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PREFACE

This is one of a series of technical resource documents that
provides information on standards for facilities that treat, store,
or dispose of hazardous waste.

The documents are being developed to assist permit writers in
evaluating facilities against standards (40 Code of Federal Regu-
lations, Part 264) issued under Subtitle C of the Resource Conserva-
tion and Recovery Act (RCRA) of 1976, as amended. Included in these
documents is detailed information about design, equipment, and
specific procedures for evaluating data submitted by the permit
applicant, as well as bibliographies that can be used to locate
additional information.

The series, which is being produced by the Technology Branch
of EPA's Office of Solid Waste, includes guidance on:

° containers

° tanks

° compatibility of wastes
° incineration

Permit writers should keep in mind when using this material
that the regulations are subject to change through amendments
and modifications and should incorporate any changes into their
evaluations of facilities.

The material contained herein is for guidance purposes only
and is not enforceable. 'The technical resource documents are not
to-be  interpreted as amending the facility standards in 40 CFR
Part 264.
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INTRODICTION

This manual provides information on how to determine the campatibility of
hazardous wastes with other wastes and with the varicus types of structures—
tanks, piles, and containers—in which they are stored or treated.

"Incampatible waste” is defined in EPA's regulations (40 CFR Secticn 260.10)
as "a hazardous waste which is unsuitable for: (1) placement in a particular
device or facility because it may cause corrosion or decay of contairment materials
(e.g., comtainer-inner liners or tark walls); or (2) camingling with another waste
or material under uncontrolled conditions because the comingling might produce
heat or pressure, fire or explosion, viclent reaction, toxic dusts, mists, fumes
or gases, or flammable fumes or gases.”

Wastes are not necessarily incampatible whenever they react with each other.
Reactions involving neutralization or dissolution of cne substance by arcother,
such as metals dissolved in acid, are not generally considered to be incawpatible.
1f, however, such reactions result in fires or explosicns or generate toxic
substances in amounts that are sufficient to endarger public health and safety
ard the envirorment, they are regarded as incompatible.

The standards for containers, tanks, and pl.les (4G CFR Part 264, Supparts I,
J, and L) contain special requirements for managing wastes that are incompatible
with other wastes (Sections 264.177, 264.199, and 264.257). Methods for deter~
mining campeatibility of waste throucgh znalysis of waste and trial tests are dis-
cussed in-Chapter 2. These standards also require that contairmment structures
be camatible with the waste stored in or on them (Sections 264.172, 264.192(a),
and 264.253). Several major sources, of information on corrcsion and campatibility
between wastes and containment materials are referenced in Chapter 3.

This manual will assist permit writers in deciding whether adequate procedures
are used at a facility for detecting incompatible wastes. It will also help the
permit writer to determine if the facility owner or operator is taking proper pre—
cautions to aveid inadvertent mixing of incarpatible wastes and treating or storing
wastes in vessels or equimment with which the wastes are incampatible. Cwners
and cperators of waste treatment, storage, and disposal facilities will find the
menual useful in preparing waste analysis plans and determining the campatibility
of wastes.



CHAPTER 1

WASTE~-TO~WASTE COMPATIBILITY

Standards for facilities that treat, store, or dispose of hazardcus waste
require that incampatible wastes be separated unless precautions are taken to
prevent reactions that:

(1) generate extreme heat or pressure, fire or explesicns, or violent
reactions:

(2) produce uncomtrolled toxic mists, fumes, dusts, or gases in sufficient
quantities to threaten human health or the envirorment;

(3) produce wmcontrolled flamable fumes cr gases in sufficient quantities
o pose a risk of fire or explcsions;

(4) damage the structural integrity of the device or facility: or
(5) throuch cther like means threaten huren health or the envirorment.

Owners and cperators must doeaument the fact that they have camplied with
these requirements. Such documentation may be based on references to published
scientific or engineering literature, data fram trial tests (e.g., bench-scale
or pilot-scale tests), waste analyses (as specified in Section 264.13), or the
results of the treatment of similar wastes by similar treatment processes under
similar cperating conditions.

Campatibility of wastes must be determined before treatment or storage to
avoid uncontrolled reactions such as fires, explosions, or releases of toxic
Vapors. If a known waste has not mrevicusly been treated at a facility or if
there ic insufficient information to establish the identity of the waste, the
cwner or cperator shculd test it for campatibility.

A cambination of sources of information can ke used to determine the campo-
sition of a waste. 2Among these sources are:

° a description of the waste provided hy the generator,

infocomation of similar wastes comtained in the facility cperating
record, and

° results of detailed analysis of the waste.

Using this information, the owner cor cperator should consult available references
on campatibilities between waste constituents. (One valuable scurce of suwch infor-
mation is discussed in this chapter.) If conclusive information is not available
on the campatibility of two wastes, a trial mixing of the wastes in small amounts
can be used to determine potential consequences. (Trial mixing of wastes is also
discussed in this chapter.)



While the procedures descrired above are useful in determining the campati-~
bilities of wastes, cammn sense is also important in avoiding inadvertent mixing
of incampatible wastes. All wastes entering a facility should be checked for
color, pH, texture, and viscosity to ensure that the waste being received is the
gsame as the waste described on the manifest. Cnce the identity of the waste is
cenfimed, previcusly acquired information on the waste can be used to enswre safe
management of it.

The following steps can be used o determine waste~to-waste campatibilities:

1. Request fram the generator as much information as possible abcut the
waste to be shipped, since the information required on the waste mani-
fest is very general and of little use in determining compatibilities.

2. If that waste has not been handled previcusly at the facility, analyze
a representative sample of the waste. The information cbtained through
waste analysis substantiates the generator’'s information and determines
if additional information is needed.

3. Use the informmation on waste camosition gathered in the first and
second steps in conjunction with other available informaticn on
chemical constituents to determine waste-to-waste campatibilities
{as described later in this chapter). If the informetion is not
conclusive, potential consequences of mixing the wastes should be
determined through trial tests.

4. Check the waste when it arrives at the facility. Should this- check
show apparent discrepancies with the information provided by the
generator, further tests should be made in an attemot to resolve
the discrepancies. If the particular waste is handled on a reqular
basis at the facility, checking the waste may be simplified.

Based on all the information cathered, the waste shipment is either refused
(if discrepancies are not resolved) or accepted and managed proverly. The
information collected amd results of testing must be kept in the coperating
record of the facility.

DETERMINING COMPATIBILITY THROUGH BINARY COMPARISCN
CF CHEMICAL QONSTRAINTS

H.K. Hatayama, et al., of the California Department of Health Services,
develcped a method for determining hazardous waste campatibility (A Method for
Determining the Campatibility of Hazardous Wastes, EPA—600/2/80/76, April L9€0).t
The method described 1n this document, which is sumerized here, provides a
detailed, straicghtforward procedure for determining hazardaus waste campatibility.




The method presented is based on a study of the chemical resactions that are
likely to produce significant hazards to health or the environment. .In this
method, incampatibility is determined by identifying chemical classes ocourring
in specific waste streams. The possibility of mixing incampatible wastes in the
same storage vessel or of uncontrolled reactions during chemical treatment can
be reduced by using this information. This method, which represents a generalized
aprroach, should serve as a guide; it should not replace the services of cualified
chemists and analytical lakoratories.

In the Hatayama report, the method for determining campatibility is based on
the assigmment of reactivity group numbers (RGNs) to chemicals typically fourd in
waste streams. Reactivity group members are, basically, related to molecular
structure and reactivity of the chemicals—information that is used to predict
the campatibility of the wastes.

The method has same Limitations because it is based an binary (two-way)
carnbinations of wastes. Ternary (three-way) cambinations and catalytic effects
are not considered. Wastes, of course, typically contain several or mamy of the
groups presented.

