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NFPA® codes, standards, recommended practices, and guides (“NFPA Standards”), of which the document
contained herein is one, are developed through a consensus standards development process approved by the
American National Standards Institute. This process brings together volunteers representing varied viewpoints
and interests to achieve consensus on fire and other safety issues. While the NFPA administers the process and
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in NFPA Standards.

The NFPA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use
of, or reliance on NFPA Standards. The NFPA also makes no guaranty or warranty as to the accuracy or
completeness of any information published herein.

In issuing and making NFPA Standards available, the NFPA is not undertaking to render professional or other
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
this document. Any certification or other statement of compliance with the requirements of this document shall
not be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.

REVISION SYMBOLS IDENTIFYING CHANGES FROM THE PREVIOUS EDITION

Text revisions are shaded. A A before a section number indicates that words within that section were
deleted and a A to the left of a table or figure number indicates a revision to an existing table or
figure. When a chapter was heavily revised, the entire chapter is marked throughout with the A
symbol. Where one or more sections were deleted, a ® is placed between the remaining sections.
Chapters, annexes, sections, figures, and tables that are new are indicated with an 'N.

Note that these indicators are a guide. Rearrangement of sections may not be captured in the
markup, but users can view complete revision details in the First and Second Draft Reports located in
the archived revision information section of each code at www.nfpa.org/docinfo. Any subsequent
changes from the NFPA Technical Meeting, Tentative Interim Amendments, and Errata are also
located there.

REMINDER: UPDATING OF NFPA STANDARDS

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be
aware that NFPA Standards may be amended from time to time through the issuance of a Tentative
Interim Amendment (TIA) or corrected by Errata. An official NFPA Standard at any point in time
consists of the current edition of the document together with any TIAs and Errata then in effect.

To determine whether an NFPA Standard has been amended through the issuance of Tentative
Interim Amendments or corrected by Errata, go to www.nfpa.org/docinfo to choose from the list of
NFPA Standards or use the search feature to select the NFPA Standard number (e.g., NFPA 13). The
document information page provides up-to-date document-specific information as well as postings of
all existing TIAs and Errata. It also includes the option to register for an “Alert” feature to receive an
automatic email notification when new updates and other information are posted regarding the
document.
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ADDITIONAL IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

Updating of NFPA Standards

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be aware that these
documents may be superseded at any time by the issuance of a new edition, may be amended with the issuance of Tentative
Interim Amendments (TIAs), or be corrected by Errata. It is intended that through regular revisions and amendments,
participants in the NFPA standards development process consider the then-current and available information on incidents,
materials, technologies, innovations, and methods as these develop over time and that NFPA Standards reflect this
consideration. Therefore, any previous edition of this document no longer represents the current NFPA Standard on the
subject matter addressed. NFPA encourages the use of the most current edition of any NFPA Standard [as it may be amended
by TIA(s) or Errata] to take advantage of current experience and understanding. An official NFPA Standard at any point in
time consists of the current edition of the document, including any issued TIAs and Errata then in effect.

To determine whether an NFPA Standard has been amended through the issuance of TIAs or corrected by Errata, visit the
“Codes & Standards” section at www.nfpa.org.

Interpretations of NFPA Standards

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the
Development of NFPA Standards shall not be considered the official position of NFPA or any of its Committees and shall not
be considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in
connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for determining the validity of
any such patent rights, as well as the risk of infringement of such rights, and the NFPA disclaims liability for the infringement
of any patent resulting from the use of or reliance on NFPA Standards.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in
American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Standard may require use of an
invention covered by patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such
patent rights constitute or include essential patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent
Policy, a patent holder has filed a statement of willingness to grant licenses under these rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of such filed statements can be
obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, by the
publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with
applicable laws, and these documents may not be construed as doing so.

Copyrights
NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe

practices and methods. By making these documents available for use and adoption by public authorities and private users, the
NFPA does not waive any rights in copyright to these documents.

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term
“adoption by reference” means the citing of title, edition, and publishing information only. Any deletions, additions, and
changes desired by the adopting authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the NFPA (Attention: Secretary,
Standards Council) in writing of such use. For technical assistance and questions concerning adoption of NFPA Standards,
contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Standards and all requests for information on NFPA procedures
governing its codes and standards development process, including information on the procedures for requesting Formal
Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA standards during regular
revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA, 1
Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: stds_admin@nfpa.org.

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be viewed at
no cost at www.nfpa.org/docinfo.
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NFPA® 77

Recommended Practice on

Static Electricity

2019 Edition

This edition of NFPA 77, Recommended Practice on Static Electricity, was prepared by the Technical
Committee on Static Electricity. It was issued by the Standards Council on May 4, 2018, with an
effective date of May 24, 2018, and supersedes all previous editions.

This edition of NFPA 77 was approved as an American National Standard on May 24, 2018.

Origin and Development of NFPA 77

An NFPA project addressing static electricity was initiated in 1936, and a progress report was
presented to the NFPA in 1937. A tentative edition of NFPA 77 was adopted in 1941. This tentative
edition was further revised and officially adopted by the NFPA in 1946. Revisions were adopted in
1950, 1961, 1966, 1972, 1977, 1982, 1988, 1993, 2000, and 2007.

