely pitted by the
resuiting diluted acid.

Sulfuric Acid

‘The 18-8 varieties of stainless steel are
resistant to corrosive attack hy sulfuric
acld within rather narrow ranges of cone
centration and tem ture

perature,
Although the stainless steels may be .

used safely in contact with 80 to 100%
sulfuric acid at ambient temperature
(carbon steel is o used {n this
range), they are attacked at slightly
higher temperatures. One to 5 sulfuric
acld at amblent temperature should not
be stored in vessels of molybdenum-free
stalnless steels. Type 316 may be used
for this purpose; 317, with a higher mo-
lybdenum content, may be used safely in
this range of acid concentration at tem-
peratures as high as 150 P,

Alloys such as No. 20 and CN-7M resist
all concentrations of sulfuric acid at
temperatures to 140 F, and to the bolling
point for concentrations to 10z, but do
not resist all concentrations over a wide
range of temperatures.

The preceding data‘pertain to pure sul-
furic acid. The addition of oxidizing
agents (such as nitric acid, air and cop-
per salts) will widen the range of ap-
plcability of all stainless steels; reducing

,agents (such as hydrogen) will narrow

the range of usefulness. If other than
pure sulfuric acid is used with stainless
steel, corrosion tests must be made under
conditions of operation in order to evalu.
ate the usefulness of the alloys.

Only those concentrations of sulfuric
acld and temperatures should be used
that have given satisfactory results in
corrosion tests. Tests should include an-
nealed, sensitized (1200 F for 8 hr),
s and crevice-type specimens,

Agitation and aeration In stainless steel
equipment and the velocities of sulfuric
acid solutions in piping should be ade-

the corrosion fallure of welded zones in
& steam-jacketed kettle of type 316 used
to heat 4% sulfuric acid {n methanol.
The Interior surfaces of tha kettle are
shown in Pig. 8. This fallure could have
been avoided or delayed by the use of
J16L or by fully annealing the kettle

The corrosion failure of Van Stone ends
(type 316) on a continuous converter for
sugar solutions is shown in Fig, 9. Crev-
{ce-typa’ corrosion in the flanged ends
was increased by a carbonaceous deposit
at these points. The solution contained
sulfuric acid at pH 1.8 and was held
between 275 and 325 F. Since the ends
had not been annealed after forming,
corrosion was Increased by the severe
stresses developed in the fanged areas.
The corrosion could have been curtatled
by using ends with a thicker wall and an-
nealing, and by cleaning the deposit.

Sulfurous Acid and
Sulfur Dioxide

Stainless No. 20, types 316, CF-8)M, 317
and CN-TM have been used in equipment
{or -sulfur dloxide (wet) and,sulfurous
acld environments. The “molybdenum in
these alloys gives the required resistance
to reducing environments of sulfurous
acid. The wrought type 316 and cast
CF-8M alloys are the most widely ysed.

Complete suspension of any solids
present {s necessary to avold crevice-type

itting.. Figure 10 shows pitting and per-
oration of a Van Stone flanged end of
304 stainless welded to a tube of type
316; the latter did not corrvde. Crevice
pockets, lapped foints, 90° corner inter-
sections, and simllar obstructions should
be avolded, and the surfaces should be
clean and smooth.

Cold and hot working should be limited
to minor forming operations that will
keep the hardness of the steel below
Rockwell B 96. Stress-corrosion cracke
ing can oceur in steel exposed to sulfurous
actd solutions containing 100 ppm or more
of metal chlorides.‘
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ORROSION SERVICE IN CHEMICAL PROCUSNMNG -

s L. 570 SELECTION OF STAINLESS STEEL
N
in the process, destroys the passivity of Table 6. Corrosion in Formic-Acetic Acid Mixtures .

} stainless steels. Mixtures of acetlc acid T Acid t, % Corrosi
o .w“'h O‘hu ulds—es ml Sulfnrlc‘ m- emperature, ¢ d content, . werosion,
o, drochloric and iomlcp—c-cmag produce cona it i Aceue _Formie ey
o B ditions more corrosive than acetlc 8Cd 304, M7 veceenarmrencrosescrscaravonee 223 30080 2t010 (a)
f’?_:g Lst f i itself, particularly-at high temperatures. 318 .....c.oveene vessasacenss 223 30 to S0 2t010 3to20
-i:ﬁ:,, L The data in Table 6 emphasize that slight 317 ceovieennenee 223 0ts0 2010 2t0 11
_aat * . changes in solution concentrations CaAll 316 ....cavecesee cesvecsssnss 200 10 230 Glacial 0 <13
’,;;\';; g have z s(gmﬂca.m. effect on corrosion rates 316 ... esesesssases 200 0 230 Glacial 4 33 ~
TXIn ) and that suitable corrosion tests must be 216 ... 220 25 125 1.5
Ipil i made whenever any change in operating 317 . 123 <10
el A conditions i{s contemplated. s . 4 3.0
Hatt 3 i Stainless steels are not always satisfac- 317 ,.... H 29
K574 S tory for contact with hot solutions of 321 347 4. (a)
sni:tyo acetic acld of concentrations greater than
S o 5% comeine S n o
Sag ucing a such as .

i g agent ( Bromoform it and at the liguid level. The products of

Y,
.

- oxidizin ts such as sodium dichro’
. S be addes sulfation, which may retain chlorides,

1 . ma be added to the acetlc scld, the

,‘:2 . use?mmlf}; 57 tbe stalnless steels may be Type 304 generally 13 satisfactory for cause stress corrosion and sometimes se-
i P L e e b, S, S o, 1o plkng s sl aod s of
A « sut!l handlin g 99.5% scetle ; ever, we e austenitic s 0 e ¥ an-
s In 8 the sen"'lce life bromoform will discolor slightly. If a ‘nealed whenever this is feasible,

acid lquors and vaf water-white product {s required, stainless

EY

a&.g R

RS B of the heating colls of 316 varied from

e 30 ten months to five years. Corrosion tests  steel Is not suitable. Epichlorchydrin ’
iy have also shown that In boliling 75% . .

g Chlorinated Solvents Fallure In processing equipment te:g

acetic acid vapors, both 304 and 316 were

9
v o
I

AT N
=37 susceptible to severe pitting corroston. In stress-corrosion cracking was co.
R somepboumg 1iquors where excesstvely se- m'zz:f hatloglen derivatives of methane, by Jaboratory tests with horseshoe speci-
Bk by vere_ corrosive conditions exist (for ex- SoAATT., T hyu;:f-’gmmel and benzene mens at 140 P. Types 304, 316 and 347
Beil R ample, where acetic acld Is contaminated :J::anln 4 d dry cleaning, metal  cracked In a seven-day test. '
{:,.. N with various chlorides) nickel-base alloys ug- vapor degreasing and solvent
A A such as Hastelloy C have proved more SXtraction processes, and as chemical in- Fatty Acids
g3l resistant than stainiess steels, and thele  {STmedialey, The compounds of primery

A - i o

5 use is justified economically by the longer form, carbon tetrachloride, ethylene di- The fatty sacids of lower molecular

welght, such as acetic and formic, require
the use of 18-8 stainless steels (see sece
tion on Acetic Acid), The following dis-
cussion is concerned with the aclds of
higher ‘molecular weight, such as Jaurie,
myristic, palimitic, and stearic, which are

P

o

life of equipment.
The CF-8M cast alloy is generally used
- with the 18-8 types of wrought steels be-
cause its resistance to pitting attack {s
greater than that of CF-8. To obtain
¢ service comparable with that of the 18-8

chloride, trichloroethylene, perchloro=-
ethylene, methyl chloroform, propylene
dichloride, dichloroethyl ether, monoe-
chlorobenzene and orthodichlorobenzene.
They are used individually as chemically

TR
i
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molybdenum types of wrought alloys, the
chromium content of cast alloys should
be on the high side of the ccmposition
range. Casting should be fully annealed
for best service.

: Ammonium Sulfate Plus
Free Sulfuric Acid

Types 316 and CN-TM are used in this
service. Before these steels were avall-
able, construction was simost entirely of
lead, which was subject to fatigue crack-
ing, and occasionally of silicon iron, which
iz brittle, thus requiring continuous main-
tenance. The 18% Cr and 18% Cr-38%
Ni steels became pitted and underwent

pure or commercial grades, as mixtures,
or with other compounds to control boil-
ing polnt, f{reezing point, solvency, and
nammmw of mixtures, .

teels are not corroded by -

ess 8
chlorinated solvents when water is abe
sent; but when a water phase is present,
the compounds hydrolyze to form hydro-
chloric acid and sometimes organic acids.
Although the presence of metallic nate-
rials usually increases the rate of decom-
position, stainless steels do not, and their
use in equipment for handling chlorinated
solvents 1s generally satisfactory. The cor-
rosion rate of type 304 after 12 days in
wet chlorinated solvents at refluxing tem-
peratures is shown in Table 7, These data
arte from laboratory tests with mixtures

less corrosive. At temperatures to 150 F.
cheaper metals such as carbon steel and
aluminum are moderately corroded, but
if color and absence of contamination of
the product are important, the 18-8 steels
should be used,

If the temperature is below 350 P, all
standard 1848 types are satisfactory:
above 350 F, type 316 is needed to avold
pitting corrosion.

Corrosion {n fatty acld vapors 1s no
greater than in lquild, except at high
vapor velocities. Under these conditions
corrosion-erosion rates have been lower
in type 316 than in types 304, 321 and 347.

Pitting and loss of surface metal ars
caused by high-temperature plant proce

(Fig. 6). There are no reports of

. sevére corrosion. esses
,~ s T sen when propely heat O Sy 400 waien o e ome hifd ST O I B
* treated after welding; oth heav¥  one third in the water layer and one granular failures in 18-8 stainless steels,
3 intergranular corrosion occurs adjacent in the vapor phase. - Cast alloys, Including type CN-7M, have
‘. Consideration should be given to' the been satisfactory. The molybdenum-bear-

to the welds, When extra-low-carbon
ﬁaln&stst!;el 13 used (t.yped 3168L) heat
eatmen! unnecessary and large tanks

can be fabricated, Such tanks have been

« in service for several years with no evi-
dence of efther general corrosion or inter-
granular attack, CF-8M and CN-7M cast-

ings heat treated after casting are also
useful, although if the casting skin is

ing wrought steels and the newer precipi-
tation-hardening stainless steels have been
used for pump and valve parts where
galling is a factor or where hardness of
1s desirable. High-nickel cast fron
given satisfactory service in fatty

acid at 500 P\,
Fatty aclds mixed with.chlorides cause

3
e

use of types 316, 317 or No, 20 for appli-
cations where pitting is encountered. In-
tergranular attack occurs sometimes at
welded joints; tests should be made.
Stress-corrosion cracking may also be en-
countered in equipment handling chlorine
ated solvents,

A
-

A g

2
e
S
‘gﬁ“_fﬂu

e
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4

LY - dama; corrosion may oceur. Cas H s fallures by stress-corrosion cracking (Fig. -
Tl ol T R R R oo st smtntor, | et S s S
P w ) ey ough carbon are’satisfactory -
el corrode mmunlﬁfim adfacent to the chiorosulfonlc acid below the lquid slon rates of stainless steels, Factors that

for o
level, type 3 hi, < contribute to such variation include un-
< 17,97 higher alloys are recom- | own-dilutlon of the concentrated sul-

ond tan pors
mended for withstanding the yapors above £ PalT 13, the molsture inherent in the

' | ' atoa  Combeion - Tates  encounered
. 5 . a on, Corrosion - ral encoun
Loss of Type 347 - with acidulated fatty acids of higher
molecular weight with steam agitation are
reported in Table 8.

: Hydrochloric Acid (Dilute)
¥ Although types 316, 317, 329 and No, 20,

34

7

welds, Pretreatment of the steel by passie
vation is not required.
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i ! T AA and the cast alloys CN-TM and CF-8M
L3t R Le? 7 find some use in very dilute aerated hy-
wed : 3 : drochloric acid environments, stainles:,
X & UESY P steels are not usually recommended for
PATIC this service,

Solutions containing chloride salts at
pH below 7.0 are essentlally hydrochloric
acld environments. Pitting and stress-
corrosion cracking are encountered at aclé
concentrations Jess than 1%, depending ot

the temperature, aeration and agitation.

Bimetallic couples between stainlest

: !’\',:S '. . 2 .‘

e =y
o

A 3
1

Fig. 6. Weld metal and pipe of type 316 and ‘flange of fype 347 corroded byt

-~y
o
»

Jatty acid at 400 F
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SELECTION OF STAINLESS STEEL FOR CORROSION SERVICE IN CHEMICAL PROCESSING

and other alloys should be avolded, since
corrosion may be accelerated at thelr
junction. In such couples the stainless
steel may become the anode in dilute hy-
drochloric acld, resulting In loss ‘of
alvity and rapid corrosion. '
Corrosion Fallures; Hydrochloric acid
at pH 20 to 4.0 and 120 to 180 F has.
caused pitting and subsequent fallures of
heat-exchanger tubing and heating coils.
Calcareous scale has induced pitting fail-
ures. Activated carbon that settled out

has caused pitting of heating colls and .

tank bottoms (type 316). .