Chemical Classes and Incampatibility Tables

A list of chemical classes, the reactivity group numbérs assigned to each
chemical class, and examples of chemicals cammonly found in wastes that are listed
for each chamical class are shown in Table 1-1.. The table also includes rredicticns
concerning incampatibility of the R@is. Forty-cne reactivity group numbers are
assigned. Numkbers 1-34 are based on molecular strixture, while nurbers 101-107
are based on reaction classifications. Binary cambinations of wastes are com~
sidered to be inccompatible if miximg the wastes results in cne or more of the
following hazardous consequences:

[

generation of heat fram chemical reaction:

¢ fire resulting from extreamely excthermic reacticn;
generation of toxic cr flammble gases:;

° explosion from detonation of unstable reaction products;

viclent polymerization reacticn resulting in generation of extrene
heat and, possibly, toxic and flamwmble gases;

dissolution of toxic substances, including some metals.®*

* Thig reaction is not currently defined as incampatible in EPA's hazardous
waste regulations.



TABLE 1-1
INCOMPATIELE WASTES

REACTIVITY GRCUP NUMBERS (RGNs) CF CHEMICAL
CLASSES AND INCCMPATIELE RGNs

Chemmical Class

Mineral acids, noroxidizing

Mineral acids, oxidizing
Acids, orgenic

Alochols and glycels

Aldenydes

Amides

Amines

Bydrazines

Carbamtes

Caustics

Cyanides

Dithiccarbarates

Examples
meiir——

chlcoresul fonic acid,
di fluorceghesphoric acid

nitric acid, sulfiric acid

benanic acid, acetic acid

ethylene glycol, ethyl
alcohol

benzaldehyde, acetaldehydd

acetamide, formamide

aniline, propanclamine

phenylhydrazine

aomoniun carbamate

lye

potassium cyanide, farro-
and ferricyanides

@015 4

Incompatible
s

All except 104

2, 4, 5, 7, 8, 10, 11,
12, 15, 18, 22, 22, 24,
25, 26, 33, 34, 102,
103, 104, 105, 107

1,2, 3,8, 18, 21, 25,
30, 34, 104, 105, 107

1, 2,3, 7,8, 10, 12,
21, 25, 27, 28, 30, 33,
34, 104, 105, 107

1, 2, 21, 24, 104, 105,
107

1, 2, 3, 5, 12, 17, 18,
21, 24, 30, 34, 104, 105,
107

1-5, 9, 11, 12, 13, 17-23,
25, 30-34, 102-107

1, 2,.8, 10, 22, 22, 25,
30, 104, 107

1, 2, 3,5, 9, 13, 17,
18, 19, 21, 22, 24-27,
32, 34, 102, 103, 107

1, 2, 3, 8, 17, 18, 19,
21, 25, 30, 34, 103, 104,
107

1,2, 3,5, 7,8, 18, 21,
25, 30, 34, 103, 104, 105,
107



Chemical Class

Fluorides, inorganics
Hydrocarbons, aramatic

Balcgenated organics

Isccyanates

Retones

Mercaptans

Vetals, alkali and alkaline
earth

Metals, cother elements and
alloys as vapors and powders

Metals, cother elamental and
alloys as sheets, rods

Metals and metal conpounds,
toxic

Nitrides

Nitriles

Vitrocompounds, organic

Examples

ethyl acetate, methyl
atyrate

diethyl ether, diphenyl
ether

sodium fluoride, potassium
flueride

benzene, toluene, cymene

chlorvacetic acid, chloro-
benzenes, bramcktutyric acid

ethyl isocyanate

acetone, MEK, benzcphenone

ethyl mercaptan, tutyl
mercaptan

sodium, potassium, lithium,
calcium, barium

cchalt, zinc

coeper, bronze, ccbalt

cadmium, mercury, beryllium,
lead

silver nitride

acetonitrile, propicnitrile

nitrobenzene, TNT, nitro—-
aniline

Incampatible
RGNS

1, 2, 8, 10, 21, 25,
102, 104, 105, 107

1, 2, 104, 107

1, 2, 3, 107

2, 104, 1Q7

lp 2' 7’ 8' lo' ll'
20, 21, 22, 23, 25, 30,
104, 105, 107

ll 2' 3' 4' 7! 8: 101 ll
12, 20, 21, 22, 25, 30,
31, 33, 104, 105, 106, 1t

L, 2, 8, 10, 11, 20, 21,
25! 30' 104' 105' 107

1, 2, 8, 17, 18, 19, 21,
22, 25, 30, 34,°1C4, 105
107

1-13, 17-20, 25, 26, 27,
30, 31, 32, 34, 101-104,
106, 107

1. 2, 3,8, 9,10, 17, 1
20, 28, 30, 34, 102, 103
104, 108, 107

1, 2, 8 17, 102, 103,
104, 107

1,2, 3,6, 7,10, 26, 3
34, 102, 103, 108, 107

1-5; 8'-13' 17‘21 ’ 26’ 27
30, 31, 34, 101, 102, 1C
104, 106, 107

L, 2, 3, 10, 21, 24, 25,
30, 104, 105, 107

2, 5, 10, 21, 25, 104,
105, 107



Chemical Class

Bydrocarkbens, aliphatic,
unsaturated

HBydrocarbons, aliphatic,

saturated

Peroxides, organic

Fhernols and crescls

Organcphosphates

Sulfides, inorganic

Epoxides

Canbustible and fiammable
meterials, miscellanecus

Explosives

Polymerizzble canpounds

Oxidizing agents, streng

Reducing agents, strong

Water and mixtures contain-
ing water

Water reactive substances

Examples
et ——

ethylene, cropylene
octane, butane

benzovl peroxide

phernol (carbolic acid)
trinitrophencl (picric. acid)

chlorothion, malathicn

mercuric sulfide, zine
sulfide, copper sulfide

ethylene oxide, crasyl
diglycyl ether

cellulose, camphor oil

TNT, picric acid, mercury
ard silver fulminates

ethylene oxide, ethvl
acrylate

chramc acid, potassimm
rermanganate

copper sulfide, diethyl
alunimm chloride, diethyl
zinc

Lithiun aluninum hydride,
sodiom, potassium, alumnum
chloride

Incompatible
Rs

1, 2, 5, 22, 30, 104, 10
2, 1C4, 107

l( 2( 4, 57 7! 8! 9' lll
12' 17-22’ 24' 25, 26p
28, 31-34, 101-105, 107

1, 2, 8, 18, 21, 25, 30,
34, 102, 104, 105, 107

1, 2, 8, 10, 21, 30, 34,
104, 105, 107

i, 2, 3, 5, 8, 18, 30,
34, 102, 103, 104, 10s,
107

1-5, 7, 8, 10, 11, 12,
20, 21, 22, 24, 25, 30,
31, 32, 33, 102, 104,
105, 107

l' 2; 21' 25' 30' 102’
104, 105, 107

1, 2, 3, 8, 10, 13, 21-2¢
30' 31 ’ 33 ’ 34r lOl ’ 103
104, 105, 107

l( 2( 3, 8; lO' ll, 12'
21-25, 30, 31, 33, 102,
104, 105, 107

l' 3‘-9, 11‘14' 16-23,
25~34, 101, 102, 103,
105, 107

1‘8, 12‘ 13' 17"'201 26'
27, 30, 31, 32, 34,
101-104, 106, 107

1, 2, 8 18, 21, 22, 24,
25, 33, 105, 107

all



The table lists for each reactivity group murber (R&N) all RXNs incampatible
with that particular RGN. For RN 1, for example, the incampatible R&Als ares 4-15,
17-26, 28, and 30-107. This means that a waste ccntaining any chemical to which
RN 1 is assigned should probably not be mixed with any other waste containing
chemicals in the R&Vs listed in the "Incampatible R&" column. The analyses were
conducted independent of quantity and therefore the results should ke regarded
as precautions rather than prochibiticns. The table, of course, does not apply
when incamatible wastes are intenticnally mixed, such as in neutralization or
other treatment processes, under controlled conditions. The Hatayama report
includes a color-coded chart that gives the specific reactions that result when
these wastes are mixed.

