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Foreword (Not part of Standard)

Purpose and aims of the Hydraulic Institute

The purpose and aims of the Institute are to promote the continued growth and well-being of pump users and pump
manufacturers and further the interests of the public in such matters as are involved in manufacturing, engineering,
distribution, safety, transportation, and other problems of the industry, and to this end, among other things:

a) To develop and publish standards for pumps;
b) To collect and disseminate information of value to its members and to the public;

c) To appear for its members before governmental departments and agencies and other bodies in regard to mat-
ters affecting the industry;

d) To increase the amount and to improve the quality of pump service to the public;
e) To support educational and research activities;

f) To promote the business interests of its members but not to engage in business of the kind ordinarily carried on
for profit or to perform particular services for its members or individual persons as distinguished from activities
to improve the business conditions and lawful interests of all of its members.

Purpose of Standards

1) Hydraulic Institute Standards are adopted in the public interest and are designed to help eliminate misun-
derstandings between the manufacturer, the purchaser and/or the user and to assist the purchaser in
selecting and obtaining the proper product for a particular need.

2) Use of Hydraulic Institute Standards is completely voluntary. Existence of Hydraulic Institute Standards
does not in any respect preclude a member from manufacturing or selling products not conforming to the
Standards.

Definition of a Standard of the Hydraulic Institute

Quoting from Article XV, Standards, of the By-Laws of the Institute, Section B: “An Institute Standard defines the
product, material, process or procedure with reference to one or more of the following: nomenclature, composition,
construction, dimensions, tolerances, safety, operating characteristics, performance, quality, rating, testing, and
service for which designed.”

Comments from users

Comments from users of this standard will be appreciated to help the Hydraulic Institute prepare even more useful
future editions. Questions arising from the content of this standard may be sent to the Technical Director of the
Hydraulic Institute. The inquiry will then be directed to the appropriate technical committee for provision of a suit-
able answer.

If a dispute arises regarding the content of an Institute publication or an answer provided by the Institute to a ques-
tion such as indicated above, the point in question shall be sent in writing to the Technical Director of the Hydraulic
Institute, who shall initiate the Appeals Process.

Revisions

The Standards of the Hydraulic Institute are subject to constant review, and revisions are undertaken whenever it is
found necessary because of new developments and progress in the art. If no revisions are made for five years, the
standards are reaffirmed using the ANSI canvass procedure.

Units of measurement

Metric units of measurement are used and corresponding US customary units appear in parentheses. Charts,
graphs, and example calculations are also shown in both metric and US customary units.
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Because values given in metric units are not exact equivalents to values given in US customary units, it is important
that the selected units of measure be stated in reference to this standard. If no such statement is provided, metric
units shall govern.

Consensus for this standard was achieved by use of the canvass method

The following organizations, recognized as having an interest in the standardization of the general guidelines for
pumps, were contacted prior to the approval of this revision of the standard. Inclusion in this list does not necessar-
ily imply that the organization concurred with the submittal of the proposed standard to ANSI.

LVVWD - Las Vegas Valley Water District
Mechanical Solutions, Inc.

Peerless Pump Company

Pentair Flow Technologies - Berkeley
Pentair Flow Technologies - Nijhuis
Powell Kugler, Inc.

4B Engineering & Consulting, LLC
Allaben Consulting

Bechtel Power Corporation

Brown and Caldwell

DuPont Company

ekwestrel corp

Fluid Sealing Association
Healy Engineering, Inc.
Hydraulic, Measurement, & Inspection Counseling

Pump Design, Development & Diagnostics, LLC
Sulzer Pumps (US) Inc.
TACO, Inc.

J.A.S Solutions Ltd.
Kemet, Inc
Leistritz Advanced Technologies Corp.

WEG Electric Corp.
Weir Floway, Inc.
Weir Minerals North America

Committee list

Although this standard was processed and approved for submittal to ANSI by the canvass method, a working com-
mittee met many times to facilitate its development. At the time it was developed, the committee had the following
members:

Chair - Arnold Sdano, Pentair Flow Technologies - Nijhuis
Vice-chair - Aleksander Roudnev, Weir Minerals North America

Committee Members

Randy Bennett
Michael Coussens
Allen Hobratschk
Al Iseppon
Rodney Mrkvicka
James Volk

Alternates

Mark Heiser
Dimitar Kalchev
John Kelly
Randy Kosmicki
James McKee
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Company

Leistritz Advanced Technologies Corp.
Peerless Pump Company

National Pump Company

Pentair Flow Technologies - Berkeley
Smith & Loveless, Inc.