The 2000 edition of NFPA 77 presented a totally revised overview of the subject of static electricity
and its hazards, including the current level of understanding of static electricity and considerable
new information explaining the fundamental aspects of the phenomenon and recommendations for
evaluating and controlling potential hazards. Also included were sections addressing specific hazards
of flammable gases and vapors and combustible dusts, sections on specific industrial processes and
operations, a database of relevant properties of numerous commercially significant materials, a
glossary of terms, and diagrams that showed acceptable methods of bonding and grounding.

The 2007 edition of NFPA 77 included the following amendments:

(1) Numerous editorial changes to comply with the Manual of Style for NFPA Technical Committee
Documents

(2) Text that allowed use of self-checking bonding clamps and bond wires that continuously
monitor the resistance to ground and verify that resistance is maintained within acceptable
levels

(3) Cautionary statements regarding the use of appropriate instruments based on the electrical
classification of the area in which the instruments will be used

(4) Cautionary statements regarding the use of high-voltage static neutralizers in electrically
classified areas and the use of such static neutralizers as inductive neutralizers when de-
energized or at failure

(5) Correction of errors

The 2014 edition of NFPA 77 includes the following amendments:

(1) The document has been reorganized into a more logical arrangement, and some large
chapters have been divided into several small chapters that are focused on a single topic.

(2) Many definitions that had been in Annex H, Glossary of Terms, have been moved to Chapter
2, because the defined terms are used numerous times in the body of the text.

(3) The discussion in Chapter 5 of the mechanisms of static electric charging and discharging of
same has been revised for clarity.

(4) Information on the hazards of switch loading has been added to Chapter 9.

(5) Recommendations for filling storage tanks have been rewritten.

(6) Recommendations for flexible intermediate bulk containers have been rewritten.

(7) Recommendations for web processes have been rewritten.
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77-2 STATIC ELECTRICITY

The 2019 edition includes the following changes:

(1) Updates to reference documents, Chapter 2, and Annex I to reflect current editions of the documents.

(2) Changes to the definitions for combustible dust and grounding. These definitions reflect the use of the terms specific to
NFPA 77.

(3)

Changes to the characterization of low, medium, and high resistivity powders in Chapter 15 to reflect generally
accepted international standards.

(4) Other editorial changes to meet Manual of Style for NFPA Technical Committee Documents requirements.
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Technical Committee on Static Electricity

Charles G. Noll, Chair
XiPro Technologies LLC, PA [SE]

Laurence G. Britton, Process Safety Consultant, WV [SE] James R. Reppermund, Howell, NJ [SE]

Vahid Ebadat, DEKRA Insight/Chilworth Technology Inc., NJ [SE] Kelly Robinson, Electrostatic Answers LLC, NY [U]

Stephen L. Fowler, Fowler Associates, Inc., SC [SE] Rep. Association of International Metallizers, Coaters and
Laminators

Scott Lamb, Innospec Inc., TX [M]

Brian Minnich, Schuetz Container Systems, PA [M]

Robert Mitchell, Intertek Testing Services, MA [RT]

Adam Morrison, Fike Corporation, MO [M]

Jeffrey S. Patton II, The Hanover Insurance Group, MD [I]
Bernard T. Price, Orbital ATK, Inc., UT [U]

Richard P. Puig, Newson Gale, Inc., TX [M]

Michael T. Sherman, Graco, Inc., MN [M]
Jason E. Teliszczak, |T Environmental Consulting, FL. [SE]

Ronald Thomas, Institute of Makers of Explosives, UT [U]
Rep. Institute of Makers of Explosives

Eric R. Winter, The DuPont Company, Inc., NJ [U]
Gene H. Wolfe, R. R. Donnelley & Sons, IL [U]

Alternates
John E. Capers, Austin Powder Company, OH [U] Douglas A. Rivord, Graco, Inc., MN [M]
(Alt. to Ronald Thomas) (Alt. to Michael T. Sherman)
Jason R. Clayton, The Hanover Insurance Group, MD [I]
(Alt. to Jeffrey S. Patton II)
Nonvoting

Thomas H. Pratt, Marietta, GA [SE]
(Member Emeritus)

Susan Bershad, NFPA Staff Liaison

This list represents the membership at the time the Committee was balloted on the final text of this edition.
Since that time, changes in the membership may have occurred. A key to classifications is found at the
back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of
the Association or any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on
safeguarding against the fire and explosion hazards associated with static electricity,
including the prevention and control of these hazards. This Committee shall also have
primary responsibility for conductive and static-dissipative floors, except as this subject is
addressed by the Committee on Health Care Facilities.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at www.nfpa.org/disclaimers or obtained on request from NFPA.