Determining Campatibility: An Exanple

The campatibility of four different wastes arriving at a facility must be
determined in this example. The generators provided the following information
concerning the processes generating the wastes:

Waste A: wastewater treatment sludge foam electroplating cperations

Waste B: distillation bottams fram production of acetaldehyde f£ram
ethylene

Waste C: still bottams £oom distillation of benzyl chloride

Waste D: spent pickle liquor from steel finishing cperations

Representative samples of the wastes were analyzed with the following results:

Waste A: cadmium, chromium, and nickel were detected throuch atcomic
absorption spectrophotametry. Cyanide was detected throuch
titration or the use of a specific ion electrcde.

Waste 3: chlcroform, fomaldehyde, methylene chloride, methyl chloride,
paraldehyde, and formic acid were detected throuch gas chramto-
graghy.

Waste C: Dbenzyl chloride, chlorobenzene, toluene, and benzotrichlcride were
detected through qas chramtograghy.

Waste D: pfl was measured at 1.8. Iron was detected through atamic absorp-
ticn. Chloride was detected throuch use of a specific ion electrode.

The following reactivity grcup numbers were assigned by using Table 1l-1.
Waste A: 11, 24

Waste B: 17, 5, 3

Waste C: 16, 17

Waste D: 2



At this point, Table 1-1 (or the nore camplete campatibility chart included
in the Hatayama report) is employed to determining campatibility of all possible
pairs of wastes. The results of this camparison, which are provided in Table 1-2
show that only wastes B and C are ccarpatible.

CETERMINING COMPATIBILITY THRCUGI TRIAL MIXING CF WASTES

Bench-Scale Tests

A bench-scale test involving trial mixing of representative samples of
hazardous wastes is often the least costly method for determmining the campatibility
of waste. A trial test, when carried cut with proper safety precautions and in
a controlled and monitored enviromment, can often determine the nature (extent
and violence) of the reactiocns that occur between two cr more wastes.

Sae pricr kncwledge of the waste (background information or limited analysis)
is necessary before trial mixing. With this information one can determine the
potential consequences of the reaction.

The quantity of a sample o be used for trial mixing depends upon individual
circumstances. Sampla should be of sufficient size to produce clearly discernible
effects of the mixing. The samples must, hcwever, be =uff:.c1e.nt.y snall to assure
that amy reaction can be controlled.

One can detarmine the extent of upper and lower explosive limits for flammble
Gses by carafully observing upward flame propacaticn throuch a cylindrical tube.
The amounts of toxic cases produced as a result of reaction may be discovered by
qas chrocmatography for orcartics and by specific ion electrodes for rany inorcanic
gases in soluticn.

One method for quickly detecting the evolution of toxic gases involves the
use of detector tubes, a variety of which are cammercially available. To determine
if toxic gases are produced by the reaction being tested, the gas is aspirated
throuch a detector tube for the specific gas. A change of color in the tube
indicates the presence of the particular gas, the concentration of which is
proportional to the length of the change of color in the tube. A single tube can
detect the presence of more than 20 gases.

Precauticns Concerning Trial Tests

The mixing of twe wastes for which only limited information is available can
result in highly violent and dangerous reactions. Safety precautions must
therefore be taken to protect laboratory persormel. They should wear explcosion-
proof hoods ard safety glasses and the surroundings should be fire resistant.
Safety showers, eyewash staticns, and first-aid kits should be available. All
persommel should, of course, be famililar with fire and emergency procedures.

The reactions between two wastes in a small-scale test may -not accurately
reflect the results of large~-scale mixing. In large-scale cperations, reactions
that appeared insignificant or were undetectable in the laboratory can have sig-
nificant consequences (such as generation of large amounts of heat or toxic fumes).
It is cbvious, therefore, that extreme care and adequate safety precautions should
always be used when mixing or treating large quantities of hazardcus waste.
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TABLE 1-2

WASTE-TO0-WASTE COMPARISONS
Using Reactivity Group Numbers

Wastes A and B Wastes A and C
N 5 3 c 16 17
A
11 I I 11 I
24 (1) 24
Wastes A and D Wastes B and C
D C
A 2 3 16 17
ul 1 17
5
241 (D)
3
Wastes 3 and D Wastas C and D
& 2 N 2
17 I 16 I
ST vl ot
3 1

I -~ Incompatible
(1) - Conmsequenca 13 the solubilization of toxic models which is not
currently defined by EPA as an incompatible reactiom.
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CHAPTER 2

COMPATIBILITY QF THE WASTE WITH THE CQCNTAIMMENT STRUCTURE

The standards for treatment, storage, and dispecsal facilities (40 CFR, Part
264) require that wastes be camatible with their contairnment structure. In this
context, "campatible” means that the waste will not cause accelerated corrosicn
or deterioration of the contaimment structure and will not impair the ability of
the struchire to contain the waste. "Contaimment structure” includes containers,
tanks, pile bases and liners, ard swrface impoundment liners. MNone of these struc—
tures, of course, has an infinite lifetime and some corrosion and detericration are
expected over time. Consequently, only wastes that significantly accelerate corro-
sion or deterioration are considered incampatible with the contairment material.

General informetion on corrosion, corrosion rates, inner liners used to
prevent corrosion, and the resistance of liners to chemical attack is provided
in this chapter. Also included are references to valuable sources on rates of
corrosion and on liners. Corrosicn inhibitors, used to protect structures and
equipment, are also discussed, and same examples of common inhibitors are provided.
Cathodic protection which is mrimarily used to protect a tank from reaction with
surrounding soil is discussed briefly.

ORRCSION OF METALS
General Corrtsion

Corrosion is a complex pherxamencn that is usually confined t the metal
surface. The coamplete corrosion reaction is divided into an ancdic (positive)
porticn and a cathedic (negative) portion, ocourring simultanecusly at discrete
points on metallic surfaces. Flow of electricity from the ancdic to the cathedic
areas may be generated by local cells set up either on a single metallic surface
(because of local point-to-point differences on the surface) or between dissimdlar
metals. Corrosion cells, which derive their driving voltage from the interacticn
of two different metals, are called bimetallic cells. Such cells are created
when two dissimilar metals are cormected.

Localized Corrosion?

Intergranular Correosion. Selected corrosion in the grain boundaries of a
metal or alloy without appreciable attack cn the grains or crystals themselves
is called intergranular corrcsion. When severe, this attack causes a less of
strength and ductility out of proporticn to the amount of metal actually destroyed
by corrosion. Alloys such as the austenitic stainless steels and same altmiran-
ccpper alloys, when improperly heated, became susceptible to intergranular corro-
sion because of the precipitation of intergramilar compunds.

The austenitic stainless steels that are not stabilized or that are rot of
the extra-low carben types, when heated in the tamperature range of 850°-1530°F,
have chramum-rich corpounds (chramum carbides) precipitated in the crain bound-
aries. This leads to susceptibility to intergranular corrcsion in many envircrments.

11



When improperly heat treated, same almu.mm—@per alloys became susceptible
to selective grain-bocundary attack. This attack is attriluted to grecipitation
of relatively large particles of the CuAly constituent at the grain baundaries,
which results in depletion of copper fram the grain boundaries of adjaca'lt
aluminmum—copper solid-solution materials. Depletion of copper in the grain-
boundary material causes the affected metal to Fecame ancdic to both the CuAlj
preupluate and the Al-Cu solid solution, and intergranular corrosion will
progress in same envircmments by galvanic behavior.