Franklin Electric Company, Inc.

Company

Xylem, Inc. - Applied Water Systems
Peerless Pump Company

Smith & Loveless, Inc.

Weir Minerals North America

Pentair Flow Technologies - Berkeley
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9 Pumps - general guidelines

9.0 Scope

HI Pumps - General Guidelines — Scope — 2015

This standard applies to all industrial/commercial pumps of positive displacement and rotodynamic types. This doc-
ument covers pump type classifications, materials of construction, airborne sound measurement, and decontami-
nation. Refer to ANSI/HI 1.1 — 1.2 Rotodynamic Centrifugal Pumps for Nomenclature and Definitions, ANSI/HI 2.1
— 2.2 Rotodynamic Vertical Pumps for Nomenclature and Definitions, ANSI/HI 3.1 — 3.5 Rotary Pumps for Nomen-
clature, Definitions, Application, and Operation, and ANSI/HI 6.1 — 6.5 Reciprocating Power Pumps for Nomencla-
ture, Definitions, Application, and Operation for the pumps covered in the scope of this document. Figure 9.0 shows
a pump type tree diagram.

9.0.1

Preferred measurement units and conversion factors

Table 9.0.1 has been prepared by the Hydraulic Institute to aid those wishing to convert US customary units to met-
ric units and vice versa.

Table 9.0.1 — Preferred measurement units and conversion factors

Hydraulic Institute Standards, Copyright © 1997-2015, All Rights Reservea

Full document details: HI 9.1-9.5 2015

Conversion factors -
multiply by
Typical US customary Metric to US unit to
Quantity? applications Metric unit Abbr. unit Abbr. US unit metric
1. Space and time
plane angle fluid flow angle degree ° degree ° 1 1
, b
dimensions of meter foot ft or 3.281 0.3048
sumps and pits meter inch in or”’ 39.37° 0.0254°
mechanical
engineering millimeter mm inch inor” 0.03937 25.4°
length drawings
coating micrometer um thous.a“ﬂths of | mi 0.03937 25.4
thickness, Inc
surface finish, micrometer um microinch pin 39.37 0.0254°
filter particle size micrometer um micron um 1P 1P
square meter m? square foot ft2 10.76 0.09290
area surface area, flow
area square cm? square inch in® 0.155 6.452
centimeter
milliliter (cm®)© mLd cubic inch in3 0.06102 16.39
| fluid volume rate |  cubic meter m?3 cubic foot ft3 35.31 0.02832
volume
of flow cubic meter m3 gallon gal 264.2 0.003785
liter L quart qt 1.057 0.9464
hour h hour h 1€ 1°¢
time time interval minute min minute min 1€ 1¢
second s second s 1€ 1€
. cubic meter per m3h gall_on per gpm 4.403 0.2971
volume per unit . hour minute
time flow rate of fluids m
liter per minute L/min gaflon per gpm 0.2642 3.785
minute
velocity, linear fluid velocity meter per second m/s foot per second ft/s 3.281 0.3048°
Documents
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Table 9.0.1 — Preferred measurement units and conversion factors (continued)