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on scheduled revision cycles. This
edition may be superseded by a later one, or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta-
tive Interim Amendments (TIAs). An official NFPA Standard at any
point in time consists of the current edition of the document, together
with all TIAs and Errata in effect. To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata, please consult the National Fire Codes® Subscription Service
or the “List of NFPA Codes & Standards” at www.nfpa.org/docinfo.
In addition to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material on
the paragraph can be found in Annex A.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in the recommendations
sections of this document are given in Chapter 2 and those for
extracts in the informational sections are given in Annex I
Extracted text may be edited for consistency and style and may
include the revision of internal paragraph references and other
references as appropriate. Requests for interpretations or revi-
sions of extracted text should be sent to the technical commit-
tee responsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex I.

Chapter 1 Administration

1.1 Scope.

1.1.1 This recommended practice applies to the identifica-
tion, assessment, and control of static electricity for purposes of
preventing fires and explosions.

1.1.2* This recommended practice does not apply directly to
shock hazards from static electricity. However, application of
the principles set forth in this recommended practice can
reduce such shock hazards to personnel.

1.1.3 Reserved.

1.1.4*% This recommended practice does not apply to light-
ning.
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1.1.5% This recommended practice does not apply to stray
electrical currents or to induced currents from radio frequency
(RF) energy.

1.1.6* This recommended practice does not apply to fueling
of motor vehicles, marine craft, or aircraft.

1.1.7* This recommended practice does not apply to clean-
rooms.

1.1.8 This recommended practice does not apply to control of
static electricity and its hazards as they might affect electronic
components or circuits, which have their own requirements.

1.2 Purpose. The purpose of this recommended practice is to

assist the user in controlling the hazards associated with the

generation, accumulation, and discharge of static electricity by

providing the following:

(1) Basic understanding of the nature of static electricity

(2) Guidelines for identifying and assessing the hazards of
static electricity

(3) Techniques for controlling the hazards of static electricity

(4) Guidelines for controlling static electricity in selected
industrial applications

1.3 Application. (Reserved)

1.4 Equivalency. Nothing in this recommended practice is
intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effec-
tiveness, durability, and safety over those prescribed by this
recommended practice.

1.4.1 Technical documentation should be submitted to the
authority having jurisdiction to demonstrate equivalency.

1.4.2 The system, method, or device should be approved for
the intended purpose by the authority having jurisdiction.

1.5 Symbols, Units, and Formulas. The units of measure and
symbols used in this recommended practice are as described in
Chapter 4.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this recommended practice and
should be considered part of the recommendations of this
document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 30, Flammable and Combustible Liquids Code, 2018
edition.

NFPA 69, Standard on Explosion Prevention Systems, 2014
edition.

NFPA 70%, National Electrical Code®, 2017 edition.

NFPA 495, Explosive Materials Code, 2018 edition.

NFPA 496, Standard for Purged and Pressurized Enclosures for
Electrical Equipment, 2017 edition.

NFPA 498, Standard for Safe Havens and Interchange Lots for
Vehicles Transporting Explosives, 2018 edition.

NFPA 654, Standard for the Prevention of Fire and Dust Explosions
Jfrom the Manufacturing, Processing, and Handling of Combustible
Particulate Solids, 2017 edition.
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NFPA 1124, Code for the Manufacture, Transportation, Storage,
and Retail Sales of Fireworks and Pyrotechnic Articles, 2017 edition.

NFPA 1125, Code for the Manufacture of Model Rocket and High
Power Rocket Motors, 2017 edition.

2.3 Other Publications.

2.3.1 AIChE Publications. American Institute of Chemical
Engineers, 3 Park Avenue, New York, NY 10016-5901.

Britton, L. G., “Using Material Data in Static Hazard Assess-
ment,” Plant/Operations Progress, April 1992, pp. 56-70.

2.3.2 API Publications. American Petroleum Institute, 1220 L
Street, NW, Washington, DC 20005.

API RP 2003, Protection Against Ignitions Arising Out of Static,
Lightning, and Stray Currents, 7th edition, 2008.

2.3.3 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM D257, Standard Test Methods for DC Resistance or Conduc-
tance of Insulating Materials, 2014.

ASTM Eb502, Standard Test Method for Selection and Use of ASTM
Standards for the Determination of Flash Point of Chemicals by Closed
Cup Methods, 2007, reapproved 2013.

A 2.3.4 BSI Publications. BSI Group, 12950 Worldgate Drive,

Suite 800, Herdon, VA 20170.

BS EN 61241-2-2, Electrical Apparatus for Use in the Presence of
Combustible Dust — Part 2: 'Test Methods; Section 2: Method for Deter-
mining the Electrical Resistivity of Dust in Layers, 1996.

BS PD CLC/TR 60079-32-1, Explosive Atmospheres Part 32-1:
Electrostatic Hazards, Guidance, 2013, Corrigendum, 2015.

2.3.5 Elsevier Publications. Elsevier NV, Radarweg 29, Amster-
dam 1043, Netherlands.

Britton, L. G. and Smith, J. A., “Static Hazards of the VAST,”
Journal of Loss Prevention in the Process Industries, Vol. 25, pp. 309—
328, 2012.

2.3.6 IEC Publications. International Electrotechnical Com-
mission, 3, rue de Varembé, P.O. Box 131, CH-1211 Geneva 20,
Switzerland.