¢ ]
Stress—corrosion cracking of heat-ex-\

changer tubes has occurred at.pH 4.0 and
160 P, Excessive stresses were Induced
{n the tubes when a flcating head on the
heat exchanger became “fixed”. Bending
of tubes between baffie supports has in-
duced stress-corrosion cracking of tubes
of 316 stainless steel, Excessive rolling of
tubes into the tube sheets. has induced
Stress-corrosion cracking of the tubes just
adjacent to the sheets, .
Weld deposits of type 316 on sheet of
grade have corroded, weakening
the joint. Weld deposits using an elec-
trode of type 317 or 310-Mo have im-
proved the corrosion resistance of these
welds. Weld-sone attack has been ob-
served In type 316 linings for steel tanks
handling acidified starch slurry at pH; 2.0
and 120 P, 3
Covers and vents from =acidified starch
slurry tanks ususlly corrode rapidly. Con-
densed vapors of dilute hydrochloric acid
environments are usually more corrosive
than the liquid phase. Stainless steels are
usually unsatisfactory for tank covers or
vent piping for such tanks.

Hydrocyanic Acid

Pure hydrocyanic acld is not corrosive
mh mos:‘bxﬁ\‘ated sga.!git coxlutru&tziga. bu:
when s z polyme on a
elevated temperature by the addition of
acldic materfals, {t becomes corrosive to
steel, copper and aluminum. The straight-
chromium stainless steels are not recome-
mended for use with stabilized hydro-
cyanic acid solutfons.

The austenitic stainless steels resist
corrosion by hydrocyanic acid that cone
tains small amounts of sulfur dioxide as
& polymerization inhibitor, at all concen-
trations and temperatures to the bofling
point. Types 316 and 317, as well as CN-
7M and CP-8M, have greater corrosion
resistance than the stainless steels with-
out molybdenum. The unstabilized steels
should be fully annealed to prevent inter-
granular attack {n these solutions.

Lactic Acid

Types 304, 316, 317, No. 20, CN-7M and
CP-8M have limited use In lactic acid
solutions. The molybdenume-containing
varieties generally have greater corrosion
resistance than type 304.

Purity, concentration, temperature,
aeration and agitation are envifonmental
{actors that determine the type of stain-
less steel for use in process equipment.
The presence of chlorides or sulfates in
lactic acid solutions increases the sever
ity of corrosion. Impure solutions from
which lactic acid {s uitimately separated
and concentrated are usually more cor-
rosive than the purified solutions, Stain-
less steels are not suitable for use with
lactic acid above 200 F.

Heating colls or heat exchangers for
lactic acid should be designed for use with
hot water or low-pressure steam, Decom-
position of lactic acid with formation of
carbonaceous deposit on heating colls
can result in pitting and perforation
under these deposits,

Temperatures above 200 P, concentra-
tlons of lactic acid ranging from 30 to
70%%. and the presence of chlorides or
inorganic Impurities usually {ncrease se-
verity of corrosion. Use of type 304 should
be limited o vessels for storing pure
solutions at temperatures below 100 F.
Distllation of lactic ac!d causes corrosion'”
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Fg, 7. Stress-corrosion cracking caused in type 304 Dy citric acid and salt at 212 F

by the vapor phase, and If lactic acid
esters and volatile acid impuritles are
present, pitting attack will result.

Corrosion Failures. Pitting failures In
‘heat for lactic acld solutions
have been reported. Ona failure of this
type was lUmited to surfaces covered by
the lquid, particularly {n the of the
tubing where sollds have settled out.

Weld-zone attack and corrosion failures
have been reported for type 304, but rare-
ly for type 316, The weld-zong failures
were In s ess strels that were not of
the extra-low-carbo. variety and had not
been annealed.

Monoethanolamine

Stainless steels have excellent resist.
ance to corrosion by moncethanolamine
and by monoethanolamine saturated with
carbon dioxide plus oxygen, at tempera-
tures to 200 P, Stainless steel is used in
preference to carbon steel In process steps
where carbon dioxida is strip from
monoethanolamine — for example, in re-
boflers, exchangers and parts of frac-
tionating columns., For heat exchangers,
a common practice {s to specify stainless
steel only for tube bundles having 150-psi
steam Iinside and moncethanolamine that
is rich in carbon dioxide outside. Type
304 is adequate.

Experience has been variable with
stainless steel in monoethanolamine solu-
tions as used in processes for removing
hydrogen sulfide or carbon dloxide from
natural and refinery gases. Probably
about one fourth of the amine gas treat-
ing plants make some use of stainless
steel piping and vessels. Remed!al process
changes can often be devised to avoid the
use of statnless,

Nitric Acid

Stalnless steels, first used commerclally
on & large scale {n service involving nitric
acid, continue to be used in such instal-
lations, These first applications were "of
15 to 18% Cr steel (now type 430) and
soon thereafter of 18% Cr=8% Ni steel
(now type 304). The necessity for proper
heat treatment to prevent accelerated

JSorrosion and (ntergranular attack In
nitric acld was demonstrated at once
through service fallures of improperly
heat treated and as.welded equipment.
‘These difficulties were eliminated by post-
fabrication heat treatments involving slow
cooling from about 1450 P for type 430,
and rapid cooling from sbout 2000 P for
type 304. Subsequently, for the austenitic
grades, the use of stabilizing elements
(particularly columblum in type 347) and,
more recently, reduction of carbon content
to 0,03% max (t 304L) have been
effective in controlling this problem with-
out the necessity for quenching fabricated

equipment from a high«temperature heat -

treatment. In the as-welded condition,
304L and 347 show satisfaciory resistance
to corrosion by nitric acid and are there-
fore suitable for deld-erected equipment.

Where corrosion rates on equipment
must be held to less thain S mpy, types

304L and 347 can be used with nitric acid
{n concentrations up to about 40%, at the
atmospheric boiling point; 40 to 70%, to
about 173 P; and 70 to 90%, to about 120
P, For a n rate of S0 mpy max,
the corresponding limits are approximate-
ly 40 to 70% concentration of nitric acid
at the bolling point: 70 to 90% at 160 F,
and $0% at 85 P, If the acld is recircu-
lated 30 that corrosion products accumu-
lates, attack in hot solutions at the higher
concentrations is accelerated when the
chromium in the acid exceeds a certain
level, With bolling €5% nitric acid, the
Umiting chromium content of the s0-
lution is about 0.005%, above which cor-
rosion Increases rapidly with further in-
creases of chromium in the nitric acid
solution. Under thesa conditions, corrosion
i{s Intergranular, even with the stabilized
or extra-low-carbon grades.

Corrosion by nitric acid in storage is
slight for concentrations to about 94%,
but the acld condensate is of higher con-
centration, and attack becomes appre-
clable on the part of the tank exposed to
the condensate (Table 3). (Aluminum is
commonly used for storing 95 and 98%
nitric acid, but its resistance decreases
rapidly with decreasing concentration:
consequently, exposure to the dilute actd
must be avolded.) Corrosion data for spec-
imens of 347 and 430 steels for various
concentrations of nitric acid at 72 P are
compared in Table 9. In hot concentrated
solutions where attack is too severe'to be
tolerated, high-silicon iron can be used
if its mechanical properties are suitable.

In reactions under pressure and at tem-
peratures considerably above the atmos-
pheric bolling point, corrosion rates of
all the stainless steels increase rapldly
with both temperature and concentration;
under theses conditions, only very dilute

nitric acid solutions can be handled suit-

Table 7, Corrosion of Type 304 After 12 Days
in Wet Chlorinated Solvents at Refluxing
Temperatures

Corrosion,

Solvent mpy

Methylene chIOHAS veverereeeronsneense O

Carbon tetrachloride . $5.0
Methyl chloroform . 10.0
Trichloroethylens .. 02
Ethylene dichloride 03
Perchloroethylene .. . 01
Propylens diChlOrido vceevcrecscaroeces 17.0

One third of specimen was in solvent
1ayer, one third tn water layer, and onoe third
in vapor phase,

Table 8. Corrosion In Fatty Acids Acidulated
with Sulfurie Acia

(Bteam agitation)
Temp, ~~~=Corrosion, mpy==—,
Fo Ot * P

Sulfurio

aoid, 7o
001 sevnsenans. 205 154 8.0
ol 738 3.3
3.0 480 19.2
10 seee .3
23 sese 467
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SELECTION DATA
GENERIC TYPE: Modified vinyl-alkyd.

GENERAL PROPERTIES: Rustbond 8 HB is excellent as a
primer for bare stee! and a tie coat for the following generic
coatings: vinyls, catalyzed epoxies, epoxy esters, chlori-
nated rubbers, alkyds, acrylics and acrylic latexes. Material

Qpért: No. 17490-2
Page.Now 13 . ...
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dries quickly permitting rapid topcoating. Provides good .

weathering and corrosion resistance for a single package
material.

RECOMMENDED USES: Developed specifically for use as
a primer and universal tie coat for most generic topcoats.

-Rustbond 8 HB is an excsallent shop primer. For mainte-

nance, Rustbond 8 HB permits topcoating, thereby reduc-
ing the possibility of surface contamination. This product
will find applications wherever an economical, fast drying
primer requiringexcellent topcoat compatibility is specified.

NOT RECOMMENDED FOR: Heavily rusted or pitted sur-
faces or immersion servica.

CHEMICAL RESISTANCE GUIDE: (with suitable topcoat)

Splash and
Exposure Snillage Fumes
Acids Good Good
Alkalies Fair Fair
Solvents Fair Good
Salt Very Good Very Good
Water Very Good Very Good

TEMPERATURE RESISTANCE:
Continuous: 160°F (71°C)
Nongontinuous:  200°F (93°C)

FLEXIBILITY: Excellent WEATHERING: Very Good

[
ABRASION RESISTANCE: Good

SUBSTRATE: May be applied over properly prepared steel,
aluminum or others as recommended.

TOPCOAT REQUIRED*: May be topcoated with acrylics,

chlorinated rubbers, vinyls, catalyzed epoxies, alkyds or
others as recommended.

Oct. 80 Replaces Mar. 78-N

b ime e

product aata sheet

RUSTBOND 8 HB

» v erpa 6o e sgr v

* 314-644~1000-

P I R

COMPATIBILITY WITH OTHER COATINGS*: May be
applied over tightly adhering vinyls, chlorinated rubbers,
acrylics, alkyds, catalyzed epoxies or others as recom-
mended. May be used over inorganic zinc primers for non-
immersion, atmospheric exposures.

*NOTE: A test patch is recommended to assure adl_msion
of Rustbond 8 HB over other coatings or the adhesion of
topcoats to Rustbond 8 HB.

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA-

TERIAL:

Rustbond 8 HB 42% £ 2%

RECOMMENDED DRY FILM THICKNESS PER COAT:
2-3 mils (50-75 microns).

THEORETICAL COVERAGE PER MIXED GALLON*:
674 mil sq. ft. (16.8 sq. m/l @ 25 microns)
269 sq. ft. at 2% mils (6.5 sg. m/l @ 65 microns)

*NOTE: Material losses during mixing and applicati_on v'vill
vary and must be taken into consideration when estimating
job requirements. e R

SHELF LIFE: 12 months minimum.
COLORS: Red, Off-White, Gray.
GLOSS: Flat.

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative
or Main Office. Terms — Net 30 days.

SHIPPING WEIGHT:. . :
1’s 5%

Rustbond 8 HB “  1Mibs.(50kg)  55Ibs. (25.0kg)
Palyclad Thinner 9 ibs. (4.1 kg) 45 ibs. (20.4 kg)

Carboline Thinner #25 9 1bs. (4.1 ko) 45 1bs. (20.4 kg}

FLASH POINT: (Pensky-Martens Closed Cup)

Rustbond 8 HB 52°F {11°C)
Polyclad Thinner 73°F (23°C)
Carboline Thinner #25 77°F (25°C)

To the best of our knowledge the technical data contained hergin are true and accurate at the date of issuance and are subject to g:hnngo
without prior notice. User must contact Carboline to verify correctnass before specifying or ordering, No guarantee of accuracy is given or
implied. We guarantee our products to conform to Carboline quality control, We assume no responsibility for coverage, parformance or injuries
resulting from use. Liability, if any, is limited to replacement of products, Prices and cost data if shown, are subject to change without prior
notice. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY THE SELLER, EXPRESS OR IMPLIED, STATUTORY,
BY OPERATION OR LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. .
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APPLICATION INSTRUCTIONS

ReporE-No. 17490-2 .
Page No. 14

These Instructions are not intended to show product recommendations for specific servico. They are issued as an aid in determining correct
surface preparation, mixing instructions, and application procedure, It is assumed that the proper product recommendations have been made,
These instructions should be followed closely to obtain the maximum service from the matarials.