Hydraulic Institute Standards, Copyright © 1997-2015, All Rights Reservea -
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Conversion factors -
multiply by
Typical US customary Metric to US unit to
Quantity? applications Metric unit Abbr. unit Abbr. US unit metric
meter per sec- foot per
acceleration gravity P m/s? second — ft/s? 3.281 0.3048°
ond — squared
squared
2. Periodic and related phenomena
system vibration,
frequency sound, alternating hertz Hz hertz Hz 1P 1P
current
speed of rotation | speed of rotation revolgtlon per rpm revoIL_Jtlon per rpm 1P 1P
minute minute
3. Mechanics
_ kilogram kg pound Ib or # 2.205 0.4536
mass equipment mass (decimalized)
gram g ounce oz 0.03527 28.35
unbalance impeller, rotor gram-millimeter gemm ounce-inch 0zein 0.001389 720.1
density (mass density of .SO|IdS kllogram per kg/m3 pound-mass lom/ft3 0.06243 16.02
density) and fluids cubic meter per cubic foot
specific Weight | o jjigs and fluids | KIOMEWIONPer | \ym3 | poundforce 1y phs | g 36g 0.1571
(force) cubic meter per cubic foot
moment of |_nert|a rotor inertia kilogram meter- kg.mz pound foot- Ibeft2 2373 0.04214
(dynamic) squared squared
force applied load newton N pound-force Ibf 0.2248 4.448
fluid energy head of fluid meter foot ft 3.281 0.30482
bolttightening, | o vion-meter | Nem | POUNGforee g | 7376 1.356
moment of force, shaft torque, foot
torque and bend- | beam stress and
ing moment deflection newton-meter Nemn pound-force | e 8.851 0.1130
calculations inch
kilopascal pound-force .
(kN/m2) kPa per square inch psi 0.1450 6.895
fluid pressure or . inch of mer- .
vacuum kilopascal kPa cury (60 °F) inHg 0.2961 3.377
pressure h of water
. inch of wa .
kilopascal kPa (60 °F) inH,O 4.019 0.2488
sound pressure | pascal (SPL) (P . SPL=20log | P=Pgx
el X 105 P Pa decibel SPL | dBSPL | " L0 10(6P%0)
stress unit force megapascal MPa® pound-forf:e psi 145.0 0.006895
per square inch
rotodynamic
pump 3/c)0.5 0.5
e rpm(m®/s) rpm(gpm)
specific speed N(Q)0-5 075 Ng T075 Ng 51.64 0.0194
h0.75
rotodynamic
suction specific pump rom(m3/s)0-5 s rpm(gpm)?-5 s 51.64 0.0194
speed N(Q)05 m0.75 £0.75 ' '
NPSH30-75 Documents
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Table 9.0.1 — Preferred measurement units and conversion factors (continued)

Conversion factors -
multiply by
Typical US customary Metric to US unit to
Quantity? applications Metric unit Abbr. unit Abbr. US unit metric
liquid pound-force
viscosity, dynamic qua pascal-second Paes second per Ibfes/ft2 0.02089 47.88
characteristic
square foot
wscosny, If(lne- |IC]UId. _ square centime- em/s square foot per #2/s 0.001076 929.0
matic characteristic ter per second second
energy, work (see . ) i
also heat & force times joule (Nem)9 J foot-pound ftolbf 0.7376 1.356
: distance force
electricty)
power (see also | mechanical kilowatt (kJ/s)? kW horsepower hp 1.341 0.7457
heat & electricity) power
4. Heat
. h o degree o o b op_ 5 b
temperature degree Celsius C Fahrenheit F (°Cx9/5)+32° | (°F-32)x>/g
temperature bsol "
absolute degree Kelvin K egree °R 9/5° 54
temperature Rankine
heat (energy) heat input kilojoule kJ B”t's':]::terma' Btu 0.9478 1.055
heat rejection
heat flow rate rate, air- watt [(J/s)]9 w | Britishthermal |\ g i 6 05687 17.58
(power) conditioning unit per minute
power
5. Electricity
electric current electricity flow ampere A ampere A 1P 1P
electromotive battery potential volt % volt v 10 10
force
electric resistance resistors, ohm Q ohm ohm 1P 1P
conductors
electric conductors siemens per S/m mho per meter | mho/m 1P 1P
conductance meter
electric energy electric kilowatt-hour! kWeh kilowatt-hour | kWseh 1P 1P
consumption
electric power motors kilowatt kW kilowatt kW 1P 1P

8 As used in ISO-31 and ISO-1000, “quantity” means “measurable property.”
b Exact.
¢ Symbols in brackets [ ] are explanatory only.

d The US Department of Commerce, National Bureau of Standards, has established the capital letter “L’ as the preferred unit
symbol for liter for the United States.

€ Except in very weak materials (for which kPa may be more convienient), or for modulus of elasticity (for which GPa will usually
be more convenient).

f Conversion to and from Saybolt Universal Seconds or centistrokes can be done from a table and Appendix A of ANSI/HI 9.6.7-
2010.