IEC 61241-2-3, Electrical apparatus for use in the presence of
combustible dust — Part 2: Test methods — Section 3: Method for
determining minimum ignition energy of dust/air mixtures, 1994.

IEC 61340-4-4, Electrostatics — Part 4—4: Standard test methods
Jor specific applications — Electrostatic classification of flexible inter-
mediate bulk containers (FIBC), 2014.

A 2.3.7 IME Publications. Institute of Makers of Explosives,

1120 19th St, NW, Suite 310, Washington, DC 20036-3605.
IME SLP 3, Suggested Code of Regulations, 2015.

IME SLP 17, Safety in the Transportation, Storage, Handling, &
Use of Commercial Explosive Materials, 2015.

2.3.8 JIS Publications. Japan Industrial Standards, 1-3-1 Kasu-
migaseki, Chiyoda-ku, Tokyo 100-8901, Japan.

JIS B 9915, Measuring Methods for Dust Resistivity (with Parallel
Electrodes), Japan Industrial Standards, Tokyo, 1989.

Shaded text = Revisions. A = Text deletions and figure/table revisions.

Full document details: NFPA 77 2019

e = Section deletions. 'N = New maiera!

2.3.9 U.S. Department of Defense Publications. U.S. Govern-
ment Publishing Office, 732 North Capitol St NW, Washington,
DC 20401.

Standard 4145.26M, Contractors' Safety Manual for Ammunition
and Explosives.

Standard 6055.9, Ammunition and Explosive Safety Standards.
2.3.10 Other Publications.

Glor, M., Electrostatic Hazards in Powder Handling, Research
Studies Press, Ltd., Letchworth, Hertfordshire, England, 1988.

International Safety Guide for Oil Tankers and Terminals
(ISGOTT), 4th Edition, Witherby and Co., Ltd., London, 5th
edition, 2006.

Merriam-Webster's Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

Pratt, T. H., Electrostatic Ignitions of Fires and Explosions,
Burgoyne, Inc., Marietta, GA, 1997.

Walmsley, H. L., “Avoidance of Electrostatic Hazards in the
Petroleum Industry,” Journal of Electrostatics, Vol. 27, No. 1 and
No. 2, Elsevier, New York, 1992.

2.4 References for Extracts in Recommendations Sections.

NFPA 30, Flammable and Combustible Liquids Code, 2018
edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter apply
to the terms used in this recommended practice. Where terms
are not defined in this chapter or within another chapter, they
should be defined using their ordinarily accepted meanings
within the context in which they are used. Merriam-Webster's
Collegiate Dictionary, 11th edition, is the source for the ordina-
rily accepted meaning.

3.2 NFPA Official Definitions.

3.2.1*% Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the requirements
of a code or standard, or for approving equipment, materials,
an installation, or a procedure.

3.2.3% Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the
authority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalua-
tion of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated
standards or has been tested and found suitable for a specified
purpose.

3.2.4 Recommended Practice. A document that is similar in
content and structure to a code or standard but that contains
only nonmandatory provisions using the word “should” to indi-
cate recommendations in the body of the text.

3.2.5 Should. Indicates a recommendation or that which is
advised but not required.
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77-8 STATIC ELECTRICITY

3.3* General Definitions.

3.3.1 Antistatic. Capable of dissipating a static electric charge
at an acceptable rate for the intended purpose.

3.3.1.1% Antistatic Additive. An additive used to increase
the surface or volume conductivity of a liquid or solid mate-
rial.

3.3.2 Bonding. For the purpose of controlling static electric
hazards, the process of connecting two or more conductive
objects together by means of a conductor so that they are at the
same electrical potential, but not necessarily at the same poten-
tial as the earth.

3.3.3 Breakdown Strength. The minimum electric field, meas-
ured in volts per meter, necessary to cause a spark through a
material that is held between electrodes that produce a
uniform electric field under specified test conditions.

3.3.4 Breakdown Voltage. The minimum voltage, necessary to
cause a spark through a material under a given set of condi-
tions.

3.3.5% Capacitance. The amount of charge, measured in
coulombs per volt or in farads, that must be stored on a speci-
fied body or material to raise the potential difference by 1 volt.

3.3.6 Charge. A collection or imbalance of electrons or of
positive or negative ions that can accumulate on both conduc-
tors and insulators and that has both magnitude and polarity.
Movement of charge constitutes an electric current. Excess or
deficiency of electrons is expressed in coulombs. An electron
carries a charge of 1.6 x 10" coulomb.

3.3.6.1 Charge Decay Time. The time for static electric
charge to be reduced to a specified percentage of the char-
ge's original magnitude.

3.3.6.2 Charge Density. The charge per unit area on a
surface or the charge per unit volume in space. Surface
charge density is measured in coulombs per square meter.
Volume charge density, also called space charge density or
space charge, is measured in coulombs per cubic meter.

3.3.6.3 Charge Relaxation. 'The process by which separated
charges recombine or by which excess charge is lost from a
system.