Pitting Corrcsion. Pitting is a fom of corrosion that develcps in highly
localized areas on a metal suwrface. Chloride ions enhance pitting carrosion of
stainless alloys.

Stress~Corrosion Cracking. <Corresion can be accelerated by stress, either
by an internal or external force.

Galvanic Corrosicn. Galvanic corrosion is the excess corrosion rate that is
assoclated with electrons flowing fram an ancde to a cathode in the same environ—
ment. Galvanic corrosion is an important consequence of coupling two metals that
are widely separated in the galvanic series. The result is an accelerated attack
on the more active metal.

Crevice Corrosion. Crevice corrosion occurs within or adjacent to a crevice
formed by contact with ancther piece of metal. This phepamernon is asscciated
with a deficiency of oxygen in the crevice, acidity changes in the crevice, or
tuildup of ions in the crevice.

Factors Influencing Corrosion.

H. Acid solutions are, in general, more corrosive than neutral or alkaline
solutions. With amphoteric metals, however, such as aluminum and zinc, hlghly
alkaline solutions may also be quite corrosive.

Oxidizing Agents. Most of the corrusicn cbserved in practice occurs under
corditions where the oxidation of hydrogen (to form water) is an unavoidable part
of the corrosion process. For this reason, oxidizing agents are often powerful
accelerators of corrosion. The oxidizing potential of a solution is therefore an
important oroperty affecting corrosion.

Temceratura. The rats of corrcsion tends to increase with rising temperature,
. et t—— N N . . N
since chemcal reaction rates always increase with increases in temperature.

Chlorides. Chlcorides generally accelerate corrosion of iron and steel,
since even small amounts of chlorides can break down the passive oxide £ilm on
stainless steels.

Stray Currents. Stray electrical currents that cane fram power lines or
fram improperly constructed electrical systems and travel through the soil before
returning to the source cause differentials in electrical potential leading to
rapid corrosion.

12



PROTECTION AGAINST CORRCSION

Soluble Inhibitors

Soluble inhibitors are substances that can be added to the contents of a
waste storage tank to inhibit corresive reactions. The choice of a particular
chemical to be used as an inhibitor is highly dependent on the campositicn of the
tank contents.

In order to understand the action of soluble inhibitors, it is important to
know the mechanisn by which corrosion is created. Corrosion ocours at ancdic
points on the surface where iron goes into a solution:

Fe = Fe™ + 2e~ (ancdic)
At the nearest cathodic point, the reaction usually occourring is:

HY + 287 H, (hydrcgen evaluation in acidic solution,
cathodic)

or 1/2 0, +H,0 + 2"=——>XH~ (oxygen reduction in alkaline
solution, ( cathedic)

Since the ancdic and cathedic reactions ocowrring during corrosion are
mutually dependent, it is possible to reduce corrosion by reducing the rates of
either reaction. Corresion inhibitors function by interfering with either the
ancdic cor cathodic reactions, or both.

Certain organic campounds can fimction as inhibitors by foming an impervious
film on the metal surface or by interfering with either the ancdic or cathodic
reactions. High molecular weight amines retard the cathodic hydrogen evolution
reaction (H¥ + 2 Hz) and therefore reduce the corrosion rate. Arsenic
and antimony ions specifically retard the hydrogen evolution reaction. They are
therefore effective in acid solutions but are ineffective in environmments where
other reduction processes, such as oxygen reduction, are the controlling cathedic
reactions. Conversely, same irnhibitors work effectively in solutions where oxygen
reduction is the controlling cathodic reacticn. These inhibitors (such as sodium
sulfite or hydrazine) act by ramoving oxygen from the solution; they are not,
however, effective in strong acid solutions.

Chromte and nitrite are primarily used to inhibit the corrvsion of metals
and allcys that demonstrate active-passive transiticns, such as iron and its
alloys and stainless steels. (Passivity refers to the loss of chemical reactivity
of certain metals and allcys under particular envircmmental conditions. Metals
that possess an active-passive transition became corrosion resistant in moderate—
to—strong~cxidizing enviroments.)
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Paints, Coatings, and Linings

Paints and ccatings are widely used as corrosicn inhibitors, particularly
for the prevention of corrosion owing to exposwre o the elements. Paint helps
to exclude water and oxygen fram the metal surface, thus preventing fommaticn of
rust. Paint and varnish films are not, however, entirely impervicus to water and
oxygen.

Inhibitive pigments, such as chramtes or red lead, are camrenly used in
paints for protecticon of metal from corrosion. Inhibition of corrosion occurs
because of several factors: the pigment neutralizes acids, catalyzes the formaticn
of protective ferric oxide films at the iron surface, and (in the case of red
lead) serves to destroy sulfur dioxide, which is a very corrcsive constituent in
the ambient air of urban and industrial areas.

A stperior alternative to ccating the tank with paint is lining it with a
highly impervicus material. Linings are applied to the walls of the tank or
container and serve to protect the wall fram contact with the liquid contents.
Examples of cammon lJ.ru.ng materials are rubbers, epoxies, and silicones.™ (A
discussion of the resistance of lining to chemical attack is included in the
following section on evaluating and selecting structural and lining materials.)

Cathodic Protection

Cathodic protection minimizes corrosion by establishing an electrochemical
cell in which the metal to‘be protected is the cathocde. Two.methods are:

1. The sacrificial anocde method uses zinc, magnesium, or aluminum as ancdes
in electrical contact with the metal. The required current is generated
by corrosion of the sacrificial ancde material.

2. The impressed electromtive force method provides direct current by
external sources, which is passed through the system by use of ancdes
(such as carbon, noncorrodible ailoys, or platinum) buried in the ground
or suspended in the electrolyte in an agqueocus systanm.

EVALUATING AND SELECTING STRUCTURAL AND LINING MATERTAL

Corrosion Tests

When information on experience with similar wastes and material (structural
material and linings) is not available, corrousion tests are highly recammended.

* For additional material on coatings and liners, see EPA's Lining of Waste
Impoundment and Disposal Facilities (SW-870) and the permit writers' guidance
manual on storace of hazardous waste in containers (SW-XXX).
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Exposure time is very important in testing of metal samples. In a batch-
treatment process, test time should equal the expected batch time. In continucus
treatment processes, test time can be determined as a function of the corrosion
rate as follows:

Minimum exposure time = 2000
(hours) Corrosion rate in
mils per year

(1 Ml = .001 in)

In addition to weighing, the corrosion rate can be determined by inspecting
samples for pitting, crevice corrovsion, or stress-corrosion cracking. A corrosion
rate of over 20 mils per year is generally considered poor and is only justified
in special circumstances. (For additional information on corrosion tests see
reference 4.).

With polymers, lcng-term effects may be accelerated by testing at elevated
temperatures. Solvent attack of polymers is measured in terms of swelling, loss
of strength, change in color, and deterioration. In a l-month test, a 15 percent
loss of tensile strength or 1.5 percent change in weicht indicates poor resistance.
For rubber, a 5 percent change in weight or 25 percent charge in volume after 30
days indicates poor resistance.

Structural Materials

Since steels are the principal construction material for tanks and containers,.
this discussion of.resistance to corrovsion of structural materials is limited to
staels. Information on scme other materials is summarized in Table 2-1. (Addi-
tional information can be cbtained from the Naticnal Associaticn of Corrcsion
Engineers, the American Concrete Institute, and the Chemical Engineers' Handbook,
(cited in reference 2). Examples of the types of information available are
provided in Appendices 1 and 2.