9 By using J instead of Nem, the distinction from Nem for moment of force is made apparent.

h Conversion requires a formula, wherein the Fahrenheit temperature is indicated by °F and the Celsius temperature by °C.
I All factors in this table are based on Btu-international Table.

I' The Sl unit for electric energy is wattesecond (Wes), which is equal to joule (J). (1 kWsh = 3.6 MJ.)
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Diaphram
Air Simplex Double-acting
— Bellows
operated —| Duplex Single-actin
Piston P 9 9
Horizontal Piston Simplex
I— Steam —| |— Double-acting _| —
Vertical Plunger Duplex
— Simplex
Horizontal Single-acting Piston
R T = I I s S
_ Reciprocating — Vertical Double-acting Plunger .
pumps — Multiplex
Horizontal Packed plunger — Simplex Manual
control
L Controlled Packed piston —— Duplex
volume . Automatic
) ) Mechanically control
|- Blow case Vertical Diaphram coupled - Multiplex
Hydraulically
coupled
Vane in rot Constant displacement
. — Sliding vane ane in rotor 4[ i i
o P_osmve g 4| Vane in stator Variable displacement
displacement L Piston, Axial I: Constant displacement
Variable displacement
I— Flexible member 4E Fle)'<|ble yane
Peristaltic
Single
L lope —— [ Sidl
L Rotary | Multiple Spur
pumps G External, timed and untimed 4E Helical
ear L Internal Crescent Herringbone
Singl No crescent
. N ingle
I— Circumferential piston —E Multiple
L screw I: Sing_le — Progressing cavity Timed
Multiple .
Untimed

Pumps ——
— Close coupled
— Overhung impeller [~ Rigidly coupled
I— Flexibly coupled
— Centrifugal, — Unclassified
mixed flow,
axial flow pumps
— 1& 2 Stage
|_ Impeller between
bearings —
— Multistage
“— Rotodynamic
— Single casing
Vertically .
L ——+ Doubl
suspended ouble casing
— In-line casing
| Regenerative I: Overhung impeller ——'_[
turbine Impeller between bearings

Peripheral

Figure 9.0 — Pump type tree diagram
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Side channel —__

See ANSI/HI 1.1-1.2

!

Rotating casing
(Pitot tube)

See ANSI/HI 1.1-1.2

See ANSI/HI 2.1-2.2

See ANSI/HI 1.1-1.2

J—
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HI Pumps - General Guidelines — Materials — 2015

9.1 Materials

9.1.1 Introduction

Reference the standards listed below for general guidelines on pump construction materials. However, materials
listed by these standards are not to be considered required materials for the liquids listed, because the standards
do not take into account the environment and specific pumping liquid. The Hydraulic Institute is offering this only as
a guide for the user’s consideration.

Factors that must be considered in the selection of materials for wetted pump components include: user’s experi-
ence, life cycle costs, regulatory agency requirements (e.g., limits on lead content in bronzes in contact with
drinking water), required pump life, duty cycle (operating hours per period), corrosive and/or erosive properties of
the fluid, hazardous nature or toxicity of the fluid, the potential for cavitation, and the potential for contamination of
the fluid. Corrosive and/or erosive properties of fluids may vary with temperature, concentration of chemicals or sol-
ids, the properties of the solids, velocity, and the extent of entrained gasses.

Clear water: ANSI/AWWA E103

This standard outlines material selection of horizontal and vertical line-shaft pump components for use with potable
water or water that will be treated to become potable. The standard offers a table of pump components and a
guideline for suitable material for construction of the components.

Chemical process: ASME B73.1

This standard provides a list of recommended materials for construction of centrifugal pumps for use with chemical
processes.

Petroleum handling: APl 610

This standard gives a general outline of material selection for centrifugal pumps and associated components for
use with petroleum and various other hydrocarbons. Specific material class requirements are given for various flu-
ids being pumped based on temperature.

Petroleum handling: API 674

This standard covers the minimum requirements for reciprocating positive displacement pumps for use in petro-
leum, chemical, and gas industry services. Both direct-acting and power-frame types are included.

Petroleum handling: API 675

This standard covers controlled volume positive displacement pumps for use in the petroleum, chemical, and gas
industries. Both packed-plunger and diaphragm types are included.