3.3.7 Charging.

3.3.7.1 Induction Charging. The act of charging an object
by bringing it near another charged object, then touching
the first object to ground; also known as induction. Charge
polarization is induced on a grounded object in the vicinity
of a charged surface due to the electric field existing
between the object and the surface. If the ground connec-
tion is removed from the object during this period, the
induced charge remains on the object. Induction charging
occurs where a person walks from a conductive floor cover-
ing onto an insulating floor in the presence of an electric
field.

3.3.7.2% Triboelectric Charging. Static electric charging that
results from contact or friction between two dissimilar mate-
rials; also known as frictional charging and contact-
separation charging.

3.3.8 Combustible. Capable of undergoing combustion.
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A 3.3.9 Combustible Dust. For the purposes of this recommen-

ded practice, a combustible particulate solid that presents a fire
or deflagration hazard when suspended in air or other oxidiz-
ing medium over a range of concentrations, regardless of parti-
cle size or shape.

3.3.10 Combustion. A chemical process of oxidation that
occurs at a rate fast enough to produce heat and usually light
in the form of either a glow or a flame.

3.3.11 Conductive. Possessing the ability to allow the flow of
an electric charge; typically, liquids possessing a conductivity
greater than 10* picosiemens per meter (pS/m) or solids
having a resistivity less than 10° ohm-meters (Q-m).

3.3.12* Conductivity (o). The reciprocal of resistivity, that is,
1/resistivity. An intrinsic property of a solid or liquid that
governs the way electrical charges move across its surface or
through its bulk.

3.3.13 Conductor. A material or object that allows an electric
charge to flow easily through it.

3.3.14 Current (I). A measure of the rate of transport of elec-
tric charge past a specified point or across a specified surface.
The symbol I is generally used for constant currents, and the
symbol i is used for time-variable currents. The unit of current
is the ampere; 1 ampere equals 1 coulomb/sec (6.24 x 10
electrons/sec).

3.3.14.1 Charging Current (I,). The rate of flow of charge
into a given system per unit of time, expressed in amperes.

3.3.14.2 Streaming Current (I). The current produced by
the flow of a charged liquid or solid.

3.3.15* Dielectric Constant. The ratio of the permittivity of a
material to the permittivity of a vacuum that indicates a materi-
al's ability, relative to a vacuum, to store electrical energy or
charge, where the material is placed in an electric field.

3.3.16* Dielectric Strength. The maximum electrical poten-
tial gradient (electric field) that a material can withstand with-
out electric breakdown, usually specified in volts per millimeter
of thickness; also known as electric strength or breakdown strength.

3.3.17 Discharge.

3.3.17.1* Brush Discharge. A higher energy form of corona
discharge characterized by low-frequency bursts or by
streamers, which can form between charged nonconductive
surfaces and grounded conductors.

3.3.17.2*% Bulking Brush Discharge. =~ A partial surface
discharge over the top of solid piles that is created during
bulking of powder in containers and that appears as a lumi-
nous, branched channel flashing radially from the wall
toward the center of the pile.

3.3.17.3% Corona Discharge. A low energy electrical
discharge that results from a localized electrical breakdown
of gases near sharp conductive edges, needle points, and
wires.

3.3.17.4* Propagating Brush Discharge.  An energetic
discharge caused by electrical breakdown across a dielectric
layer having equal and opposite charges on the opposite
sides of the layer.
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3.3.18*% Dissipative. A material or a construction that will
reduce static charge to acceptable levels.

3.3.19* Double Layer. A phenomenon usually associated with
a solid-liquid interface where ions of one charge type are fixed
to the surface of the solid, and an equal number of mobile ions
of opposite charge are distributed through the neighboring
region of the liquid.

3.3.20 Electrometer. A device used to measure static electric
charge with high-input impedance, typically greater than 10'3
ohms, which draws negligible current from the measured
object.

3.3.21 Flammable Limit.

3.3.21.1 Lower Flammable Limit (LFL). The lowest molar
(or volume) concentration of a combustible substance in an
oxidizing medium that will propagate a flame.

3.3.21.2 Upper Flammable Limit (UFL). The highest molar
(or volume) concentration of a combustible substance in an
oxidizing medium that will propagate a flame.

3.3.22 Grounding. The process of connecting a conductive
object to the ground, so that the object is at zero (0) electrical
potential; also referred to as earthing.

3.3.23 Ignitible Mixture. A gas—air, vapor—air, mist-air, or
dust—air mixture, or combinations of such mixtures, that can
be ignited by a sufficiently strong source of energy, such as a
static electric discharge.

3.3.24 Ignition Energy. The energy required to effect ignition
of a specified fuel mixture under specified conditions of test.

3.3.24.1 Minimum Ignition Energy (MIE). The energy,
usually expressed in millijoules, stored in a capacitor that,
upon discharge, is just sufficient to effect ignition of the
most ignitible mixture of a given fuel mixture under speci-
fied test conditions.

3.3.25 Incendive. Able to cause ignition.

3.3.26 Induction. The process by which charges are moved to
new locations on a conductor by the action of an electric field
or the movement of a conductor into the influence of an exist-
ing electric field.

3.3.27% Induction Bar. A device that produces air ions by
means of corona discharge when in close proximity to a
charged nonconductive surface.