Carben Steel.2 Carban steel is a low alloy or mild steel. Carbon steel
should not be used in comtact with dilute acids. It can te used effectively as
construction meterial for tanks holding organic solvents. In addition, carkon
steel is relatively inexpensive, and it exhibits excellent ductility.

Stainless Steel.2 There are more than 70 standard tyres of stainless steel
and mamny special alloys. Stainless steels are iron-vased, with 12 to 30 percent
chramum, O to 22 percent nickel, and minor amounts of carbon, nicbium, ccopper,
molybdemm, selenium, tantalum, and titanium. Stainless steels are divided into
the following three groups:

a. Martensitic alloys conmtain 12 to 30 percent chramnium with small amounts
of carbon arnd other additives. Corrcsion resistance is inferior to
other groups of stainless steel. Martensitic steels can be exposed to
organic materials.

b. TFerritic stainless steel contains 15 to 30 percent chramium, with low
carbon content. Corrosion resistance is good, although ferritic alloys
are attacked oty hydrochloric acid. Ferritic alloys can be used with
mildly corrosive acids and same oxidizing media.
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TABLE 2-1

COMPATIBILITY CHART: CHEMICALS VS

Construction Material

Steel

Aluminum

Magnesium

Lead

Copper
Nickel

Zinc

Tin
Titanium

STRUCTURAL MATERIALS

Incompatihle Chemicals

Mineral acids; oitric, hydrochloric,
sulfuric acids

Alkalies; potassium hydroxide, sodium
hydroxide, mineral acids

Mineral acids
Acetic acid, nitric acid

Nitric acid, ammonia

Nitric acid, ammonfa
Hydrochloric acid, aitric acid

Organic acids, alkalies

Sulfuric acid, hydrochloric acid

2



¢. DAustenitic stainless steels are the most corrcsicrn-resistant stainless
steels. These steels contain 16 to 26 percent chromium and 16 to 22
percent nickel. Carbon content is very low. Austenitic stainless
steels have excellent resistance to nitric acid. Chloricde ions,
however, will cause significant ccrrosion.

Lining Materials

A brief summary of information on the campatibility of lining materials is
presented in Table 2-2. Additicnal information is available from the Naticnal
Association of Corrosion Engineers and the Chemical Engineers’ Handbook (reference
2). Information on lining materials used for pille bases and surface impoundments
is contained in EPA's Lining of Waste Impounément and Disposal Facilities.S3

Corrosion-Resistant Piping

A brief summary of informmation on the durability of "rubber” hose is contained
in Table 2-3 and the article "Beat Corrosion with Rubber Hose."S

17



TABLE 2-2

COMPATIBILITY CHART: CHEMICALS
VERSUS LINING MATERIALS

Lining Materials ' Incompatible Chemicals

Alkyds Strong mineral acids, strong alkalies, alcohols,
ketones, esters, arcmatic hydrocarbouas

Vinyls (polyvinyl- Retones, esters, arocmatic hydrocarbous

chloride-PVC)

Chlorinated Rubbers Organic solvents

Epoxy: (amine-cured, Oxidizing acids (niltric acid), ketones
polyamide cured, ot

esters)

Coal Tar Epoxy Strong organic solvents

Latex Oxidizing acids, ketones, estaers

Polyesters Oxidizing acids,. strong alkalies, mineral
acids, katomes, sromatic hydrocarbons

Silicones Stroug mineral acids, strong alkalies,

alcohols, ketomes, aromatic hydrocarbons
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TABLE

2-3

PIYSICAN. CIHARACTERISTICS OF MAJOR BOSE STOCK TYPES

Hose
Compound Natural
itrength Rubber Ethylene Fluoro- Epi-
nd (and Styrene  Butyl Propylene llypalon Neoprene Buna N elastomer chloro- Polyester
leststance But adlenc®) (11R) {(EPDM) (CSH) (CR) {NRR) Tufflex?t Gatront (FPM) liydrin Elagtomer Nylor
‘enslle Excellent Fair to Cood Good Good Fair to Good Good Fair Good Good Cood
treagth good good
‘earlng Good to Good Good Falr Good Faly to Good Falr Falr Good Good Good
excellent good
brasion Excellent Faic to Goad Good Good to Falx to Good Fair Cood Fair to Cood Cood
good excellent good good
lame Poor Poor Poor Good Very Poor Fair to Poor Good Poor Poor Gaod
good good
etroleum, oil Poor Poor Poor Good Good Good to Falr Encellent Excelleat Excellent Good Excel
nd commercial excellent
asoline
as permeation Fair Out- Pair to Good to Cood Good Good Good Good Good Good Excel
atanding good excellent
eathering Poor Excellent Excelleat Very Good to Good*+ ‘Excellent Excellent Excellent Very Cood Excel
good excellent to poor good
tone Poor Excellent Out- Very Good to Coodh* Excellent Excellent Excellent Very Good Excel
standing good excellent to poor good
:at Poor Excellent Excellent Very Cood Good Falr Falr Out- Excellent Excellent Good
good standing
w temperature Good Very Good to Poor Falr to Poor to Excellent Falr to Cood Excellent Excellent Excel:
good excelient good falr good
:neral Good Good Cood Good Good Falr to Good Excellent Excellent Fair to Good Excel!
gqod good
‘Styrene butadiene polymer (SBR) has properties very similar to natural rubber.
'‘Good to poor depending on requirements and compounding.
"“Trademarks of Gates Rubler Co.
8, 1980,

ureces

Inc.,

New York,

NY

10020.
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INTROQLUCITTON

in the development of new chemicai procasses, questions invaria-
bly are raised concerning the choice of materials for certain equip-
ment. However, as available corrosion information is scortered
widely through the rechnicol literature, these questions freguently
are not eqsy 10 aniwer.

This survey summarizas pubiished dara in g group of chars for
ready reference in crder that passibie marericis for use may be
recognized quickly and unwitable ones rapidiy eliminated. These
charrs act onty as a guide and it is fo be expected that in most
cotes additionai corrosion testing and pilat plant experience may
be necassary. The charrs have been checked aguainst acruai plant
conditions and. & good correiation has been found. In cases of
doubt, representatives of metai and ather material suppiiers often
con be helpful in wpplying additional information. In any event,
_the services of o Corrosion Engineer for o precise interprefation
of the data, combined with suppiemental information will be most
beneficial.

Referencas on the graphs have nat been ccknawledged. They
kave been collected from g wide variety of wurcaa_,‘ but have-
been taken for the mast part from the following publications:

Title
Book of Stainiess Steels
Chemical Engineering
Cambatting Corresion in Process (ndustries
Carrosion
Corrosion Guide
Carrusion Mandbook
Corrosion Catalog
Dechema Werikstoff-Tabelle -
Duriron Cataleg
Industrial and Engineering Chemistry
Interstate Cammercs Commission Reguiations-
Karrosionstubeilen metailischer Werkstoffe
lead

Materiais of Canstruction for Chemical Process Industrie

Materials Protection:
Maeehanite Catalog

Matais and Alloys

Matais and Alloys Dota Book
Matais Mondbook

Nickel and Nickei Alloys

Qil and Geas Joumai

Silver in Industry

In using the charrs, reference should be made to the code on
Page x This illusircres the methed by which concantrotion and
tempercture are compared against corrosion rates,

The following commaents enlarge on the means used to present
the dota and emphasize the importance of many cdditionai
factors in determiging the corrosion resistance of a material.
All factors involved in the proper selection of a materiai for ¢ given
service cannot be expressad in such o simple, graphical form.
Consequently, IT IS IMPORTANT THAT THE FOLLOWING NUM-
BERED SECTIONS 8E READ CAREFULLY.