Petroleum handling: API 676

This standard covers the minimum requirements for rotary positive displacement process pumps and pump units
for use in the petroleum, petrochemical, and gas industry services.

National Association of Corrosion Engineers
Refer to the National Association of Corrosion Engineers (NACE) for additional material selection guidelines based
on corrosiveness. NACE provides corrosion details for thousands of chemicals and their effects on various metals.

It is helpful to use Corrosion Data Survey: Metals Section to determine the average corrosion penetration rate per
year based on the chemical and its effect on the prospective metal pump component.
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9.1.2 Data on liquids
9.1.2.1 General characteristics

The liquids are assumed to be of commercial quality and of the degree of purity usually encountered. However, it
must be recognized that the presence of a foreign substance, even in small percentages, may, and frequently does,
have a profound effect on the corrosiveness of the solution and, hence, on the choice of materials. Various liquid
conditions and characteristics are listed in the referenced standards.

9.1.2.2 Effects of temperature and concentration

In some cases, the satisfactory use of a particular material is restricted to a definite temperature and/or concentra-
tion range. Where this is known to occur, the limitations are noted in the referenced standards.

9.1.2.3 Handling high or low temperature liquids

Careful selection of materials and attention to construction details is usually required when handling liquids at tem-
peratures below 0 °C (32 °F) or above 120 °C (250 °F). For material selections, applicable codes and practices of
the industry in which the pump is to be used should be consulted.

9.1.2.4 Specific gravity

These data are given in the referenced standards where accurate information is available. Unless otherwise speci-
fied, they apply at room temperature.

9.1.2.5 Chemical symbols

The chemical symbols have been included, where available, both as a matter for information and as a means of
identification in the event the liquid name is not fully descriptive.

9.1.3 Factors affecting material selection

The materials listed for the various liquids are those that have been specified by the pump users for the principal
parts of the pump, such as casing, cylinders, pumping chambers, impellers, rotors, or other wetted parts. Where
applicable, the American Society for Testing and Materials (ASTM) designations are used. Refer to the ASTM stan-
dards or other materials handbooks for the chemical and physical properties of materials.

If reliable performance data are unavailable, then test specimens of like materials suitably exposed to the pumping
media may assist in the selection of those most resistant to corrosive attacks. When possible, a plant test using
actual flow and temperature condition is preferable to a laboratory test. However, the practical limitations of such
tests must be recognized. The difficulty of subjecting a single test specimen to the many variables that may exist in
a system, such as velocity impingement, abrasion, aeration, and galvanic action, any of which may have an impor-
tant effect on the result, is considerable. Nevertheless, helpful information may be obtained through such tests,
despite their limitations.

9.1.3.1 Optimize life cost
Operational costs, replacement costs, longevity of service, and repair costs will determine the selection of materi-
als. Standard pump part materials, such as cast-iron housings and bronze impellers, are the least expensive mate-

rials and most readily available items for replacement. Depending on the service, increased corrosion resistance
dictates upgrading of materials to levels at which the cost of the equipment is still acceptable to the user.
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9.1.3.2 General design of pumps

The general design of pumps selected for a given service may be any of those shown in the other sections of the
Hydraulic Institute Standards, and each design has its own standard materials of construction. It is important to be
well-guided on the proper design for the service intended, and the materials must be selected accordingly.

9.1.3.3 Properties — chemical and physical

The chemical and physical properties of the material selected have to be considered. It is not uncommon to use
materials that are not quite up to the corrosion resistance and/or wear resistance required for long-term service. If
this is the case, then the user must be prepared to replace or repair components at more frequent intervals. On the
other hand, when designing the equipment, physical properties such as the tensile strength and yield strength of
the material must be such that failure of the material is not a risk when operating.

The chemical and physical properties of the materials listed by the referenced standard are substantially in agree-
ment with the current ASTM standards, and the inspection of testing requirements set forth in their specification
are, in general, applicable. However, the Hydraulic Institute recognizes that many casting defects may be corrected
by welding without impairing the strength or quality of the piece, provided suitable techniques are used. This
assumes that any welding or elimination of major defects is done prior to final heat treatment. The latter is particu-
larly important in the case of the more highly alloyed steels intended for use with the more corrosive liquids. Also,
the Hydraulic Institute recognizes that, for certain materials, and where direct human exposure to the pressurized
component is not a risk, slight leakage through a porous spot when under hydrostatic test, in an otherwise structur-
ally sound casting, may be sealed by impregnation with a sealing medium that, after processing, is not degraded by
the liquid to be handled.