.

SURFACE PREPARATION: Remove any oil or grease
from surface to be coated with clean rags soaked in Carbo-
line Thinner #2 or toluol.

Uncoated Steel: Dry abrasive blast to a Commercial Grade
Finish in accordance with SSPC-SP6-63 to a degree of
cleanliness in accordance with NACE #3 to obtaina 1/2 to
1-1/2 mil (12-40 microns) blast profile. Note: Power Tool
Clean per SSPC-SP3-63 is acceptable.

For application over existing coating, the surface must be
clean, dry and free of any contaminants,

MIXING: Mix to smooth consistency before thinning. Thin
up to 25% with Polyclad Thinner if necessary. Use Carbo-
line Thinner #25 for brushing or rolling'or for temperatures
above 85°F (29°C).

APPLICATION TEMPERATURES:

Material Surfaces
Normal 60-90°F (16-32°C) 65-85°F (18-29°C)
Minimum 45°F (1°C) 35°F (2°C)
Maximum 100°F (38°C) 150°F (66°C)

Ambient Humidity
Normal 55-100°F (13-38°C) 10-85%
Minimum 40°F (4°C) 0%
Maximum 120°F (49°C) 95%

Special thinning and application techniques may be re-
quired above or below normal condition.

SPRAY: Use adequate air volume for, correct operation,

. Use a 50% overlap with each pass of the gun. On irregular

“wam
N

surfaces, coat the edges first, making an extra pass later.

NOTE: The following equipment has been found suitable;
however, equivalent equipment may be substituted.

¥

Conventional: Use a 3/8" minimum 1.D. material hose.

_Hold gun 8-10 inches from the surface and at a right angle

to the surface.

Mfr. & Gun Fluid Tip Air Cap
Binks #18 or #62 66 66PB
DeVilbiss P-MBC or JGA E 704

approx. 0.07 1.D.

Airless: Use a 3/8" minimum 1.D. material hose. Hold gun
12-14 inches from the surface and at a right angle to the
surface.

Mfr. & Gun Pump*®

DeVilbiss JGB-507 QFA-514

Graco 205-591 President 30:1 or Bulldog 30:1
Binks Model 500 Mercury 5C

*Teflon packings are recommended and available from
pump manufacturer. Use a .018"-.022" tip with 2000 psi.

BRUSH OR ROLLER: Use natural bristle brush. Use full
strokes: avoid rebrushing. Thin up to 25% in hot weather.

DRYING TIMES: 2-1/2 mils and 50% RH

Temperature To Handle To Topcoat
40°F (4°C) 6 hours 24 hours
50°F {10°C) 4 hours 16 hours
60°F (16°C) 2 hours 8 hours
75°F (24°C) 1 hour 4 hours
90°F (32°C) 30 minutes 2 hours

CLEAN UP: Use Carboline Thinner #2 or ketone solvent.

STORAGE CONDITIONS:
Temperature: 40-110°F {4-43°C)
Humidity: 0-100%

CAUTION: CONTAINS FLAMMABLE SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES. IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS. HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE. IN AREAS WHERE
EXPLOSION HAZARDS EXIST, WORKMEN SHOULD BE REQUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES.

350 HANLEY INDUSTRIAL COURT
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Spool Corrosion Tests

-

»

in.Wet Scrubber Systems*

" DAVID B. ANDERSON*

Data from field corrosion studles in seven wet scrubber
systems are surveyed to assess environmental effects
on alloy performance. Units studied include utility boller
flue gas desullurization systems utllizing lime,. Jime-
stone, doublé alkall and sodium sullide as absorbents
plus water scrubbers on refuse and sewage sludge in-
clnerators. The data lllustrate the severity of corrosion
problems which can occur in the varlety of environmeants
produced by these complex wet chemical | processes. Im-
portant considerations include pH, temperature, chlo-
rides, absorbent oxidation stage, acid condensation,
and alkaline scaling. Unprotected carbon steel con-

. sistently shows unacceptable corrosion resistance ex-
cept in areas restricted to exposure to hot, dry flue gas.
Stainless steels and more highly alloyed materials pro-
vide uselul corrosion resistance but alloy selection
must consider specific environmental conditions. Par-
ticularly corrosive environments are encountered In Inlet
prescrubbers and exit ducting subjected to acidic con-
densates. Corrosivity Is often compounded by introduc-
tion of high chloride levels from fuel sources or use of
closed loop water systems.

Introduction
WITH THE PASSAGE of strict environmental control regula-
tlons and concurrent expansion of coal usage, installation of
fossii fired power plant FGD scrubber systems increased from
essentlally zero in 1970 to 55 units with a combined capacity of
18,000 MW by Juns, 1979, Capacity Is expected to expand to at
least 70,000 MW over the next decade.

Wet scrubbing processes, commonly utilizing lime or
limestone slurrles to chemically capture SO,, rapldly achieved
industry dominance. Materlals engineers recognized pros-
pects for severe corroslon problems introduced by a compli-
cated wet chemical process with variable, and often unpredict-
able complex conditions of pH, temperature, chlorides, oxida-
tlon stage, acld condensation, and alkaline scaling. Initia!
designs were hampered by limited guidelines for selection of
materials with assurance of optimum durability. ,

Extensive field exposures have been conducted over the
past six years utllizing the established Inco corrosion test
. Spool program.! Results have provided interesting Insight into
the corrosion characteristics of a wide range of alloys, the Im-
portant corrosion mechanisms involved, and the effects of
speclfic operating varlables.

.

Field Corrosion Test Program
A typlical corrosion test spool utllized for this program Is
shown In Figure 1. Spools were assembled and processed
» >
* Presented during Corroslon/81 (Paper 127), April, 1981, Tor-
onto, Ontario.
“The International Nickel Company, Inc. New York, New York.

October, 1981

FIGURE 1 —~ Corrosion test spool.

within thé guldelines outlined in ASTM Standard Recommend-
ed Practices G4.74 and G1-79. Wrought alloy samples were
prepared from 1.0 to 1.5 mm thick cold rolled strip while cast
alloy samples were machined from 50 mm diameter cast bars,
Samples were exposed without applled stresses or welds.
Tight crevices were provided, however, by the small Teflon(V
Insulating spacers.

Ideally, corrosion test specimens should be exposed for
three to twelve months under relativaly steady state condl.
tions with minimum process upsets. Unfortunately, this ideal
is not in harmony with typical pllot plant operation, Most of the
casa histories cited in this paper meet the exposure period re-

" quirements. However, since most of the systems studled were

In early development stages, steady state operating condi-

.tlons were the exceptlon rather tl}an the rule.

Case Historles

Extensive corrosion test spool exposures were conducted
In seven wet scrubber installations to be described. ln many
cases, multiple spools were exposed, each Including samples
of a wide range of corrosion resistant alloys plus mild steel,
Rather than provide a detailed review of all of the data gener-
ated, the results presented are limited to alloys selected to Il
lustrate a range of corrosion resistance and to isolate environ-
mental effects for a wide range of exposure condltions. Alloy
compositions are glven in Table 1.

Case 1—Limestone FGD System
A flve month study was conducted in a double loop design
limestone scrubber with test spools exposed in the areas

"rademark of E. I. Du Pont de Nemours & Co., Inc.

0094-1492/81/000168/$3.00/0 '
© 1981, National Assoclation of Corrosion Engineers 13
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TABLE 1 — Nominal Composition of Test Materlals .
Pergont
Ni Fe Cr Mo ‘Cu ] ’ Mn Other
AISI 1010 steel o= Tbal = - — 010 0.40 -
HSLA steel . 0.4 bal. 0.9 - 0.4 0.08 0.3 0.05 S|
AlS] 304 stainless steel 95 bal. 185 —_ —_ 0.08 max. 15 —_
AlSI] 316 stainless steel 13.0 bal. 17.0 225 - 0.08 max. 1.7 —_
. AlS] 317 stainless steel 14.0 bal. 19.0 3.25 -_ 0.08 max. 20 -
Alloy G 450 20.0 220 6.5 20 0.03 13 21Cb+Ta
Alloy 625 60.0 5.0 21.5 9.0 - 0.1 max, -— 3.7Cb+Ta .
Alloy C-276 , 54.0 5.0 155 16.0 - 0.02 max. - 40W

-

— +— Exit Gas shown in Figure 2. This design confines the recirculating
| To Stack chloride containing scrubbing solutlon to the flrst loop, Le.,
oheater the flooded disc scrubber and the absorber area below the
' packed tower. Corrosion data for AlSI 1010 steel and three
=== =Make-Up Water alloys are given in Table 2, ;
A<= Average corrosion rates for the carbon steel samples
;:‘:;d ’ were an unacceptable 0.20 to 0.58 mmvy (8 to 23 mpy). AISI 304
stainless steel also exhibited limited corrosion resistance,
particularly in creviced areas. The singlo exception was the
Feodor hot gas outlet, which was presumably above the dew point.
. E' More highly alloyed A1S1 316 stainless steel provided a marked
----‘

improvement in corrosion resistance in all areas, but only alloy

] - G provided virtual corrosion Immunity, 1t Is of significance to
e e—— c‘vak&UP ! note that with the relatively low chloride lavels in this unit, the
H ater 1 two stainless steel alloys showed little sensitivity to the envi-
‘ \ ronmental differences in the scrubber and absorber tower.
| 2 SN —
- Tower (&) Case 2—Lime FGD System
Scrabber A three month test evaluation was conducted In the ab-
Skarry Tank sorber section In a double marble bed lime system with ex-
. posures In the areas Indicated in Figure 3. Corrosion data are
) given In Table 3. As in Case 1, carbon steel and AIS1 304 stain-
less steel exhibited limited corroslon resistance except In the
FIGURE 2 — Limestone FGD system. exit gas above the mist eliminator where no condensation was .
TABLE 2 — Limestone FGD Scrubber Absorber
168 days, pH = 57
chlorides: 2250 In scrubber
100-850 In absorber .
Average
Max. Pitting/Crevice Corrosion—mm " Corroslon Rate
For 1010 Steel
Exposure Area 304 Stalnl\ess Stoel 316 Stainless Steel Alloy G mmly
Base of scrubber (1) 066 (26.0232) 005 o o3
Absorber tower .
—below nozzles (2) 079 (3l.dmile) 0.8 0 0.25
Absorber tower ' .
« —mist eliminators (3) 0.28 0.15 0 0.20
Absorber tower
—gas outlet (4) 0 0 0 0.26
Scrubber slurry ) _
© tank (5) - 0.25 ’ 0.05 ‘0 0.58
' Absorber slurry ‘ ) ‘ .
tank (6) ' 0.18 : 003 0 0.33

14 | ‘ Materials Performance’
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Gas To Stack . Gas to Stack @

Gas Reheater ===> [L255C . ,_ﬁ_

"~

Scrubber @ z:

b

Washers [NV . - Gas
Mt =
Gas Inlet = . Booster
—= Fan

Gas Inlet == R . b

Steam Blowers sanaTs _{Eﬂgcm:‘ob«
- .'.._.‘_, verflow .

Vane Spray g . Recycle

Comminutor Tank

Drain Pump .

FIGURE 4 — Double alkali FGD system, dilute mode.
FIGURE 3 — Lime FGD scrubber. )

evident. A1SI 316 stainless steel (2.3% Mo) provided greatly im-
proved corroslon resistance, while AlSI 317 stainless steel

TABLE 3 — Lime FGD Scrubber %ZB Mo) was unaffected over this relauvelx short exposure .
93 days, 400-600 ppm Cl, Shower Water pH = 4.9 ) Case 3—Dilute Mode Double Alkali System
A typical dilute mode double alkall system recycles highly -
Max. Pit/Crevice Corroslon—mm oxidized regenerated liquor and can be expected to achieve '
moderate chloride concentrations. Corrosion test locations in ’
Above a short term exposure program of this type are shown in Figure
AlSl Shower Marble Above Mist 4 and corroslion data are given in Table 4. The variable cor- '
Alloy Spray (1) Bed (2) Eliminator (3) rosivity of- the process conditlons in the different areas is .
evidenced by corrosion rate of carbon steel, ranging from 0.35 :
A mmly (14 mpy) In the dry inlet gas to 3.3 mmJy (130 mpy) in the
304 0.28 b\l'o"")) 18 0 moist outlet gas. AISI 304 stainless steel again exhibited
316 <.03 0.13 0 limited corrosion resistance in wet sections. AlSI 316 stainless l
: ) provided some improvement except In the aggressive quench
317 0 0 0 area where maximum chloride concentrations are expected.
Average corrosion 1.60 074 0.13 Case 4—Concentrated Mode Double
rate (mmvy) Alkall System
—1010 steel Exposures Iin a concentrated mode system were limited to -

two areas shown In Figure 5. Corrosion data in Table § show

TABLE 4 — Double Alkall FGD System—Dilute Mode

31 Days, Slurry pH = 10-13, 1000 ppm Cl

Max. Pit/ICrevice Corrosion—mm -

Flue Gas Quench Absorber Discharge
Alloy Inlet (1) Section (2) Tray (3) Duct (4)
AlSt 304 0 0.10 0.20 0.28
AlS! 316 ) 0 0.10 0 0.05
Alloy G 0 0 0 0
' Average corrosion 0.35 0.53 039 331 .
rate (mm/y) . .
AlS1—1010 steel ‘ ‘
October, 1981 S ‘ : . 15
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FIGURE 5 — Double alkall FGD system, concentrated
mode,

TABLE 5 — Double Alkali FGD
System—Concentrated Mode

4 months, pH = 4.5, 1400 ppm Chlorides

Max. Pit/Crevice Corrosion—mm

Absorber Above Mist
Alloy Overflow (1) Eliminator (2)

AISI 304 0.20 1.2
AlSI 316 0 0.9
AlS| 317 0 0.6
Alloy 825 1] 0.7
Alloy G 0 08
Alloy 625 0 0

Alloy C-276 0 0

minimal attack in the absorber overflow piping system.
However, the exposure in the outlet duct above the mist
eliminator provides an example of the severity of corroslon
which can occur In sulfurous and sulfuric acid condensates.
Only nickel base alloys 625 and C-276 were resistant to attack
in this area.