1. Comrusives

Although the major arrangement of corrosives is clphabatical,
a series of charts listed in the Tabie of Contents present additional
infarmation on special topics and on certain generally ancounterad
carrosives. Experienca with previous reports hos revealed that a

grouping of corrosion rates by umilar compounds is heipful. When
information on fhe porticuicr corrosive under consideration is
meager or lacking, there may be others in the some general group
which couid be expecred to react with materiais in ¢ umilar
manner.

1 Materiais of Construction

Materials of construction avcilable of reasonabie cost and in
a wide variety of forms have been islectad for generai corresion
rafing. In special coses, other materials qlso are pictred.

This schadule of matarials and their cnalysas illustrates one of
the drawbacks of a collection of dara such gs this. it wouid be
difficult, if not impossible, to accommodars information laboricusly
compiled over the years ro changed ailoys. For example, Carpen-
ter 20 Allay, formerly with 29 percent nickel, was changed 1o 34
percent nickel five years ago. Thus dara reiating to rhis ailey
compiled before 1942 obviousiy cannot be used with confidence

Author
£ E Thum
McGraweHill Pyblishing Campany
Crane Company
Natianal Association of Carrorion Engineers
£ Rabald
M. M. Uhbiig
Pacific Foundry Company
E Rabold and M. Bretschneider
Duriron Company
Amencon Chemicol Society
X ol
F. Ritter
Llead industrie:
lames A Lee
Ngtianal Assaciation of Carrosion Engineers
Meehanite Carparation
Reinhold Publishing Company
S L Hoyt
American Society for Metals
Internotional Nickel Company
Patroleum Publishing Comoany
L. Addicks, A. Burrs, J. M. Themas

in considering the ailoy currently bearing this designation. Simi-
larly, a whole host of new data has bean accumuiared unce 1960
on such metals a2 gold, platinum and tantaium, now grouped
under one heading in the tcbies. The new daota permit precise
discrimination among these matericis which cannct be dispioyed
in the tobles a3 now arrayed.

Materials have bean grouped under ganeral classification head-
ings according to the major base metel. Within each classificotion
are a aumber of materials frequently cansidered ta have com-
perobly similor corrosion resistances. For exampie:

a. In carbon steels, corbon content up 1o 0.30 is not considered to
alter apprecicbly the corrasion rate..

b. Copper, red brass, silicen bronze, aluminum branze, tin bronze
and the cupronickeis are considered to have similar corrosion
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resistances in mast media, hut it is recegnized thay can differ
markedly in specific environments.

e In stainless steels, Types 302, 304, 304L, 321 and 347 are ex~
pected to have similar corrosion resistance and ars grouped
as 18-8 stainless in the corrusion tgbles.

d. In aluminum ailoys, the fallowing fypes cre expected 10 have
equivalent carrosion resistance: 1100, 3003, 3004, 5052, 4061,

sé\ 46062; ond cost 8214, 356 and 406. No aluminum glloy
\L\ containing aver ‘_0_ copper thouid be considered 1o have corro-

O ¥ sion resistance équal 1o thase previausly lisred.

Thua, where data on any of the above are shown on the charts,
other materiais in the same group uaually can be expectad 1o per-
form in g like manner,

3. Concentrution of Carvosives

Coancantration in aii coses (except in cartain solutions and gases
sither desiccared or essenticily s0) are considersd to be warar
dilytions of pure compounds. Although it is fully understocd that
small quantities of contaminants may have g profound effect on
carrosion rates, this factor is not ordinarily token into account,
usuaily (but not ciways) because the specific contaminants are not
reported in the referances from which dara are taken. In instances
when q mulal was Jesignated as being unaffected by g chemical
and no mention was made of concentrgtion or tempercaiure, the
charts show the metal as safisfactory ar the 100 percant line ar
roocm temperature, This indicares thar the metal has a possible
yse and could be tried.

Ratings for dry, or essenriaily dry, material aiso have been
noted because, among cther uses, such notations are heipful in
selecting materiais fo be used as shipping ar storage conrainers,

4. Temperaturs

The affect of tempercture on corresion reachions does nof 1afis-
factorily fit the usual rote equations. The temperature affect is
rarely exponentiai, as it would be for mast chemical reactions and
i is rarely linear as it would be if infl d by physical changes
alone. Rate increcses of 100-to 200 -perceant-per-iQ C incramaents
are fypical of chemicai reactions and rate increases of 20 to 30
parcent per 10 degree rise are typical of diffusion-controiled
processes. Some experimentai corrosion rotes incragss with tem.
perature whereas athers decrecse and in some cases maxima are
abserved. in generai, the effect of temperatura on the corrosian
rate degends an its influence on the factors contrelling the corre-
sion reaction and the electrochemicat potential of the metal.

Temperature may affact the corrosion rate through- its effecr
on oxygen solubiiily and cvailgbility, As-temperature rises axygen
salubility in an aquacus soluticn decrsasas and ot the boiling point
all axygen is removed. Opposed fo this is the fact that the diffusion
rate of oxygen increases with tempercture. it is rother common,
therefore, 1o find thot the corrosion rate increqaes with tempercture
ta some moximum ond then decreases fo some low volue of the
beiling goint.

Temperqture muoy cffect corrosion through its affect on pH.
Secause dissociation of water increases with tampercture, pH de-
crecses with temperature. At 40 C, the “neutrci” pH is 4.4. The
corrosion rate of steel in.water at 22 C is constant from pH 4 to piH
1Q But it rises on the acidic side and dacreqias on the cikoline side.
At 40 F the platecu is narrower, extending from pH 4.5 to 8.5. This
reflacny the enhancsd octivity of the hydrogen ion in increasing
the corrosion rate on the low pi side and the increased activity
of the hydroxyl ion in passivating the steel on the aikaline side.

Tampercture aito may affect carrasion rates thraugh its affect
an filma. It may increase the solubility of protective corrosion prod-
ucts, a3 in the case of lead in hydrochloric acid. Lead chioride is
insoluble and protective: in cold, but is soluble and non-protective
in hot acid. A changs in temperature ciss may bring about changes
in the physical nature or the chemicai composition of corrosion
products which may make them considercbily more, or less, pro-
tective. The behaviar of zinc in water is an example. Anather effect

of rising !emperatures on films is caused by grecipitation of pro-
tactive coatings ‘on metallic surfgees, as in waters containing <ai-
cium wifate and calcium cartanate.

in salutions undar pressure at temperatures cbove their normal
boiling points, corrosion rates may incraase quite rapidly with tem-
perature, passibly because many of the factors {such as diffusion,
which normaily acts tg iimit corrosion) ars ne longer coatralling.
The limiting effect of diffusion clso can be overcome by repid
movement.

The effect of heat flux an the corrosion rote must be recognized.
Maintgining a liquid ot a bulk temperature of 120 Cin g vessel con
preduce no corrosion, whereas the same temperature on the heat-
ing side of @ maral surface can result in cotastrophic corrosion.

Alsa, cerrain materiais moy have chemical stability in an environ-
ment beyond the rempercture ot which they are structuroily sta-
ble. The physical and mechanical propertiss of the material then
need o be fuily appraised before making a choke.

Temgperatures are plofted in degreas Fohrenheit from 75 10 800
degrees on the left and in the corrasponding degrees Cantigrode
on the right. Where information is available af temperatures abave
425 C, a figure indicating this darum is added 10 rhe graph. This
method permits svaluation of informatian in the mast cammoniy
used range below the boiling point and clse permits platting of
high temperaturs dara.

5. Corrosion Rotes

An arbitrary ser of corrosion rates has been esrablished 1o meet
the requirements of instrument, design and maintenance eagi-
neers. While it is desirable that chemical plants be constructed
of materials which will be frae from corrosion, this is not clways
passible nor econamicaily crtractive so it is recognizéc thar the
most aconomical overqgll procadure is to provide for o smail losses
of metai and keep the plant maintained by canstant inspection
and ragair of corroded and wornout parrs.