NOTE: Impregnation may not be acceptable for certain applications, e.g., hydrocarbons, but may be suitable for
services such as seawater.

When the liquid to be handled is an electrolyte, combinations of dissimilar metals that may promote galvanic reac-
tions should, where practical, be avoided. The rate of corrosion, where metals widely separated in the galvanic
series are used, will depend on such factors as the nature of the electrolyte, temperature, velocity, and, particularly,
the relative cathode-anode surface area (see Figure 9.1.3.5.1).

9.1.3.4 Temperature of liquid pumped

High or low temperatures will affect the corrosion resistance and/or the physical properties of many materials.
Therefore, it is important that the temperature of the liquid pumped be considered.

Handling liquids at temperatures below 0 °C (32 °F) or above 120 °C (250 °F) usually requires the careful selection
of materials and corresponding attention to construction details. For material selections acceptable in the tempera-
ture range involved, the applicable codes and practices of the industry in which the pump is to be used should be
consulted.

Selection of materials for pumps operating at low temperature should be made only after each component and its
function has been considered. Many materials change from ductile to brittle behavior with a decrease in tempera-
ture. Although a considerable amount of research has been completed, and many varieties of tests have been
developed to evaluate the toughness of metals and the conditions under which this transition takes place, these
tests have not yet been able to predict all the variables significant to the problems of embrittlement.

The following generalities may serve as a starting point in the selection of suitable ferritic stainless steel for low-
temperature service.

A heat-treated, fine-grain, low-carbon alloy steel with low phosphorus, with nickel and molybdenum, and of moder-
ate hardness, usually offers better notch toughness at low temperatures than do other ferritic steels.
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Consideration should also be given to the austenitic stainless steels and to bronzes for possible use in low-temper-
ature pumping applications. Austenitic stainless steels, fully annealed, show improving toughness with decreasing
temperature and exhibit no transition point. Most bronzes and all aluminum alloys are not embrittled at low temper-
atures and may also serve for this type of service, if otherwise suitable for the application.

Other considerations, such as cost, corrosion resistance, availability, erosion resistance, hardness, toughness, and
fatigue strength must be carefully considered before the final selection of materials for high- or low-temperature
service is made.

9.1.3.5 Galvanic corrosion

Galvanic corrosion may be defined as the accelerated electrochemical corrosion produced when one metal is in
electrical contact with another more noble metal, both being immersed in the same corroding medium (called the
electrolyte). Corrosion of this type usually results in an accelerated degradation for one member of the couple
(anodic) and protection (cathodic) for the other. The protected member, the one that does not corrode, is called the
more noble metal. Note that as galvanic corrosion is generally understood, it consists of the total corrosion, which
comprises the normal corrosion that would occur on a metal exposed alone, plus the additional amount that is due
to contact with the more noble material.

9.1.3.5.1 Galvanic series

With a knowledge of the galvanic corrosion behavior of metals and alloys, it is possible to arrange them in a series
that indicates their general tendencies to form galvanic cells and then to predict the probable direction of the gal-
vanic effects. The relative positions of the metals will vary to some extent depending on the electrolyte. Such a
series for seawater is illustrated by Figure 9.1.3.5.1.

This series should not be confused with the familiar electromotive series, which is found in many textbooks and is
of value in physical chemistry and thermodynamic studies.

Note that some of the metals in the list below are grouped together. These group members have no strong ten-
dency to produce galvanic corrosion on each other. From a practical standpoint, they are relatively safe to use in
contact with each other, but the coupling of two metals from different groups and distant from each other in the list
will result in galvanic, or accelerated, corrosion of the one higher in the list. The farther apart the metals stand, the
greater the galvanic action will be. This may be determined by measurement of the electrical potential difference
between them, and this is often done; but it is not practical to tabulate these differences, because the voltage val-
ues for combinations of the metals will vary with every different corrosive condition. What actually determines gal-
vanic effect is the quantity of current generated rather than the potential difference.