Case 5—Sodium Sulfite SO,
Recovery Process

An extensive exposure program in the scrubber/absorber
areas of a sodlum sulfite SO, recovery system is outlined in
Figure 6 with corrosion data summarized in Table 6. The com-

Report No. 17490-2 0
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B Clean
Flue Gas
{7
LN NNN
Orifice Contactor
Boosu_:r Blower .
Flue Gas 2
Fly Ash
Purgo‘to l‘ )
Pond

FIGURE 6 ~ Sodium sulfite SO, rocovery process.

Stack
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\]
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. H Clarifier

—-——l@

- -~
»

FIGURE 7 — Refuse incinorator scrubber,

5

bination of high temperature, uncontrolled pH, abrasive
flyash, and heavy solids buildup In the venturl scrubber en-
trance resulted in severe corrosion of all of the alloys
evaluated. Reduction In temperature and flyash abrasion
signlificantly reduced corrosion at the venturl exit and ab-
sorber tower bottom although clearly, high alloys are required
to cope with the low pH environment containing 1200 ppm
chloride. Condensate conditions above the mist eliminator
again provided aggressive conditions while exposure to scrub-
ber solution sprays and the scrubbed flue gas caused minimal
corrosion.

~

TABLE 6 — Sodium Sulfite SO, Recovery Process

3 Months, 1200 ppm CI, pH = 1.5-2

Max. Pitting/Crevice Corrosion—mm

Venturi * Tower Mist Eliminator _ Absorber Scrubber
Alloy Entrance (1) Exit (2) Bottom (3) Below (4) Above (5) Solution (6) Flue Gas (7)
AlS) 316 0.94(p) 0.20 0.46 . 018 . 094p) - O 0
AlSI 317 ~ 0.36 . 0.20 033 0.20 038 - 0 0 .
Alloy G 0.18 -7 0.0 0 0 . "0 <0.03 0 .
Alloy 625 - 0.30 - 0 0 0 . <0.03 .0 0

.16
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FIGURE 8 — Sewage Incinerator scrubber.

October, 1981

Report No. 17490-2
Page No.20

...‘ e e man v aenm
.

ATTACHMENT 4 (CONTINUED)

TABLE 7 — Refuse Incinerator Scrubber

161 Day Exposure

Max. Plt/Crevice Attack—mm

Scrubber ~ Scrubber  Induced Draft
Alloy Infot (1) Roof (2) Fan (3) Flume (4) Clarifier (5)
AIS! 304 0.43 1.40(0) (S5 Imdeb 51 0.25 0.10
AlSI 316 . 013 0.69 . 0.20 0.15 0.10
Alloy G 0 ‘ 0.33 0.30 0 0 .
Alloy 625 0 0.28 . 015 0 o
Averagae Corrosion
rate—mmly
AlSI 1010 steel . >13., 0.9 1.0 >13 0.4
HOLA steol >14 08 09 >14 0.2 .
(p) = perforated *
L]
¢ -
TABLE 8 — Sewage Incinerator Scrubber
15 Month Exposure
. Max. Pit/Crevice Attack—mm
Gas [nlat Scrubber impingement Exhaust
Alloy Baftfle (1) Liquid (2) Plate (3) Stack (4)
Alsi 304 0 0.30 . 028 0.08
AIS] 316 0 0.03 ' o046 0
AIS1 317 0 2 051 0
Alloy G 0 0 0 0
Average corrosion 0.07 — 0.02 0.13
rate—mmiyr
1010 steet
3 Case 6—Refuse Incinerator Scrubber
Day-to-day varlations In refuse create equally variable en-
MIST vironmental conditions in refuse inclnerator off-gas scrubbers.,
ELUIMINATOR Typically, the gases contain significant levels of chlorides
{from the burning of chlorinated plastics. Use of fresh water as
a scrubbing medium produces unbuffered HCI. Corrosion test
| locatlons in a municipal system are identified in Figure 7 and
g,‘;ﬁﬁ 1 3 corrosion data are given In Table 7. Carbon and low alloy
R et steels are clearly inadequate {or this application with the pos-
&??L%Em sible exception of the clarifier tank. Condensate carryover
from the mist eliminator created a severe environment at the
scrubber roof and the induced fan area with localized corro-
ZIZLES slon developing to some extent with all of the alloys evaluated.
[7 sp’s‘u\ Y,'gl o‘-\ ) Thae corrosivity Is, Iin part, aggravated by the use of a recirculat-
(-Q}Nm BAFFLE ing water system in this plant which does not allow for dilution
of neutralization of the acld chlorides. The importance of this
Is evidenced by the significantly reduced level of corrosion ob-
served In a comparison Incinerator operated with a once

through water system.

~

DRAIN

Case 7—Sewage Sludge Incinerator .

Chlorides in sewage sludge incinerators are introduced

by the scrubbing water and generally do not reach the high

“ levels developed In refuse Incinerator systems. The corrosion

17
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data in Table 8 developed from the exposures detailed in
Figure 8 illustrate the reduced severity of corrosion in contrast

to Case 6. Heavy deposits accumulated on the samples ex- - -

posed In the impingement baffle plate area, the one area
where the stainless steels developed significant pitting. These
deposits, in turn, provided a mechanism for crevice formation
with further chloride concentration. The deleterious effect of
the deposits on the stainless steels is'in contrast to the ap-
parent protective effect on carbon stesl.

Summary
The exposure of corrosion test spools in operating wet
scrubber systems has proven to be a useful method for evalu-

ating environmental effects and for assessing relatlve corro-
sion resistance of candidate materials of construction. The
results of exposures in systems utitizing alkaline slurries and
water as'scrubbing media demonstrate the limited usefulness
of unprotected carbon steel. Corrosion problems assoclated
with deposit formation, wet flyash abrasion, unbuffered acldic
condensates, and excessive chloride concentration are com-
mon to most systems and must be considered when selecting
materials of construction with promise of optimum durability.

. References
1. LLW. Gleekman, ASTM STP 534, p. 167-169 (1973).
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Effect of Acids on the Stress Corrosion Cracking
' of Stainless Materials in Dilute Chloride Solutions*

A. l. ASPHAHAN!
Stellite Division, Cabot Corporation, Kokomo, Indiana

The chloride strass cracking of stainless stecls (304, J04L, data have been reported from SCC tests in dilute chloride
316, 316L) is shown to occur in dilute 0.8 to 4% sodium environments at 300 C,'2 in chloride solutions containing H,s,"’
ehlonde solutions contsining 0.2 to 1% H3PO4 or 0.5% in brines simulating geothermal environmems," in pure or ine
CH3COOH. While more localized attacks bimpg;cmgl'?g_ hibited hydrochloric acid at room temperamre,'s'“ and in
corrasion) are observed in the chloride solution containing refrigerated HCI solution,

acetic acid, the 0.2% phosphoric acid addition to 0.8% NsCl Still, almost no data exist on the chloside stress cracking of
is sufficient to induce stross cracking of the austenitic austenitic stainless steels in dilute chloride environments containing
stainless steels within less then 10 days of exposure at 141 C. traces of acids, specifically less than 2% phosphoric acid. Thess
The higher nickel content austenitic stainless alloys (20C-3, environments appear of interestein some CP) applications dealing
825, 20-Mod) are more resistant to the chloride stress with phosphate chemicals and to the food processing industries
cracking. However, some pitting and crevice corrosion attack using phosphate compounds as preservatives or mixtures containing
is observed on -these alloys, except for 20-Mod. The high table salt and weak organic acids, where AISI 304 and 316L
performance nickel base alloys (G, C-276) show excellent stainless steels have already experienced SCC in field.service.7*!3¢1?
resistance to chloride stress cracking and to localized corro- It is the purpose of this study to present data on the SCC of
sive attack, The susceptibility of the stainless steels to the several stainless materials in dilute chloride solutions contsining
observed stress cracking is related to the acidity of the dilute small amounts of different acids. The effects of temperature, acid
chloride solutions, and is explained using the concept of the additions, and galvanic coupling are shown. Also, the resistance

cntical patential for stress corrosion cracking, and/or susceptibility of various alloys are established and discussed.

. N TABLE 1= Nominal Composition of Alloys Tested (Wt%)
’ Alioys Fe Nl C Mo Mn S cu c

AIS1304 8 9 19 - M W -~ o005

AlSI 304L Bl 9 19 - 2 -  om®

A151316 Bu, 12 17 25 2 ) _ g0

AISE316L e’ 12 17 25 O | - o.0®

Campenter 20¢-3() as 33 20 25 2V 4@ 3 om -

tncoloy 82513) 30 Bu 21 3 1D o) 2 ggs .

Haynesatloy No. 20Mod(® B 28 22 s 250 ) 2 gos® .

Hastelloy alloy G 20 ed 22 7 15 W 2 ges®

. - Hasteloy alioy 27609 5 8w 16 16" "D g5 _ g0 :

MDptasiemam.

(z)ﬂnistend trademark of Carpenter Technology. Corporation. &

(”chinend trademark of Internationsd Nickd Company, Inc. .

)Rogiuend trademark of Cabot Corpocation. f
s

Introduction Experimental Procedure
CHLORIDE STRESS CRACKING of austenitic stainless steels has .
always been a problem limiting the safe use of these alloys in the Materials
various chemical processing industries (CPI). This subject of stress . The alloys examined included several stainless steels and high
corrosion cracking (SCC) in chloride environments is by no means a performance nickel base alloys. The nominsl chemical compositions
neglected one for researchers. However, most of the stdies have and the registered trademarks are presented in Table 1. .

been limited to tests in hot, concentrated chloride solutions,
specifically the boiling'42 to 45% MgCl, solutions.
+ A limited amount of data exists on the SCC of stainless steels in
other aqueous solutions., The stress cracking in sulfuric acid H H
containing chloride ions has been observed. ) inveltigated, 2 and x 3 mm (5.25 x 0.5 x 0.125 inch). Each specimen was deformed
commented on® Also, the effects of war . R p 4 - around 3 25 mm (1 inch) mandrel. The specimen’s ends wers
.. e e . e es o o?"ou.‘o“"o'.'i e.g. Ba™", maintained in a parallel position with a bolt and a nut made out of
G, Ce77, Fe T, Hg' ', T, Mg®®, Ni*", Zn*") have been

Specimens
The SCC tests were conducted on U-bend specimens =~ 133 x 13

: s . .o 10,11 Hastelloy alloy C-276. Teflon inserts were used to insulate the
mentioned,” examined, and summarized, Furthermore, bott/nut from the soecimen, The specimen was further stressed by
‘ ’ - . 'straining its ends (tightening the nut) to 8 final span of 12 mm (1/2
*Presented during Corrosionf79 (Paper 42), March, 197?, Attanta, inch). The imposed stress depended on the yield strength of the®
Georgia. . ‘ material, and no effort was made to calculate the exact value of the
B - 0094-1492/80/000180/$3.00/0 ‘ .,
" November, 1980 | © 1980, National ASsociation of Corrosion Engineers 9
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SELECTION DATA

GENERIC TYPE: Modified vinyl-alkyd.

GENERAL PROPERTIES: Rustbond 8 HB is excellent as a
primer for bare steel and a tie coat for the following generic
coatings: vinyls, catalyzed epoxies, epoxy esters, chlori-
nated rubbers, alkyds, acrylics and acrylic latexes. Material
dries .quickly permitting rapid topcoating. Provides good
weathering and corrosion resistance for a single package
material.