3.3.28 Inert Gas. For the purpose of controlling static electric
hazards, a nonflammable, nonreactive gas that renders the
combustible material in a system incapable of supporting
combustion.

3.3.29 Ionization. A process by which a neutral atom or mole-
cule loses or gains electrons, thereby acquiring a net charge
and becoming an ion.

3.3.30 Megohmeter. A meter used to measure high resistance
values that typically operates at higher test voltages than stand-
ard ohmmeters, usually in the range of 100 volts to 1000 volts.

3.3.31 Minimum Explosible Concentration (MEC). The
lowest concentration of a combustible dust in air, expressed in
grams per cubic meter, that will propagate a flame.
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3.3.32 Nonconductor (Insulator). A material that has the
ability to accumulate charge, even when in contact with
ground.

3.3.33 Ohms per Square. A unit of surface resistivity deter-
mined by use of a square electrode configuration to measure
the resistance.

3.3.34 Relaxation Time Constant (T). The time, in seconds,
for charge to decay by Ohm's law to e (36.7 percent) of its
initial value. For a capacitor, the relaxation time constant is the
product of resistance (ohms) and capacitance (farads).

3.3.35 Resistance (R). The opposition that a material offers
to the flow of current, expressed in ohms, and which is equal to
the voltage (V; in volts) between two points divided by the
current (/, amperes) that flows between those points.

3.3.36 Resistivity. The intrinsic property of a homogeneous
material that opposes the flow of electric current. A low resistiv-
ity (high conductivity) indicates a material that readily allows
the movement of electrical charge. The resistivity across the
surface of a material will differ from the resistivity through a
volume of the same material. Also, the resistance of a material
depends on its resistivity and its geometry. Resistivity is the
reciprocal of conductivity.

3.3.36.1 Surface Resistivity. The electric resistance of the
surface of an insulator, in ohms per square, as measured
between the opposite sides of a square on the surface, and
whose value in ohms is independent of the size of the
square or the thickness of the surface film.

3.3.36.2*% Volume Resistivity. The intrinsic property of a
material that offers resistance to the flow of electric current
through the material, expressed in ohm-meters (ohm-m) or
ohm-centimeters (ohm-cm).

3.3.37 Semiconductive (Static Dissipative). Liquids that typi-
cally possess a conductivity between 10? pS/m and 10* pS/m or

solids that typically possess a resistivity between 10° Q-m and 10°
Q-m.

3.3.38 Spark. A short-duration electric discharge due to a
sudden breakdown of air or some other insulating material
separating two conductors at different electric potentials,
accompanied by a momentary flash of light; also known as elec-
tric spark, spark discharge, and sparkover.

3.3.39 Static Electric Discharge. A release of static electricity
in the form of a spark, corona discharge, brush discharge, bulk-
ing brush discharge, or propagating brush discharge that
might be capable of causing ignition of a flammable atmos-
phere under appropriate circumstances.

3.3.40 Static Electricity. The branch of electrical science deal-
ing with the effects of the accumulation of electric charge.

3.3.41% Surface Streamer. A  surface-to-wall  discharge
observed on charged liquids during tanker filling, appearing as
a flash up to 30 cm long and accompanied by a crackling
sound.

3.3.42% Triboelectric Series. A ranking of materials accord-
ing to their affinity to accept or donate electrons.
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77-10 STATIC ELECTRICITY

Chapter 4 Units and Symbols of Measure

4.1 Units. (Reserved)

4.2 Symbols. The following symbols are used throughout this
recommended practice and are defined as follows:

= capacitance (farads)

= diameter (meters)

electric field strength (volts per meter)

= base of Napierian (natural) logarithms = 2.718
= permittivity of a material (farads per meter)
= permittivity of a vacuum (farads per meter)
dielectric constant (kappa)

= electric current (amperes)

= streaming current (amperes)

= liquid conductivity (siemens per meter)

ion mobility (square meters per volt-second)
micrometers (microns) = 10° meter

= electric resistance (ohms)

electrical resistivity (ohm-meters)

= quantity of electrical charge (coulombs)

= electrical resistance (ohms)

= volume resistivity (ohm-meters)

electrical conductance (siemens)

= elapsed time (seconds)

= charge relaxation time constant (seconds)
= flow velocity (meters per second)

= electrical potential difference (volts)

= energy or work done (joules)
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Chapter 5 Fundamentals of Static Electricity

5.1 General.

5.1.1 The most common experiences of static electricity are
the crackling and clinging of fabrics as they are removed from
a clothes dryer or the electric shock felt when touching a metal
object after walking across a carpeted floor or stepping out of
an automobile. Nearly everyone recognizes that these phenom-
ena occur mainly when the atmosphere is very dry, particularly
in winter. To most people, static electricity is simply an annoy-
ance. In many industries, particularly those where combustible
materials are handled, static electricity can cause fires or explo-
sions.