The ideal ratfing (3 solid circle) hcs been assigned when corro-
sion it. leas then 0.002-in (2 mils) per year, representing matarials
thar woavid suffer essentiaily no dimensional changs during rhe
life of the process. Many materials have this praperty and may be
used for same pieces of equipmaent, aithough they may be ruled
out for ethers becouse of cther foilings, such as ¢ontamination of
product, brittlenass, remperaryre limitatians, or unavailebiliity in
syitable form.

When this highest degree of corrosion resisiance cannc! be in-
dicoted, o sacond rating (an open circle) representing less than
Q.020-in per year corrosion rare is used. In the development of
this cotegoary, considerable difficulty has been encountered owing
to the various methods of reporting corrosion dara. it has been
found that many exceillent mcterioils will be reported as "Recom.
mended” or “Complerely Resistant”. it is believed thor some of
these moterials mey have corrosion rates less than 0.002-in per
yaar. Howevar, without actual figures, they have been placed in
the second cotegory rother than rhe ideal one. For the majority,
corrosion rates probobly will be below 0.005-in per year. The rating
of 0-020-in per yeaor indicates those materials which normaily wouid
be specifiad where ¢ corresion ailowance of /15 to Ye-in is added
far protection againat possible mild corrosion.

A third classification (an open squars) is provided ta indicote a
corrosion rate betwean 0.020 anc 0.050-in per year. These mate-
rigis con be used only in special coses where such a rate can ba
tolerated, but are not considared adequata for general plant can-
struction.

The flaal rating (o croma) n given whaere the corrosion rate is
probobiy too high te marit consideration (over 0.050-in per year).

ir is conceded thar detericration of most non-metallic materiais
shovid not be expressed in the sqgme manner as the corrosion of
metais. However, the same rating <ode has been used in this pube
lication 1o ailow presentation of the deta in compact form. Whan
reviewing the data for the non-metaliic matenais, consider the
solid dot to indicate fully satisfactory resistance, the unshaded
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circle to indicote useful rasistance with some lass of properties,
the square o signify doubrful unility of the material with testing
definitely required, and the X to show severe arack of the mare
rial

6. Additional Factors [nfluencing Comrosion Rates

There are mony factors besides concentration and temperature
which influence corrosion rates and, while they are often extremely
imparrant, it is impossible to list them ail in a survey of this type.
For example, velocity, asration, heat flux, the presenca of oxidizing
agents and other chemicol contaminants con either increase or
decrease the corrosion rate, so where possible, rates have been
added to graphs indicating these effecrs.

The effect of gaivanic coupling is aiso impeortant in qssessing
the usefyl life of o piecs of equipment and Tables 1 and 2 are
expasitions of the golvanic series in seg water. While minor shifrs
in the position of ciloys may be expectad in other eiectroiytes, the
1ea water series is @ good guide to the behavior of alloy groups
when coupied. Normaily when ailoys ciose tegether in the series
are in contoct they will not cause-a significant increase in corrosion
rate of the metai higher in the saries.

TABLE 1 —Galvanic Series in Sea Water
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Weiding is anather factor which may influencs service life. Aside
from intergranula. corrosion, which is discussed later in Section 8,
there are instances where as-deposited weld metai is attacked in
preferencs 10 the base metal; conversely, there are occosions when
the weidment is more resistant. Additionaily, locaiized stresses due
to welding often make zones adjacent to welds wusceptibie 1o
stress corrosion crocking. For these reasons, selection of correct
weiding materiai is as important as seiection of base material.

Many clloy systems show variations in corrosion resistonce as o
result of being heared or cooled in g certain way. It is important
that fobrication and heat tregtment are such that an ailoy‘s cor-
rosion resistancs is not impaired if the fobricated part is intanded
for corrosive service. Generally the solution annealed condition is
praferred, byt the manufacturer of the ailoy should be consuited
for his recommendations.

7. Effect of Stress on Corrusion Rotes

Generaily, stressing metais at less than their elastic limit does
not markedly increase corrosion rates. Under some circumsrances
and under special conditions of temperature and with some corro-
sives, this may not be true. it is true ciso in some environmaents that
clternating stresses result in faster corrosion rates than static stress
in one direction alone. Markedly differant corrosion rates have besn
experienced with certgin merais whan they were stressed after
exposure in on environment than when they had been siressed be-
fore exposure. There uizn may be a differentici in corrosion rates
(1) Reproted from ~Cadvanse C
uan, Sy Ne. 1, 3691 (1949} March.

in Ol and Cas Well Fluids” by F. L LaQua. Corre

between thot side of a material under compressive siress ond e
one yndear extension.

The whoie subject of corrmsion of matericls under iress is
exceedingly compiex, 5o no brief explanation can be adequate.
The engineer seeking data on corrosion performonce needs to be
aware of the fact that stresses on matrerials are important facrors
in performanca. |f any indecision exists concarning the behavior of
o given material ynder stress, the services of a competent corro-
sion metailurgist wiil prove heipful.

There are very important instances when stress and corrosion.
operating simuitaneously will not couse increased general ortack
but will preduce fracture. These are cailed corrasion fatigue and
stress corrosion cracking. While carrosion fatigue may occur in any
corrosive medium, stress corrosion cracking requires a specific
combination of ailoy and environmaent. )

Quite offen the stress which couses stress corrosion cracking is
due not only to operating conditions.but aiso to lockad-in stress due
to fabricotion. Weiding, in particuiar, often induces strasses suffi-
cient to cause failure. For this reason, post-fabrication heat treqt-
ments often are specified.

While stress cracking is indicated on the graphs, the materiois
definitely should be stress relieved after fabrication, or a meral nor
wusceptible to siress cracking shauld be seiected. For srress re-
liaving Nmes and temperatures. the manufacturar of the alloy
should be consuited.

8. Intergranular Corvasion

intergronuicr corrosion oftacks grain boundarias of materials
and can be particularly aggressive when in carrain chemical soiu-
tions are in contact with qustenitic stainless steels which have pre-
cipitated carbides at grain boundaries (sensitization). This pre-
cipitation is produced when the steei has been subjected to tam-
peratures berween 800-1400 F and is often present adjccant to
weldad areas. Various methads have been deweloped to sliminate
this undesirable conc‘iﬁan. However, becguse intergranular cor-
rasion is not produced by alil corrosive media, special heat treat-
ments or specification of stabilized types of 18-8 often are un-
necsssary.

Certain other metals and ailoys are subject to intergranular
attack when exposed to specific madia under some environmental
conditions and others cfter an qdverse heat tregtment. [n such
cases the manufacturer shovid be consulted for information re-
loting to his produc?.

9. Corrosion (nhibitor

Because the proper use of inhibitors requires goad undcer-
stonding of electrochemical and chemical factors invoived in bath
the metal 1o be protected and the corrosive, they are not con-
sidered in this tabulation except in a very faw instances. An ex-
ample is the percentage of water required in q solution of hydro-
chigric acid and methanol 10 prevent corrosion of titanium and
zirconium. *The technology of inhibition is weil developed and the
litarature veluminous.,

Not considered among the data either are the electrical tech-
niques of cathodic and anodic protection, both of which have bene-
fits under some conditions when applied by persons with the nec-
essary expariencs and skill. Those who qre interested in investi-
goting these techniques may get goed advice from consultants
in thess fields.
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MainTables

The following pages have been designated “main”” data
pages mainly for convenience in identification and not to
denote that the information they contain is different from
that appearing in tables eisewhere. The data displayed is of
the same kind and reiiability and comes from the same
sources as other data.