RECOMMENDED USES: Developed specifically for use as
a primer and universal tie coat for most generic topcoats.
Rustbond 8 HB is an excellent shop primer. For mainte-
nance, Rustbond 8 HB permits topcoating, thereby reduc-
ing the possibility of surface contamination. This product
will find applications wherever an economical, fast drying
primer requiring excellent topcoat compatibility is specified.

NOT RECOMMENDED FOR: Heavily rusted or pitted sur-
faces or immersion service.

CHEMICAL RESISTANCE GUIDE: (with suitable topcoat)

Splash and
Exposure Spillage Fumas
Acids Good Good
Alkalies Fair Fair
Solvents Fair Good
Salt Very Good Very Good
Water Very Good Very Good

TEMPERATURE RESISTANCE:
Continuous: 160°F (71°C)
Nongontinuous: ~ 200°F (93°C)

FLEXIBILITY: Excellent WEAT%ERING: Very Good
ABRASION RESISTANCE: Good

SUBSTRATE: May be applied over properly prepared steel,
aluminum or others as recommended.

TOPCOAT REQUIRED*": May be topcoated with acrylics,

chlorinated rubbers, vinyls, catalyzed epoxies, alkyds or
others as recommended.

Oct. 80 Replaces Ma[. 78-N

N Qpért: No. 17490-2.
ge.No., 137 ..

2 aneww  at

pfoductt!%ta sheet. |
wre resenenne ce o APTPACHMENT ™ 3" (CONTINUED) ™

-
carboline RUSTBOND 8 HB -
. . e, RS et lideda Lo u BT Py g et n Lt £ Ama s % o < - F «-: y cew mAALE, TN 2 IR AN AITMSVES wemar e S, o3
. - ..350 HANLEY INDUSTRIAL COURT ST. LOUIS; MO: 63144'# 314-644-1000.  * : ~ [.

COMPATIBILITY WITH OTHER COATINGS*: May be
applied over tightly adhering vinyls, chlorinated rubbers,
acrylics, alkyds, catalyzed epoxies or others as recom-
mended. May be used over inorganic zinc primers for non-
immersion, atmospheric exposures.

SiL

*NOTE: A test patch is recommended to assure adhesion
of Rustbond 8 HB over other coatings or the adhesion of
topcoats to Rustbond 8 HB.

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA-
TERIAL:

By Volume
Rustbond 8 HB 42% £ 2%
RECOMMENDED DRY FILM THICKNESS PER COAT:
2-3 mils (50-75 microns).

THEORETICAL COVERAGE PER MIXED GALLON*:

674 mil sq. ft. (16.8 sq. m/l @ 25 microns)

269 sq. ft. at 2% mils (6.5 sq. m/l @ 65 microns)

*NOTE: Material losses during mixing and application will

vary and must be taken into consideration when estimating

job requirements, I .

SHELF LIFE: 12 months minimum.
COLORS: Red, Off-White, Gray.
GLOSS: Flat.

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative
or Main Office. Terms — Net 30 days.

SHIPPING WEIGHT: . N

15 5
= "111bs. (5.0 kg) 55 Ibs. (25.0 kg)
Polyclad Thinner 9.1bs. (4.1 kg) 45 |bs. (20.4 kg)
Carboline Thinner #25 9 Ibs. (4.1 kg} 45 bs. (20.4 kg)

FLASH POINT: (Pensky-Martens Closed Cup)
Rustbond 8HB . - 52°F (11.C)
73°F (23°C)
77°F (25°C) _

Rustbond 8 HB8

Polyclad Thinner
Carboline Thinner #25

To the best of our knowledge the technical data contained herein are true and accurate at the date of issuance and e subioct_to 'changu
without prior notice. User must contact Carboline to verify correctness before specifying or ordaring, No guarantee of accuragy is given or

" implied. We guarantee our products to conform to Carboline quslity control, We assume no responsibility for coverage, performance or injuries

resuiting from use. Liability, if any, is limited to replacement of products. Prices and cost data if shown, are subject to change without prior '
notice- NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE 8Y THE SELLER, EXPRESS OR IMPLIED, STATUTORY,
8Y OPERATICN OR LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

'
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APPLICATION INSTRUCTIONS

. ATTACHMENT 3 (CONCLUDZD)
w 1

-

These instructions are not intended to show product recommendations for specitic service. They are issued as an aid in detarmining correct
surface p reparation, mixing instructions, and application procedure. It is assumed that the proper product recommendations have been made.

These instructions should be followed closely to obtain the maximum sarvice from the materials,
i

~

SURFACE PREPARATION: Remove any oil or grease
from surface to be coated with clean rags soaked in Carbo-
line Thinner #2 or toluol.

Uncoated Steel: Dry abrasive blast to a Commercial Grade
Finish in accordance with SSPC-SP6-63 to‘a degree of
cleanliness in accordance with NACE #3 to obtaina 1/2to
1-1/2 mil (12-40 microns) blast profile. Note: Power Tool
Clean per SSPC-SP3-63 is acceptable.

For application over existing coating, the surface must be

- Conventional: Use a 3/8” minimum I.D. material hose.

Hold gun 8:10 inches from the surface and at a right angle
to the surface.

Mfr. & Gun Fluid Tip Air Cap
Binks #18 or #62 66 66PB
DeVilbiss P-MBC or JGA E 704

approx. 0.07” 1.D.

Airless: Use a 3/8” minimum 1.D. material hose. Hold gun

clean, dry and free of any contaminants. 12-14 inches from the surface and at a right angle to the

MIXING: Mix to smooth consistency before thinning. Thin surface.
up to 25% with Polyclad Thinner if necessary. Use Carbo-
line Thinner #25 for brushing or rolling or for temperatures Mfr. & Gun Pump*
above 85" F (29°C). DeVilbiss JGB-507 QFA-514
APPLICATION TEMPERATURES: Graco 205-591 President 30:1 or Bulldog 30:1
Material Surfaces Binks Model 500 Mercury 5C
O 710 an° % 740 70°
a‘?'f“a' so'ig‘,: 8§C3)2 c ss'ggcs 85,*02)9 ) *Teflon packings are recommended and available from
M::l:clir:‘nl:::l 100°F (38°C) 150°F (66°C) pump manufacturer. Use a .018"-,022" tip with 2000 psi.
Ambi Humidi BRUSH OR ROLLER: Use natural bristle brush. Use full
om lent . Humidity strokes: avoid rebrushing. Thin up to 25% in hot weather.
N 5 .Q K9
Normal S e € 10.85% DRYING TIMES: 2-1/2 mils and 50% RH
Maximum 120°F (49°C) 95% Temperature To Handle To Topcoat
Special thinning and application techniques may be re- 40:F (4°§) 6 hours 24 hours
quired above or below normal condition. 50°F (10°C) 4 hours 16 hours
. 60°F (16°C) 2 hours 8 hours
SPRAY: Use adequate air volume for, correct operation. 75 F (24 °C) 1 hour 4 hours
90°F (32°C) 30 minutes 2 hours

Use a 50% overlap with each pass of the gun. On irregular

surfaces, coat the edges first, making an extra pass later. CLEAN UP: Use Carboline Thinner #2 or ketone solvent.

STORAGE CONDITI?NS: o
NOTE: The following equipment has been found suitable; Temperature: 40-110°F {4-43°C)
however, equivalent equipment may be substituted. Humidity: 0-100%

CAUTION: CONTAINS FLAMMABLE SOLVENTS, KEEP AWAY FROM SPARKS AND OPEN FLAMES. IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS. HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE. IN AREAS WHERE
%PA.&SAI'%?(J'N%ASZQggg EXIST, WORKMEN SHOULD BE REQUIRED TO USE NONFERRQUS TOOLS AND TO WEAR CONDUCTIVE AND

IR RN

carboline

AR

350 HANLEY INDUSTRIAL COURT ST. LOUIS, MO. 63144 * 314-644-1000

- Y - B

[ Y




.

Iy

v

®

" Report No. 17490-2
Page No. 15 ° .

-
ey

An Officlal Publication of

SA°C
; SEINS
H Soyo3852

NACE .

; VOLUME TWENTY e OCTOBER, 1981
. L3
| .

Q

I

gl (T 1)
&i;:
f,
1€
*-? t]
23
i

2043
it
V‘«f
1
'?)g
o
|
€
31

1 4

‘,.
A

av
Ay

S

o rens : 4 ”, &
5 5 < = } :

.,

45 . A

X
e
)
Lt
s 492
'f".’.g'l.‘,,(‘ }s:.
- . h
o
T

ot
L,
’
;_-...-. -
285 "hng

v

)
g
H
U

108SE

AT, S

D ¥ay ;‘y:\g::‘i:\:"““:'- .

3 AN AT e dlr e oS N
- i, Sy w "

o NoTor

Pt TN

N <

> ' ¥ ,:;
. S
,-"- : 57

ATTACHMENT 4

. aterials
o Performance

ty

VWYEVIV *3TTIASINAH
+  *3°N *3AV 3NuNOSTI3W %081
. 3¥00KW: *3 _3va [
2

»

NUMBER TEN

AR eat by

IS
AL it P R R 2oF ik, ,'}

Reniat

4

;?.:‘ 3L

R E

13

&

v

IFLRI

,37

Ly




' . Report No. 17490-2 .

Page No. 16

LR

Spool Corrosion Tests

in.Wet Scrubber Systems*

DAVID B. ANDERSON"*

Data from fleld corrosion studies in seven wet scrubber
systems are surveyed to assess environmental effects
on alloy performance. Unlts studled include utllity boller
tlue gas desulfurization systems utllizing lime,. Jime-
stone, doublé alkall and sodium sullide as absorbents
plus water scrubbers on refuse and sewage sludge in-
clnerators. The data lllustrate the severity of corrosion
problems which can occurin the varlety of environments
produced by these complex wet chemical processes. Im-
portant conslderations include pH, temperature, chlo-
rides, absorbent oxidation stage, acld condensation,
and alkaline scaling. Unprotected carbon steel con-

. Sistently shows unacceptable corrosion resistance ex-
cepl in areas restricted to exposure to hot, dry Hue gas.
Stalnless steels and more highly alloyed materials pro-
vide uselul corrosion resistance but alloy selection
must conslider specific environmental conditions. Par-
tlcularly corrosive environments are encountered in inlet
prescrubbers and exit ducting subjected to acidic con-
densates. Corrosivity is often compounded by introduc-
tion of high chloride levels from fuel sources or use of
closed loop water systems.

. *
-
-

Introduction
WITH THE PASSAGE of strict environmental control fegula-
tions and concurrent expansion of coal usage, installation of
fossil fired power plant FGOD scrubber systems increased from
essentially zero In 1970 to 55 unlits with a combined capacity of
18,000 MW by June, 1979. Capacity Is expected to expand to at

least 70,000 MW over the next decade.
Wet scrubbing processes, commonly utilizing lime or

limestone slurries to chemically capture SO,, rapidly achieved -

industry dominance. Materlals engineers recognized pros-
pects for severe corrosion problems introduced by a compli-
cated wet chemlcal process with variable, and often unpredict.
able complex conditions of pH, temperature, chiorides, oxida-
tion stage, acid condensation, and alkaline scaling. Initial
designs were hampered by limited guldelines for selection of
materlals with assurance of optimum durability.

Extenslve fleld exposures have been conducted over the
past six years utilizing the established Inco corrosion test
. spool program.! Results have provided Interesting Insightinto
the corrosion characteristics of a wida range of alloys, the im-
portant corrosion mechanisms involved, and the effects of
specltic operating variables. -

Fleld Corrosion Test Program
A typical corrosion test spool utllized for this program Is
shown in Figure 1. Spools were assembled and processed

*Presented during Corroslons81 (Paper 127), April, 1981, Tor-
° onto, Ontario.

“The International Nickel Company, Inc. New York, New York.

October, 1981

FIGURE 1 — Corrosion test spool,

within thé guidelines outlined in ASTM Standard Recommend-
ed Practices G4-74 and G1-79. Wrought alloy samples were
prepared from 1.0 to 1.5 mm thick cold rolled strip whlle cast
alloy samples were machined from 50 mm diameter cast bars.
Samples were exposed without applied stresses or welds.
Tight crevices were provided, however, by the small Teflon{"
insulating spacers.

ldeally, corrosion test specimens should be exposed for
three to twelve months under relatively steady state condl-
tions with minimum process upsets. Unfortunately, this ideal
is not in harmony with typical pilot plant operation. Most of the
case histories cited in this paper meet the exposure period re-
qulrements, However, since most of the systems studied were
in early development stages, steady state operating condi-
tions were the exception rather than the rule,

Case Histories

Extensive corrosion test spool exposures were conducted
In seven wet scrubber installations to be described. In many
cases, multiple spools were exposed, each including samples
of a wide range of corrosion resistant alloys plus mild stesl.
Rather than provide a detailed review of all of the data gener-
ated, the results presented are limited to alloys selected to il-
lustrate a range of corrosion resistance and to isolate environ-
mental effects for a wide range of exposure conditions. Alloy
compositions are given In Table 1. .