The relative position of a metal within a group sometimes changes with external conditions, but only rarely do
changes occur from group to group. Note that certain metals, such as chromium stainless steel, 400 series (pas-
sive), and 18-8 chromium-nickel stainless steel, type 304 (passive), may frequently change positions within the gal-
vanic series. The fluctuation is due to corrosive media and stability of the metal’s oxide film. The most important
reasons for this are the oxidizing power and acidity of the solutions, and the presence of activating ions, such as
halides. Inconel and nickel also occasionally behave in a similar manner, though the variations of their position are
less frequent and less extensive. In environments where these alloys ordinarily demonstrate good resistance to
corrosion, they will now be in their passive condition and behave accordingly in galvanic couples.

9.1.3.5.2 Minimizing galvanic corrosion
The following actions minimize galvanic corrosion:
* Select combinations of metals as close together as possible in the galvanic series (see Figure 9.1.3.5.1).

* Avoid making combinations where the area of the less noble materials is relatively small.
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In Volts (V)
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NOTE: White boxes indicate active behavior of active-passive alloys.

Figure 9.1.3.5.1 — Galvanic series of metals and alloys beginning with the corroded end
(anodic, or least noble)
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e Insulate dissimilar metals wherever practical, including use of plastic washers and sleeves at flanged joints. If
complete insulation cannot be achieved, anything such as a paint or plastic coating at joints will help to
increase the resistance of the circuit.

e Apply coatings with caution. For example, do not paint the less noble material without also coating the nobler;
otherwise, greatly accelerated attack may be concentrated at imperfections in coatings on the less noble metal.
Keep such coatings in good repair.

* In cases where the metals cannot be painted and are connected by a conductor external to the liquid, the elec-
trical resistance of the liquid path may be increased by designing the equipment to keep the metals as far apart
as possible.

e If practical, add suitable chemical inhibitors to the corrosive solution; however, the rate of corrosion will
increase with increasing velocity.

* If dissimilar materials well-apart in the galvanic series must be used, avoid joining them by threaded connec-
tions, as the threads will probably deteriorate excessively. Welded or brazed joints are preferred. Use a brazing
alloy more noble than at least one of the metals to be joined.

e Use relatively small, replaceable less-noble components at joints, but increase the component's thickness at
the galvanic contact. For example, extra-heavy wall nipples can often be used in piping, or replaceable pieces
of the less noble material can be attached in the vicinity of the galvanic contact.

e Sacrificial anodes of bare zinc or magnesium can be used to counteract and suppress galvanic corrosion of
critical components. Due to their more negative electrochemical potential, the sacrificial anodes are consumed
instead of the material it is protecting, therefore preventing corrosion.

* Another technique employed on larger structures where using a sacrificial anode would be uneconomical, is an
impressed current cathodic protection (ICCP) system. An ICCP system uses anodes connected to a DC power
source. An ICCP system has the advantage of having a much greater output capacity than galvanic anode sys-
tems and a longer life.

9.1.3.6 Microstructure of metals

Cast irons contain an appreciable volume of free carbon as graphite, either as flakes or spheroids (ductile irons).
The metal matrix of gray irons is typically pearlite, and the ductile iron matrix can be ferrite (lower strength) or pearl-
ite (high strength). The ductile irons are produced with a treatment to change the graphite form and thus obtain
ductility.

Steels have all of the carbon in the combined form as iron carbide. Typical structure is a ferrite matrix with pearlite
(a lamellar arrangement of ferrite and iron carbide).

Hardenable chromium steels, such as A217-C5 and CA-15, can have a pearlite structure or one of tempered mar-
tensite. Hardness of CA-15 can be varied over a considerable range, depending on the heat treatment process
used.

The nonhardenable chromium steels, A743-CB30 and CC-50, are inherently nonductile and have a fully ferrite
matrix.

The austenitic stainless steels have an austenitic matrix with limited amounts of ferrite, except A743-CN7M, which
is wholly austenitic.

The austenitic cast irons have a structure of austenite and graphite: flake graphite in the ordinary grades, spheroi-
dal graphite in the ductile grades.
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