5.1.2 The word electricity is derived from elektron, the ancient
Greek word for amber. The phenomenon of electrification was
first noticed when pieces of amber were rubbed briskly. For
centuries, the word electricity had no meaning other than the
ability of some substances to attract or repel lightweight objects
after being rubbed with a material such as silk or wool. Stron-
ger electrification accompanied by luminous effects and small
sparks was first observed about 300 years ago by Otto von
Guericke.

5.1.3 In comparatively recent times, when the properties of
flowing (current) electricity were discovered, the term static
came into use to distinguish a charge that was at rest from one
that was in motion. Today the term is used to describe phenom-
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ena that originate from an electric charge, regardless of
whether the charge is at rest or in motion.

5.1.4 All materials, whether solid or fluid, are composed of
various arrangements of atoms. Atoms are composed of posi-
tively charged nuclear components, which give them mass,
surrounded by negatively charged electrons. Atoms can be
considered electrically neutral in their normal state, meaning
that there are equal amounts of positive and negative charge.
They can become charged where there is an excess or a defi-
ciency of electrons relative to the neutral state. Electrons are
mobile and of insignificant mass and are the charge carriers
most associated with static electricity.

5.1.5 In materials that are conductors of electricity, such as
metals, electrons can move freely. In materials that are insula-
tors, electrons are more tightly bound to the nuclei of the
atoms and are not free to move. Examples of materials that
often are insulators include glass, rubber, plastics, gases, paper,
and petroleum products.

5.1.6 The mobility of electrons in materials known as semicon-
ductors is freer than in insulators but is still less than in
conductors. Semiconductive materials are commonly character-
ized by their high electrical resistance, which can be measured
with a megohmmeter.

5.1.7 In otherwise insulating fluids, an electron can separate
from one atom and move freely or attach to another atom to
form a negative ion. The atom losing the electron then
becomes a positive ion. Ions are charged atoms and molecules.

5.1.8 Unlike charges attract each other, and the attractive
force can draw the charges together if the charges are mobile.
The energy stored is the result of the work done to separate the
charges.

5.2 Separation of Charge by Contact of Materials. Separation
of charge cannot be prevented absolutely, because the origin of
the charge lies at the interface of materials. Where materials
are placed in contact, some electrons move from one material
to the other until a balance (equilibrium condition) in energy
is reached. This charge separation is most noticeable in liquids
that are in contact with solid surfaces and in solids that are in
contact with other solids. The flow of clean gas over a solid
surface produces negligible charging.

5.2.1 The enhanced charging that results from materials
being rubbed together (triboelectric charging) is the result of
surface electrons being exposed to a broad variety of energies
in an adjacent material, so that charge separation is more likely
to take place. The breakup of liquids by splashing and misting
results in a similar charge separation. It is necessary to transfer
only about one electron for each 500,000 atoms to produce a
condition that can lead to a static electric discharge. Surface
contaminants at very low concentrations can play a significant
role in charge separation at the interface of materials. [See
Figure 5.2.1(a) and Figure 5.2.1(b).]

5.2.2 Charge can also be injected into a stream of nonconduc-
tive fluid by submerging within the stream a pointed electrode
on which a high voltage has been impressed.
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FIGURE 5.2.1(a) Typical Charge Generation by Relative
Movement of Insulating Materials. (Source: H. L. Walmsley,
“Avoidance of Electrostatic Hazards in the Petroleum Industry,” p.
19.)
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FIGURE 5.2.1(b) Typical Charge Generation by
Atomization. (Source: H. L. Walmsley, “Avoidance of Electrostatic
Hazards in the Petroleum Industry,” p. 19.)

5.3 Charging by Induction.

5.3.1 Theory of Induction Charging. Conductive materials
can become charged when brought near a highly charged
surface. Assume a charged insulator, as shown in Figure
5.3.1(a). An ungrounded conductor is brought close to the
charged insulator, as shown in Figure 5.3.1(b). Electrons in the
conductor are either drawn toward or forced away from the
region of closest approach to the charged insulator’s surface,
depending on the nature of the charge on that surface. If the
ungrounded conductor is then touched to ground or to a third
object, electrons can flow to or from ground or the object,
changing the net charge on the conductor. This is shown in
Figure 5.3.1(c). If, as shown in Figure 5.3.1(d), contact is then
broken and the conductor and charged surface are separated,
the charge on the now isolated conductor remains the same as
when contact is broken. The net charge that was transferred
during contact is called induced charge.

+ + + 4+ o+ 4+
| Insulator |

FIGURE 5.3.1(a) Charged Insulator with Field Lines Shown.
(Source: T. H. Pratt, Electrostatic Ignitions of Fires and Explosions,

p. 29.)
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+ + + o+ 4+ o+ + 4+ 4+
Conductor

£+ 4+ + 4+ 4+ 4+ o+ 4+ 4+
Insulator |

FIGURE 5.3.1(b) Charge Redistribution on a Conductor as
It Nears a Charged Surface Charge remains on conductor as
conductor is removed from contact with insulator. (Source: T. H.
Pratt, Electrostatic Ignitions of Fires and Explosions, p. 29.)

R S e S S R
| Insulator |

FIGURE 5.3.1(c) Net Charge Transfer to or from
Conductor as a Result of Contact or Discharge. (Source: T. H.
Pratt, Electrostatic Ignitions of Fires and Explosions, p. 29.)