) Case 1—Limestone FGD System

A five month study was conducted in a double loop design
limestone scrubber with test spools exposed in the arc¢as

(Mrademark of E. I. Du Pont de Nemours & Co., Inc.

0094-1492/81/000168/$3.00/0
® 1981, Natlonal Assoclation of Corrosion Engineors 13
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TABLE 1 — Nominal Composition of Test Materlals
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oo ov e w0 Mako-Up Water

~T=
Packed
Tower

FIGURE 2 — Limostone FGD system.

Porcent
NI Fe Cr Mo Cu c Mn Other
AlS} 1010 stecl —  bal - - - 010 0.40 -
HSLA steel » 04 bal. 09 - 0.4 0.08 03 0.05 Sl
AlIS| 304 stainless steel 9.5 bal. 18.5 —_— - 0.08 max. 1.5 -
AISI 316 stainless steel 13.0 bal. 17.0 225 - 0.08 max. 1.7 -
AIS] 317 stalnless steel 140 bal. 19.0 3.25 - 0.08 max. 20 —_—
Alloy G 450 200 22.0 6.5 20 0.03 1.3 21Cb+Ta
Alloy 625 60.0 5.0 215 9.0 - 0.1 max. — 3.7Cb+Ta .
Alloy C-276 54.0 5.0 155 16.0 - 0.02 max. -— 40W
ey : Exit Gas shown in Figure 2. This design confines the recirculating
A\ To Stack chloride containing scrubbing solutlon to the first loop, Le.,
Shesior the flooded disc scrubber and the absorber area below the

packed tower. Corroslon data for AlSI 1010 stee! and three
alloys are given in Table 2. .
Average corrosion rates for the carbon steel samples
were an unacceptable 0.20 to 0.58 mmJy (8 to 23 mpy). AISI 304
stainless steel also exhibited limited corrosion resistance,
particularly in creviced areas. The_ single exception was the
hot gas outlet, which was presumably above the dew point.
More highly alloyed A1S] 316 stainless steel provided a marked
Improvement In corrosion resistance in all areas, but only alloy

* G provided virtual corrosion immunity. It Is of significance to

note that with the relatively low chloride levels In this unit, the
two stainless steel alloys showed little sensitlvity to the envi-
ronmental differences in the scrubber and absorber tower.

Case 2—Lime FGD System

A three month test evaluation was conducted In the ab-
sorber section in a double marble bed lime system with ex-
posures in the areas Indicated In Figure 3. Corroslon data are
given In Table 3. As in Case 1, carbon steel and AIS! 304 stain-
less steel exhibited limited corrosion resistance except In the
exit gas above the mist eliminator where no condensation was

TABLE 2 —~ Limestone FGD Scrubber Absorber

158 days, pH = 57 ' ),
chlorides: 2250 in scrubber

100-850 in absorber .
Average
Max. Pitting/Crevice Corrosion—mm Corrosion Rate
For 1010 Steel
Exposure Aroa S04 Stalnless Steel 316 Stainless Steel Alloy G mmly
Base of scrubber (1) { 066 (R6.0038) 005 0 * 034 ,
Absorber tower
—below nozzles (2) . 079 (3llaits) 0.18 0 0.25
Absorber tower .
—mist eliminators (3) 0.28 0.15 0 0.20
Absorber tower
—gas outlet (4) 0 0 0 0.26
Scrubber slurry o
tank (5) 0.25 0.05 0 0.58
Absorber slurry . ¢
tank (6) ! 018 .. 0.03 0 0.33

.Materials Performance
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Gas To Stack
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Fan

FIGURE 3 — Lime FGD scrubber.

TABLE 3 — Lime FGD Scrubber

93 days, 400-600 ppm C}, Shower Water pH = 4.9

Max. PitiCrevico Corroslon—mm

Above
AlS] Shower Marble Above Mist
Alloy Spray (1) Beod (2) Ellminator (3)
304 0.28 U\;.o.:..y.w 0
316 <.03 0.13 0
317 0 0 0
Average corrosion 1.60 0.74 0.13
rate (mm/y)
—1010 steel

. »

Gas to Stack : @

Serubber|  (PRC—=

FIGURE 4 — Double alkall FGD system, dilute mode.

evident, AlS] 316 stainless steel (2.3% Mo) provided greatly im-
proved corrosion resistance, while AlISI 317 stainless steel
(3.2% Mo) was unaffected over this relatively short exposure
period. -

Case 3—Dilute Mode Double Alkali System

A typlical dilute mode double alkall system recycles highly
oxidized regenerated liquor and can be expected to achieve
moderate chloride concentrations., Corrosion test locations in
a short term exposure program of this type are shown in Figure
4 and corrosion data are given In Table 4. The variable cor-
roslvity of the process conditions in the different areas Is
evidenced by corrosion rate of catbon steel, ranging from 0.35
mmvy (14 mpy) in the dry Inlet gas to 3.3 mmly (130 mpy) in the
molst outlet gas. AISI 304 stainless steel agaln exhibited
limited corrosion resistance In wet sections. AlSI 316 stalnless
provided some improvement except In the aggressive quench
area where maximum chloride concentrations are expected.

Case 4—Concentrated Mode Double
Alkall System

Exposures in a concentrated mode system were limited to
two areas shown in Figure 5. Corrosion data in Table 5 show

TABLE 4 — Double Alkali FGD System—Dilute Mode

31 Days, Slurry pH = 10-13, 1000 ppm C!

Max. PitiCrevice Corrosion—mm

Flue Gas Quench ~  Absorber  Discharge

Alloy Inlet (1) Sectlon (2) Tray (3) Duct (4)
AlSI 304 0 0.10 020 - 0.28
AlS| 316 0 0.10 0 0.05
Alloy G 0 0 0 0 )
- Average corrosion 0.35 0.53 - 0.39 ) 331 .
rate (mmly) .
AlSI—1010 steel

October, 1981 -

lJ
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FIGURE 5 — Double alkali FGD system, concentrated
mode.

TABLE 5 — Double Alkali FGD
System—Concentrated Mode

4 months, pH = 4.5, 1400 ppm Chlorides

Max. PiUCrevice COrtoslon-—rprn

Absorber Above Mist
Alloy Qverflow (1) Eliminator (2)

AlS! 304 0.20 1.2
AlS! 316 0 0.9
AlSH 317 0 0.6
_Alloy 825 0 0.7
Alloy G 0 0.8
Alloy 625 0 0

Alloy C-276 0 0

minimal attack In the absorber overflow piping system.
Howaever, the exposure In the outlet duct above the mist
eliminator provides an example of the severity of corrosion
which can occur In sulfurous and sulfuric acid condensates.
Only nickel base alloys 625 and C-276 were resistant to attack
In this area.

‘ ~

Case 5—Sodium Sulfite SO,

Recovery Process

An extensive exposure program In the scrubber/absorber
‘areas of a sodium sulfite SO, recovery system Is outlined in
Figure 6 with corrosion data summarized in Table 6. The com-

Report No. 17490-2
Page No.l9
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FIGURE 8 — Sodium sulfite SO, recovery process,

Stack
1.0. Fan
\
O]
Mist
From 2)\ 4~ Efliminator
Incinerator 3 Pro-Quench
Mixing Chamber » Scrubber
Chamber . @ Clarifler

FIGURE 7 — Rofuse Incinerator scrubber.

bination of high temperature, uncontrolled pH, abrasive
flyash, and heavy solids buildup in the venturl scrubber en-
trance resulted in severe corroslon of all of the alloys
evaluated. Reductlon in temperature and flyash abrasion
significantly reduced .corrosion at the venturt exit and ab-
sorber tower bottom although clearly, high alloys are required
to cope with the low pH environment contalning 1200 ppm
chloride. Condensate conditions above the mist eliminator
again provided aggressive conditions while exposure to scrub-
ber solution sprays and the scrubbed flue gas caused minimal
corrosion. .

TABLE 6 — Sodium Sulfite SO, Recovery Process

3 Months, 1200 ppm CI, pH = 1.5-2

Max. Pitting/Crevice Corrosion—mm

Scrubber

Venturl Tower Mist Eilminator Absorber
Alloy Entrance (1) Exit (2) Bottom (3) Below (4) Above (5) Solution (6) Flue Gas (7)
AlS1 316 0.94(p) 0.20 0.46 0.18 . 094p) - O 0
AlSI 317 - 036 0.20 - 0.33 . 020 0.38 0 0 .
. Alloy G 0.18 0.10 0 0 0 <0.03 0 .
Alloy 625 ° 0.30 0 0 0 - <0.03 0 1]

16
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TABLE 7 — Refuse Incinerator Scrubber

161 Day Exposure

Max. Pit/Cravice Attack—mm

Scrubber Scrubber Induced Draft

Alloy : Inlot (1) Roof (2) Fan (3) Flume (4) Clarifler (S)
AISI 304 043 140p)( S inbsbst 0.25 0.10
AlSI 316 . 013 0.69 . 020 0.15 0.10
L ° Alloy G 0 - 0.33 0.30 0 0 .
Alloy 625 0 0.28 . 015 0 0
Average Corrosion
rate—mmly

AIS1 1010 steel _>13., 09 1.0 >1.3 0.4

. HSLA steel >1.4 08 0.9 >1.4 0.2

{p) = perforated *

TABLE 8 — Sewage Incinerator Scrubber

- 15 Month Exposure

. Max. Pit/Crevice Attack--mm

ra .

Gas Inlot Scrubber Impingement Exhaust

Alloy Batfle (1) Liquid (2) Plate (3) Stack (4)
AIS] 304 0 0.30 . 028 0.08
AlS| 316 0 0.03 ' o04s 0
AISt 317 0 2 051 0
Alioy G 0 (] 0 0 T
. Average corrosion 0.07 - 0.02 0.13
‘ rate—mmlyr
—1010 steel
] O] Case 6——Refuse Incinerator Scrubber
. . - Day-to-day variations in refuse create equally variable en-
) MIST vironmental conditlons in refuse incinerator off-gas scrubbers.
. LIMINATOR Typically, the gases contain signiticant levels of chlorides

from the burning ot chlorinated plastics. Use of fresh water as
a scrubbing medium produces unbuffered HCI. Corrosion test
locations in a municipal system are Identliied in Figure 7 and
corrosion data are glven in Table 7, Carbon and low alloy
steels are clearly inadequate for this application with the pos-
sible exception of the claritier tank. Condensate carryover
from the mist eliminator created a severe environment at the
scrubber roof and the induced fan area with localized corro-
sion developing to some extent with all of the alloys evaluated.
The corrosivity Is, In part, aggravated by the use of a reclrculat-
ing water system in this plant which does not altow for dilution

of neutralization of the acid chlorides. The importance of this

Is evidenced by the signlificantly reduced level of corrosion ob-

served In a comparison incinerator operated with a once

through water system. -

WATER
SuUPPLY

IMPINGEMENT |

-

Case 7—Sewage Sludge Incinerator .
Chlorides in sewage sludge incinerators are introduced
by the scrubbing water and generally do not reach the high

FIGURE 8 — Sewage incinerator scrubbaer, levels developed in refuse incinerator systems. The corrosion

October, 1981
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data in Table 8 developed from the exposures detailed in
Figure 8 [ifustrate the reduced severity of corrosion in contrast
to Case 6. Heavy deposits accumulated on the samples ex-
posed In the Impingement baffle plate area, the one area
where the stainless steels developed significant pitting. These
deposits, in turn, provided a mechanism for crevice formation
: ' with further chloride concentration. The deleterious effect of
the deposits on the stainless steels is in contrast to the ap-
parent protective effect on carbon stesl,

Summary
The exposure of corrosion test spools in operatlng wet
scrubber systems has proven to be a useful method for evalu-

Report No. 174902
. .. Page No. 21 .

ating environmental effects and for assessing relative corro-
sion resistance of candidate materials of construction. The
results of exposures in systems utllizing alkaline slurrles and
water as'scrubbing media demonstrate the limited usefulness
of unprotected carbon steel. Corrosion problems assoclated
with deposit formation, wet flyash abrasion, unbuffered acidic
condensates, and excessive chloride concentration are com-
mon to most systems and must be considered when selecting
materlals of constructlion with promise of optimum durabllity.
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ATTACHMENT 5.

Effect of Acids on the Stress Corrosion Cracking
of Stainless Materials in Dilute Chloride Solutions*®

A. 1, ASPHAHANI

The chloride stress cracking of stainless steels {304, 304L,
316, 316L) is shown to occur in dilute 0.8 to 4% sodium
chloride solutions containing 0.2 to 1% HaPO4 or 0.5%
CH3COOH. While more localized attacks &:im"ng;cmgiﬁ-_
corrosion] are observed in thie' chloride solution containing
acetic acid, the 0.2% phosphonc acid addition to 0.8% NaCt
is sufficient to induce stress cracking of the austenitic
stainless steels within less then 10 days of exposure at 1471 C.
The higher nickel content austenitic stainless alloys (20C5-3,
825, 20-Mod] are more resistant to the chloride stress
cracking. However, some pitting and crevice corrosion attack
is observed on these alloys, except for 20-Mod. The high
performance nickel base alloys (G, C-276] show excellent
resistance to chloride stress cracking and to localized corro-
sive attack., The susccptibility of the stainless steels to the
observed stress crocking is related to the acidity of the dilute
chloride solutions, and is explained using the concept of the
cntical potential for stress corrosion cracking.