It i3 advisable to examine the matrix beiow before
attemnpting to use the tables. A replica of this matrix
appears on ail left hand pages. Note that both Fahrenheit
and Centigrade scales are used in the ordinate while the
abscissa scale denotes concentration percent in water.
“Concentration percent” in this scale is not necessarily the
same as “percent solution™ because in many instances data
are given for mixtures which exceed the solubility limits of
the chemicals in water. Although the original sources do
not always make it clear, it can be assumed that wher
solubility limits are exceeded, a mixture or durry is
inferred.

Likewise, in many instances, reactions are given at tempera-
tures which exceed those at which the solutions at the
concentrations posted usually boil. Because there are few
pressure data in the sources from which the information is
taken, 1t has been assumed that pressures exist which
permit reactions at the temperatures posted. Vapor phase

attack may or may not be assumed except in those
instances when this factor has been noted in the original
source and posted as a footnote in the matrix.

Intervais in the Centrigrade temperature scale used in the
ordinate are as given beiow:

Degrees No. of Degrees
Centigrade in [ntervai
St ... .. 50
25wl25 . . ... L. L. . S0

1250175 . . . . . .. ... A5G
17510250 . . - . ... .. 75
25Gt0 350 . . .. L L. 100

A table of penetration rates showing the meaning of the
indicia used in the matrix in English and metric units also
appears on every left hand page. A conversion table which
permits 1 rough approximation of weight loss ih some
commonly used pnits  to the penetration rates in the
matrices appears an every left hand page also.

Right hand pages contain two schedules of footnctes. That
in the left box pertains to the corrosives, while that in the
right box pertains to data posted in the squares.

/0 662
20 4g 60 80 100
300 ——
250 482
212——
175 347
150— —
125 257
100 212 [
75 167
m —— —
- 20 40 60 80 100
cC F

PERCENT CONCENTRATION IN WATER
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book. A supply of worksheets can e ooraineg oy wituiy
to: Corrasion Data Survey — Nonmetals Section
NACE

P. Q. Box 1499

Houston, TX 77001

Miscellaneous
Additional useful information will be found in
Appendix 9—Trade Names of Materials Rated in Book.

References

1. Corrosion Dates Survey-—Maetais Section. Fifth Edition, N. E,
Hamnar, compiler. NACE, Houston, TX.

2. Chemical Resistant Qata Sheets. L. T. Nurt, J. Pacitd, and J. AL
Scort, aditors. Rubbar and Plastics Research Association of Great
Britain, Shawbury, Shrewsbury, Shropshire, England.

Hawiey, reviser. VanNestrand Reinhold Co., New York, N. VY,

Bibliography

Tasting and Bvaluation of Reintorced Polyaster for Corrasion
Control Applications. NACE Liberty Bell Corrosion Courss,
19686. Walter A. Szymanski, Hooker Chemical Corp., N.
Tonawanda, N. Y.

N8BS Voluntary Standard PS-15-83. Custom Contact-Malded
Reinforead Polyestar Chermmucai-Fesistant Process Equipment.
UJ.S. Government Printing Qffice, Washington, O. C. 20402. Ne.
C13-20 2:15-69. 30 cants.

Standard Method of Test for Resistancs of Plastics to Chemical
Reagents. ASTM 0543-07. Per copy, $1.50.

Standard Mathod of Test for Environmental Stress-Cracking of
Ethylene Plastics. ASTM-01692-70. Per copy, $1.50.

APPENDIX 1

Explanation of conventions, “otations, and feomotes for
bar graphs:

2=<7 pH

EXPOSURE TIME

A <1 monmn

B <& manths

38 = Embrittied

CODE

{ <12 months

0 > 12 monwhs

IHINN]  Recommended N 4 Zp "0 5.0 Bp wn 2;&
121 .-
BB  uestionable 108 - i l l ‘ . 02
’IA Net.Aecommendad - 13-4 A { D | -0 D =>12 months
79.5- ~7§
38|\
§6- '} ir -150
2- g 4 2 2125 e 42 = Not recommended
Not recommended from - ‘ -180
211038 C \l T d \
K -0
v ‘ﬁ:‘._
. -]ﬂj ‘ o 55 = Questionable
a- ‘ dl uruun -30
. a- A i -4 _,qé . -1
Questionatie from Bt H ! H T w— C = <12 manths
16t 21C 1§-] = Tsunuuensnn -50 41 = Recommended
10- , -8
p————
Wl i~y
67 [ 6047
-11.3 - . n 9
¢ B 4@ o N F
CONCENTRATION % IN waATER
67 = 10% or less*®

‘Foomotes seeific for this graph. Remaindsr are from standing
footnotes.

60 = 120 psia®
47 = Stressed



STANDING FOOTNCTES
FOR ALL PAGES

APPENDIX 2
ENVIRONMENTAL
Standing Footnotes FACTORS
1. ~7pH
2. <7pH
STANDING FOOTNOTES FOR ALL PAGES 3. >7pH
ENVIRONMENTAL MATERIALS' FACTORS b qemced
5.
FACTORS 35. Compressed 6. Bf’ilef exposure
36. D!sf:olored 7. Cyclic immersion
l. ~7pH 37. Disintegrated 8. Immersed
2. <7pH 38. Embrittled 9. Intermittent exposure
| 3. >7pH 39. Flex. str. loss 10. No air, oxygen
4. Aerated 40. Leached 11. Splash zone
5. Agitated 41. Recommended 12' Static
6. Brief exposure 42. Not recommended 13. Pressure
7. Cyclic immersion 43. Liquid-gas interface 14. Vacuum
8. Immersed 44. PErfOrated 15. Vapor
9. Intermittent exposure | 45, Softened 16. Velocity
10. No air, oxygen 46. May stress crack 17. Vibration
11. Spiash zone 47. Stressed 33. Strength loss 13: No water
12. Static 48. Stretched 54. Blistered 19. Wet
13. Pressure 49, Swolilen 53. Questionable 20. Aqueous solution
14. Vacuum 50. Weight gain 56. May dissolve 21. Gas
15. Vapor 51. Weight loss 22. Saturated
16. Velocity 52. Permeabie 23. Liquid
17. Vibeation 24. Dilute
18. No water 25. Crystals, powders, solids
19. Wet . 24. Dilute 26. < 134 C (275 F)
20. Aqueous solution 25. Crystals, powders, solids 27. < 148 C (300 F)
21. Gas 26. < 134 C (275 F) 28. Explosive
22. Sz?_:ur_ated 27. < 148 C (300 F) 29. Poison 29. Poison
23. Liquid 28. Explosive 30. % conc. in air 30. % conc. in air

Footnotes specific to a page are located at the bottom of the page
to which they refer. MATERIALS FACTORS

35. Compressed
36. Discolored

37. Disintegrated
38. Embrirtled

39. Flex. str. loss
40. Leached

41. Recommended
42. Not recommended
43. Liquid-gas interface
44, Perforated

45. Softened

46. May stress crack
47. Stressed

43. Stretched

49, Swollen

50. Weight gain

51. Weight loss

52. Permeabie

53. Strength loss
54, Blistered

30 55. Questionable
56. May dissoive
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APPENDIX 2

Selected pages fram Chemical Engineers’ Handbock, 5th Edition,

Robert H. Perry and Cecil H. Chilton, Copyright, 1973 (New York, NY:

McGraw-dill, 1973). Pages 33-38 are used with permission of McGraw-Hill

Bock Campany.
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TABLE 1

GENERAL CORROSION PROPERTIES OF SOME METALS AND ALLOYS
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) poor lo fair,
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3 lals 10 goud.
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S pood 10 eaccllend.
O normally excellent.

1 Restelcted usa.

Suall vaaiations lo service conditions may appcelabily sifect cossoslon seslstanco. Cholco of mateslals Is thereforo gulded whetovor possible by a comblaation of experience and lalmsatory
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TABLE 1 (Continued)
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