Stellite Division, Cabot Corporation, Kol'como, Indiana

data have been reported from SCC tests in dilute chloride
environments at 300 (:,lz in chloride solutions containing H3S,
in brines simulating geothermal environments, in pure or in-
hibited hydrochloric acid at room temperature, s. and in
refrigerated HCH solution,'”?

Still, almost no data exist on the chloride stress cracking of
austenitic stainless steels in dilute chloride environments containing
traces of acids, specifically less than 2% phosphoric acid: These
environments appear of interestein some CPl applications desling
with phosphate chemicals and to thg food processing industries
using phosphate compounds as preservatives or mixtures containing
table salt and weak organic acids, where AISI 304 and 316L
stainless steels have already experienced SCCin fieldservice,7°13+4?

It is the purpose of this study to present data on the SCC of
several stainless materials in dilute chioride solutions containing
small amounts of different acids. The effects of temperature, acid
additions, and galvanic coupling are shown. Also, the resistance
and/or susceptibility of various alloys are established and discussed.

- -

. TABLE 1 — Nominal Composition of Alloys Tested (W%)

¢ Alloys Fe Ni C Mo Mn st Cu c
A1S1304 Bat 9 19 - A 1 - 005
AlSI 304L, Bt '9 19 - 2 N -  oa®
A151216 s, 12 17 25 20 M _ go
AISI 316L Ba' 12 17 25 D) -  o0a®
Carpenter 20CH-3(2) Bd 33 20 25 2N ey 3 o004 -
trcoloy 825%3) 30 et 21 3 1@ a5 2 o04
Haynesalloy No. 20Mod{®  Ba. 26 22 5 2850 (@  _  qos® . !
Hastalloy sitoy G(* 20 Ba 22 1.5 ) 2 aosih

. Hastelloy sttoy G276 5 8a 16 18° "V gg®) o o2V

("Manimum.
"’R«)’smed trademark of Carpenter Technology. Corporation. .
O)Registered trademark of Inter ! Nickel Company, Inc. .

("qumd trademark of Cabot Comoration.

Introduction

CHLORIDE STRESS CRACKING of austenitic stainless steels has
always been a problem limiting the safe use of these alloys in the
various chemical processing industries (CP1). This subject of stress
corrosion cracking (SCC) in chloride environments is by no means a
neglected one for researchers. However, most of the studies have
been limited to tests in hot, concentrated chlocide solutions,
specifically the boiling 42 to 45% MgCl, sofutions.

+ A limited amount of data exists on the SCC of stainless steels in
other aqueous solutions. The stress cracking in sulfuric acid
containing chioride ions has been tm&ewed,l inve'sxigated,z': and
commented on.” Alio, the effects of various cations le.g., 8"*",
Q"' &'00' F..’., H 00' u'. w.’. Ni". ZnOQ) hwe becn
memioned.s examined; and mmmuixed.'o’“ Furthermore,

*Presented during Corrosion/79 {Paper 42), March, 1979, Atlanta,

7

Experimental Procedure
Materials
The alloys examined included several stsinless steels and high
performance nicke! base alloys. The nominal chemical compositions
and the registered trademarks are presented in Table 1. .

Specimens

The SCC tests were conducted on U-bend specimens 26 133 x 13
x 3 mm (5.25 x 0.5 x 0.125 inch), Each specimen was deformed
around a 25 mm (1 inch) mandrel. The specimen’s ends were
maintained in a parallel position with a bolt and a nut made out of
Hastelloy alloy C-276. Teflon inserts were used to insulate the
bolt/nut from the specimen, The specimen was further stressed by
straining its ends (tightening the nut) to a fina! span of 12 mm (1/2
inch). The imposed stress depended on the yield strength of the®

Georgia. . material, and na effort was made to calculate the exact value of the
- 0034-1492/80/000180/$3.00/0
November, 1980 © 1980, National ASsociation of Corrosion Engineers 9
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spplied stress. However, all specimens were stressed the same way,
J.0., the same straining of 12 mm (1/2 inch) final span was imposed
on every specimen,

When studying the effects of galvanic coupling, small strip
specimens having 45 x § x 1 mm {1.75 x 0.19 x 0.04 inch}
dimensions were used. They were strained by bending into a C-shape
and fitting into a slotted holder with a 39 mm (1.50 inch) opening,
and held at a constant plastic strain (€ 3‘7%).°Galvanic couples were
achieved through making the holders out of various dissimilar
materials. This type of specimen/holder has been found practical in
studying the environmental stress cracking of high performance and
stainless alloys. 3

Saih 2]

*  Containers and Solutions
-7 The SCC 1tests at 82 C (180 F) and the tests at boiling
temperature were conducted in glass vessels. The tests at 141 C (285
: F} were conducted in sealed Hastelloy alloy C-276 autoclaves, The
test solutions were prepared from distilled water and reagent grade
chemicals. The specimens were checked afier 7 15" 10 days of
exposure, The failed specimens were then removed, and the tests
were resumed on the remaining specimens. The tests were finslly
stopped after a total of 30 days of exposure. Visual examination at
30X was used to determine the presence/absence of stress corrosion
cracks. Occasionally, specimens were polishe'd and examined metal-
lographically at 100X.
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Results .

Effect of Phosphoric Acid Addition
The dats on stress cracking tests conducted in 4% NaCl + 1%
H3PO4 solution at 141 C (285 F) are summarized in Table 2 and

sy w*

TABLE 2 — U-Bend Specimens {Two of Each Allay)

VENE

- - . One Month Exposure: 4% NaCl+ 1% H3PO, at 141 C (285 F}
f\v SR T Corrosion Rate Locatized Stress Corrosion
:"» Alloys mm/y mpy Corrosion Cracking

r:',_'

6" 304 016 6.1  Cravice Corrosion Yer

:" 304L 013 54  Crevice Cocrosion Yes

i} 318 0.11 4.4  Crevice Corrosion Yas

b 316L 00¢ 1.8 Sight Attack Yes

e 20Co3 007 3  Pinting-Severs No

™ . Crevice Corrosion

e 825 <001 <01 Slight Attack No

t 20Mod <001 <03 NoAuxk No
G <0.01 <0.31 NoArtack No
came <0.01 03  No Attack No

2he 3

n

ey
ChtH

g ~
_ e, e

indicate that weight losses as well as locslized crevice corrosion
attack (the areas beneath the bolt/nut) occurred on the 304, 304L,
316, and 316L specimens. Also, sll these stainless steds suffered
SCC. The cracks were of the “branching-transgranular® type {Figure
1), which is similar to the classical chloride stress cracking of these
steels encountered in the boiling magnesium chlorids test. No SCC
was observed on the rest of the slloys tested. However, alloy 20Cb-3
suffered severe localized attack (pjtting-crcvice corrosion} after the
30 day exposure in the 4% NaCl + 1% H3P0O4 solution, while alloy
20-Mod showed much better resistance (Figure 2). Slight crevice
corrosion attack was observed on slloy 825; however, alloys G and
' €-276 showed no attack st all,

It should be noted that SCC of the stainless steels was observed
st 141 C (285 F) only in the chloride solution containing the
phosphoric acid. No SCC occurred in the sodium chioride solution
(without H3P04) nor in the bailing phosphoric acid (without NaCQl),

sppreciated that the test reported in Table 2 was in 4% NaCl +1%
H3PO4 at 141 C, while in Table 3, the medium was 2% (not 4%}
NaCl at 141 C, and in Table 4 it was 2% (not 1%) H3PO4 2t 102C
. {not 141 C). These varistions were dictated by a customer problem
» being worked on; However, 1 believe the conclusions are valid since
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a8t indicated by the data summarized in Tables 3 and 4. It is
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* °  FIGURE 1 — Stress corrosion cracks; 4% NaCl + 1% H3PO4
st 141 C (285 F). (a) AlS! 304 stainless steel; 50X, and (b)
AlS] 316L stainless steel; 50X,

Table 5 shows SCC of the 300 series stainless steels in 0.8% NaCl +
0.2% H3PO4 at 141 C, Pitting attack was observed on the 304 and
304L specimens in the hot sodium chloride solution.

»The SCC of the stainless steels in the C1~ + PO4" solution did
not appear to be dependent on the Ct~ or the PO4" concentrations,
within the dilute concentration range of 0.1 to 5 weight percent.
Tests conducted in 0.8% NaCl + 0.2%:H3P04 solution at 141 C
{285 F) showed that 304, 304L, 316, and 316L specimens failed by
SCC within 10 days of exposure. The data, summarized in Table 5, )
indicated that alloys 20CH-3 and 825 suffered localized attack while
alloys 20-Mod, G, and C-276 showed no attack.

«

Effect of Temperature .

Tests were also conducted inthe 4% NaCl + 1% Hy PO, solution
at 82 C (180 F). Even at this lower temperature, the stainless steel.
specimens failed by SCC, as indicated in Table 6. Again, no attack
was observed on alloys 20-Mod, G, or C-276.

Effects of Acetic Acid and Hydrochloric Acid

The results from similar tests conducted in an 0.8% NaCl + 0.5%
CH3COOH solution (data summarized in Table 7) indicated that
SCC of the 304, 304L, 316, and 316L stainless steels was not
timited only to the chloride solutiont containing phosphoric acid.
The typical “branching-transgranular™ stress corrosion cracks were
observed on .the stsinless steed specimens (Figure 3), However,
pitting associsted with the cracks was more evident on the
specimens tested in the 0.8% NaCl solution containing the acetie

" . ) Materiste Dardfnrmmnnna
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FIGURE 4 ~ Ovenall appearance of AISI 304L stainless steel
spacimens after o;(posuro to the dilute chloride solutions at
141 C (28S F). (a) Fine stress corrosion cracks (arrows), no
obvious pitting, and (b) stress corrosion cracks (arrow),
ssvers pitting.

solution.?® However, it should be noted that the observed SCC of

the stainfess steels is not solely due to the tests being conducted at
relatively high temperature, Ze., 141 C (285 F). The present data
indicate that SCC of the 304, 304L, 316, and 316L specimens
persisted In 4% NaCl + 1% H3PO4 at the rhoderate temperature of
82 C (180 F). The relstively short time involved in producing SCC
8t 80 C {less than 10°days, Table 6) tends to indicate that in the
Gilute acidic chioride solutions, temperature is not the critical single
featurs for causing SCC of the tested stainless steels, Stress cracldng
of 304 tubulars has occurred within less than two years of service!
In complex mixtures of weak organic scids (juice at pH = 4.8)
operating at temperatures clote to 80 C (176 F). it 2ppears that the
Presence of acids in the chloride solution plays & role as important
7t that of temperature. )

' The presant data, delineating the special effects of acids in
Inducing SCC of sustenitic stainfess steels, are in agreement with

4

November, 1930 -
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TABLE 8 — U-Bend Specimen

(Two of Each Alloy)

0.8% NaCl + HC! (pH ~ 2.2) at 141 285F)

Alloys . 10 Day Exposure 30 Day M""("A
304 No Cucking(z) Cn«"{"!
304t No Cracking(? Crning
316 No Cracking 2) Crnum
3L No Cracking| Crang
20CH-3 No Cracking No Cecking
825 No Clacldng(z) No Cwking
20-Mod No Cracking No Cesking
G . No Cracking No Crwking
c276 No Cracking No Caking

My specimens with no cracking after tv 10 dey
exposure were further tested for an asrtonal 20
day exp The developec 8 leak a1
the seal and the test solution evaporatec wme time
during the testing period. The temperavnre of the
- iner was maintained at 285 F.
(2)Gcn«a| dissolution, uniform thinning.

TABLE 9 - C-Shape Specimens of
AISI 316L Stainless Steel —
Ten Day Exposure:

. 0.8% NaCl + 0.2% Hy PO, at 141 C (285 F)
The Dissimilar Alloy of the Stress Jorrosion *
Galvanic Couple Craking
Copper No
Carbon Steet No .
200 (99 Ni) No
400 (70 Ni-30 Cu) Yo
304 No
3041, Nes
316 Yes
316L Yos
20CH-3 Nes
G Yes
25 (52 Co-20 Cr15 W-10 Ni) Net
>0 fu
e RS,
e Ml
1
R

FIGURE 5 —~ Corrosion potentisl of AlS! 316 stainless st
as a function of time; T==82 C (180 F).

reports on the chloride stress cracking ‘of AlS! 316 suainles =
twbes.!® These tubes are reported 1o sutfer SCC, within les=x
thres months of service, In an environment conuim,,g 1to 2= a2t
and about 7% CH3COOH. Furthermors, the Presant data v
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" Inhibiting the SCC of 18-8 stainless steel.?

that addition of any of the acids investigated (phosphoric, acetic,
snd hydrochloric) causes SCC of the stainless steels in sodium
chloride solutions. However, some differences between the overall
effects of these acids should be mentioned. The features of the
corrosive attack vary from one acid addition to another. Acetic acid
was more severe in Inducing pitting corrosion of the stainless steels
than phosphoric {Figure 4) or hydrochlonc acids, within the same
pH range of 1.7 to 2.2, However, the phosphonc acid addition was
much more severe than acetic acid addition in causing pittingcrevice
corrosion type attack on alloys 20Cb-3 and 825 (Tables 5 and 7).

5 As to the special effect of the hydrochloric- acid addition,
general dissolution with uniform thinning was the predominant
form of corrosive attack observed during the first 10 days of testing.
. (Contrary to the localized attack and SCC observed on the stainless
stcels within the same period of testing in the NaCQl solutions
containing phosphoric acid or acetic acid.) Furthermore, due to
solution evaporation, it is not definite that the observed SCC is
representative of an aqueous 0.8% NaCl + HCI solution at 141 C
(285 F).

Still, it is most interesting that phosphoric or acetic acids cause
localized corrosion and SCC of stainless steels in dilite chloride
solutions. Phosphates or acetates have been known to inhibit
corrosion and SCC. For example, 1% NaH,P0O,4 addition to boiling
3% NaCl solution (pH adjusted to 6.4) is reported to inhibit the SCC
of high strength low alloy steet,34 Similarly, 2% CH;COONa
addition to boiling MgCly solution has been proven effective in

Yet, the data presented
herein clearly indicate that the presence of “PO4” or “CH;CO0O”
compounds in acidic dilute chloride solutions was the cause of the

- stress cracking of the 304, 304L, 316, and 316L specimens. The role
of the *“PO4"” or “CH3COO" compounds in inhibiting or causing
SCC can be explained through their effects on the crmcal potential
for SCC, i.e., P (critical, SCC) as defined by Untig.2*27 The smalt
phosphoric acid addition (as well as the small acetic acid addition}

. shilted the free corrosion potential to more fwoble values, pre-

sumably above the ¢ {critical, SCC] and within the potential range

« * where SCC occurred in the hot, dilute chloride solutions. Therefore,

alloys susceptible to chloride SCC (304, 304L, 316, and 316L
stainless steels) may not fail by SCC in the dilute NaCl solution
where the free corrosion potential lies below ¢ [critical, SCC].
However, these stainless steeds do fail by SCC upon the addition of
compounds that alter the relative position of the corrosion potential
‘vis-a-vis’’ the critical potential for SCC. On the other hand, and as
expected, the SCE resistance of the high performance nickel base
slloys {with very noble or nonexistent ¢ [critical, SCC}, e.g., alloys
G or C-276) will not be affected by any addition of “PO4” or
“CH3CO0*” compounds to the chloride environment.

In this respect, the effects of the various galvanic couples can be
expleained. Coupling 316L ta less noble metals {carbon steed, copper,
alloys 200, 400, and 304) polarizes them to a more active potential,
presumably below the ¢ {critical, SCC] and away from the SCC
potential range, However, coupling 316L to alloys close in perform-
ance or more noble {3041, 316, 20CH-3, G, and 25) shifts their free
corrosion potential to more noble values above the ¢ [critical, SCC]
and within the susceptible potential range for cracking.

Finally, as expected, no degradation of any kind was observed
on the high performance nickel basa alloys. These materials, due to
their high nickel and high molybdenum contents {alloys G and
C-276), are not susceptible 10 chloride SCC in the classical MgCly
test. They remain resistant to SCC through the various tests
summarized above. However, one point of interest is the behavior of
the highly alloyed stainless materials, Ze., alloys 20Cb3, 825, and
20-Mod. While carbon content and molybdenum addition do not
improve the performance of the 300" series of stainless steels,
increasing the molybdenum content of the high chromium, high

nickd stainless alloys (20Cb3, 825, and 20-Mod) plays a definite -

role in improving their resistance to localized attack. Alloy 20-Mod
(5% Mo} showed no pitting attack snd consistently ouperformod
alloy 20CH-3 {2.5% Mo) and alloy 825 (3% Mo) which suffered
pitnting and crevice corrosion in hot dilute NaCl solutions containing
a small amount of H3P04.
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Conclusion

1. The presence of less than 1% acid induces stress cocrosion
cracklng of austenitic stainless steels in dilute chioride solutions ot
temperatures as low as 82 C (180 F),

2. AISI 304, 304L, 316, and 316L stainless steels readily fail
by chloride stress cracking in 0.8% NaCl solution containing 0,.2%
H3PO4 or 0.5% CH3COOH or traces of HC at pH 22,2,

. 3. Carpenter 20Cb-3 and Incoloy 825 are not susceptible to
SCC in the aforementioned environments. Howevere these two
alloys suffer severe pitting and crevice cotrosion attack.

4. Under the same testing conditions, Haynes alloy No. 20-Mod
is resistan\ to SCC. Also, presumably due to its high molybdenum
coment. thns alloy shows excellent resistance to pitting and crev-ce
corrosion.

5. Hastelloy alloys G and C-276 do not suffer corrosion of any
type under the conditions of the tests conducted,

s
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. Table 3.3. Effect of NaVOy on
., Radiolytic Hz in Distilled H;0
Test solutions: A — distilled H:0,

B — 2 x 10~ 4 NaVOy
Cas-to-liquid ratio: 0.5
Cover gas: air .
Total dose: 5 x 10° rad
Test mode: radiation loop
Pumping speed: that required for
average residence time in radia-

. tion capsule of 1 to 2 min
Test Temperature Hy
Solution (*c) {vol. X)X .
A 65 32
A 95 . 23
B 65 3.7
B 95 2.6

%rstablished by gas chromatograph
after system reached steady state, as
evidenced by constant pressure.

3.5 CORROSION STUDIES IN SPRAY SOLUTIONS
(AEC Activity 04 60 80 O1 1)

J. C. Griess G. E. Creek

-

Skt

A program to investigate the corrxosive effects of low~pH (4.5 to 71.5)

spray solutions on materials of construction vas initiated, and six sets
of types 304 and 316 stainless steel specimens have been trsated in the
spray loop.! A set of spacimans usually consisted of metal coupons dew

scribed as followss

1, mill-annesled U-bend coupons,

2, sensitized U-bend coupons,

3, sensitized and pickled U-bend coupons,
4, wmijl-snnealed double U-bend coupons,
5, waldod and ground straight coupons,
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6. welded and ground U-bend coupous,

7. welded and ground pickled U-bend coupons,

8. welded and ground double U-dend coupons,

9. C-shaped specimens formed from tubing,

10. welded pipe. .

The U-bend specimens were formed by bending thin rectangular (3 by

$/8-in.) strips having a 1/4-in. hole in each end into the form of a U
and then drawing the legs of the U parallel by means of a bolt through

thae 1/4~in. holes. Welded specimens were formed by butt welding two sheets
of the same metal with a sean welder in an inart gas atmosphere and cutting
coupons from the welded sheet so that the weld bisected the major axis of
the specimens in the middle. C-shaped spacimens were formed by cutting a
- slot from a short (1/2-in.) piece of tubing to form a C. The edges of the
" C were then pulled together by means of a penetrating bolt until the tubing
was stressed to two-thirds its yield strength. Pipe specimens were made
by butt welding two picces of pipe together.
In each loop cycle, four sampies from each of the first eight types
listed were in the spray and four in the solution; also two C shaped speci-
mens and two butt-welded pipe samples were in each region. The loop was

.operated at 285°F for 24 hr and then at 212°F for 168 hr. At the end of
the 168-hr period, all samples were transferred to another container and

submerged in a solution (same composition as that in the loop) for an
additional two months at 180°F.
The solution composition and pH for each of the loop runs are listed
_in Table 3.4. |
Specimens from the first four experiments have completed the total 4
¢xpocur¢. A preliminary examination of thcse spcéimens indicates that
thc tvo months at 180‘! apparently did not add to tha corrosion demage.
vi‘%@%%m specinens from the first four experiments were exanined visually, and
’: " soms ingtances sdditional dye-penstrant examinations wers eamployed.
: \‘ l’uulu of the exaninations ars givan in Tables 3.3 and 3.6,
5 Yovle 3,5 pertains to those samples that were in the spray vegion
N thy loop cycls., The porcontaga of those oenples in vhich orvacks
tod 10 listod vith the chloride concentvation of the aolutica.
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“} Table 3.4. Solution Composition and pH
, for Corrosion Experiments
Boron as Chloride as
Bxperiment .  pg HyBOy ° HaCl
* (ppn) . (ppm)
1 4.5 3000 200
2 4.5 3000 5
-t 3 '405 3000 50
4 4.5 3000 20
5 I Y- 3000 200
6% 6.5 3000 20
22 ppm of fouine added to the solution. .
Table 3.6 contains similar information to' that in Table 3.5, except that
# it concerns those samples that wers immersed in the solution during the

loop cycla,

The data presented in Tables 3. S and 3.6 indicates that sensitizing
(1250°F for 1 hr) increases stress-corrosion cracking, with the type 304
stainless steel evincing greater damage than the type 316 stainless steel,
and stress-corrosion cracking increases with chloride concentration. The
type 316 stainless steel C specimens from the first four experiments were
free frum cracking. In experiment 3 (50 ppm Cl), one of the type 304
stainless steel C specimens cracked. In experiment 1 (200 ppm Cl), all

>

the type 304 stainless steel C specimens cracked.’

In the butt-welded pipe samples, cracking was found in only one speci-
men. The cracked specimen was type 304 séﬁinlesa steel and was part of the
set of experiment 3 (50 ppm Cl). ’

! . The specimens in the fifth and sixth runs were visually exanined after

their removal from the loop and prior to the two-month storage at 180°F.

i Assuning ‘that the storage does not significantly add to the corrosion dam-
sge, the stress cracking in expsrinents 5 and 6 will be about the szme o8
that in ths second experiment (5 ppm C1, 3000 ppm B, pH of 4.3) vith tha
sensitized typs 304 stainless steel U-bend samples being the only sanples
that showed cracking.
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Teble 3.5. The Effect of Chloride Conceatration on Stress-Corrosion Cracking of Staiunless
Steel Specimens Exposed to & Spray Solution at a pH of 4.5 Countaining 3000 ppa B

. Type of ’ Percentage of Fouxr Saeples That Cracked
Specinand Stainless .
Steel Sppm CI™ 20 ppm C1™ 50 ppa C1™ 200 ppa C1™ ,
U-bend 304 0 50 100 100 : !
. 316 0 0 0 0 :
Seznsitized U-bend 304 100 100 100 100
316 0 100 100 100 ?b,
Sensitized and pickled 304 "0 50 100 - 75 'S
U-bend 316 0 0 0 0 &n
. o
Double U-bend 304 0 25 100 .75 o &
316 0 0 0 0 g o
Belded and ground 304 0 (] 0o 50 8
strafight coupon 316 0 0 0 50 ;Ig
Beldad and ground U-bend 304 0 100 . 100 *100 ®
316 0 100 100 75
Welded £nd ground pickled 304 0 0 25 75 :
U-bend _ 316 0 0 50 0 ,
Helded end ground double 304 0 50 . 100 100
D-bend 316 0 50 50 75
"Speciaen treatment: 24 hr at 285°F and 7 days at 212°F in loop; E
2 moaths at 180°F in storage. =
% 'r
()Y
8
o
) =
2 r
=B
A

S T —
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Table 3.6. The Effect of Chloride Concentration on Stress-Corrosion Cracking of Stainless
Steel Specimens Exposed in & Solutfon at a pH of 4.5 Containing 3000 ppm B
. Type of Percentage of Four Sasples That Cracked
Specimen® Stainless
) Steel 5 ppm C1™ 20 ppa C1™ 50 ppm C1™ 200 ppm C1™

' U-bend 304 0 50 25 »
316 0 0 0 -1
: Seasitized U-bend 304 100 100 100 R oy
- , 316 0 100 15 o %
Seasitized and pickled 304 ] ) 75 75 .
D-bend 316 o 0 0 0 W
Double U-bend 304 0 0 25 0 -2
316 0 0 0 0. 8 S

Welded and ground 304 0 0 0 0

straight coupon 316 0-- 0 0 25

Bzlded snd ground U-bend 304 0 75 0 25

’ 316 0 25 0 0

tielded and ground pickled 304 0 0 0 0

U-bend 316 0 0 0 0

tzlded snd ground double 304 25 25 25 100

U-bend 316 0 0 25 0

as;wcibm trestment: 24 hr at 285°F and 7 days at 212°F in loop;

2 moatbs st 180°F in storage.
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