Conductor

FIGURE 5.3.1(d) Isolated Conductor Carrying a Charge
(After Being Separated from Insulator).

5.3.1.1 The separation of charge on a neutral isolated conduc-
tor and its distribution near a charged insulating surface
produces electrical stresses near the point of closest approach.
Sharp edges on the conductor can yield a localized electrical
breakdown of the gas stream, known as corona, or an electric
spark across the gap. Either of these events can transfer charge
between the materials, leaving the isolated conductor charged.
Such a transfer occurs, for example, where a person wearing
nonconductive shoes receives a static electric shock by contact-
ing the metal frame supporting a highly charged web. As a
result, the person acquires a net static electric charge and can
receive a second shock after leaving the area by touching a
grounded metal object, thereby allowing the acquired charge
to flow to earth.

5.3.1.2 Charge can also be imparted to a surface or into the
bulk of a material by directing a stream of electrons or ions
against the surface or the material. If the surface or material is
not conductive or is conductive but isolated from ground, the
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charge delivered by the bombarding stream remains after the
stream stops.

5.3.2 Induction Charging of Personnel.

5.3.2.1 If a person walks about, there is a redistribution of
static electric charge on the body as he or she approaches and
leaves places where there is charge. Here, the term person
includes the body, clothing, tools, flashlights, pens, and any
other articles carried along, as well as the nature of the electri-
cal connections among them. The total charge on the person
does not change as he walks around, unless there is passage of
charge from the person to the environment, for example, a
charged object, the floor, the air, or anything else in the
surroundings that becomes a path for charge redistribution.

5.3.2.2 Induction charging of a person can occur in a variety
of ways:

(1)  The person touches the charged object. In this case charge
flows between the object and the person, and the
person’s conductivity gives charge the possibility of being
distributed farther from the object.

(a) If the object is a conductor, charge from its entirety
will be reduced by the amount transferred to the
person, so that both will end up with the same volt-
age (potential).

(b) If the object is an insulator, local discharge will
occur and that charge will be distributed to the
person. A moving web would be one case in which
the local discharges to the person would add up on
the person to produce net charging that is similar to
that from a conductor. The person would end up
with the average voltage (potential) of the web.

(2)  An electrical discharge occurs between the person and the charged
object. The result will be very similar to what happens with
direct contact, and in fact, a discharge probably will occur
as the person approaches and touches the charged
object. The electrical discharge generally occurs from
where there is a high concentration of charge — nearby
regions on the person or object that are pointed or sharp
(e.g., points, corners, or edges). There will be a spark or
some form of corona discharge. (See Section 5.5 for descrip-
tions of electrical discharges.)

(3) Current is conducted through shoes to the floor. If there is
conduction through the shoes, charge will distribute
beyond the person, and an equal amount of charge will
be conducted to the person to be drawn closer to the
charged object. If the shoes or floor are not good conduc-
tors, it will take time for the net charge on the person to
grow and be lost as the person walks from the area.

(4)  The person touches others, structural steel, tool boxes in the area,
elc., or provides other paths for charge to redistribute. Each of
these actions gives a larger area for charge redistribution,
and when those paths are broken leaves a net charge on
the person. If shoes and floor are nonconductive, the
charge will remain on the person when he or she leaves
the charged object.

(5)  There is an electrical discharge between the person and something
— Uypically grounded — in the environment. The discharge
can come from the hair, rings, finger nails, conductive
clothing, and so forth. In the case of corona, the
discharge can be into the air without a nearby grounded
surface.
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5.3.2.3 The actual redistribution of charge is complex and
dynamic, and the net charge on the person changes with time.
One must be careful in handling tools and actions performed
while working with charged operations in industry. Gravure
printing, coating, and finishing with solvent-based materials are
particularly hazardous as a result of induction charging. With-
out good static elimination, pointing a finger at process lines
and working with conductive tools can be hazardous. There are
numerous opportunities for spark discharges brought on by
proximity of workers and charged objects.

5.3.2.4 Pneumatic conveying of bulk solids in nonconductive
hoses poses special problems, because charging and discharg-
ing along the lines induces complex charges and currents in
the work area. The induced charges and currents can be
hazardous to workers and electronic equipment.

5.3.2.5 One area often overlooked is the pickup of charge by
induction at one workstation, possibly in a nonhazardous area,
that is carried to a hazardous location. Appropriate footwear
and flooring is advised in the hazardous area.

5.4 Accumulation and Dissipation of Charge.

5.4.1 A static electric charge will accumulate where the rate at
which charges separate exceeds the rate at which charges
recombine. Work must be done to separate charges, and there
is a tendency for the charges to return to a neutral state. The
potential difference, that is, the voltage, between any two
points is the work per unit charge that would have to be done
to move the charges from one point to the other. This work
depends on the physical characteristics (that is, shape, size, and
nature of materials and location of objects) of the particular
system and can be expressed by the following equation:

[5.4.1]

@)
Il
=1

where:

C = capacitance (farads)

Q = charge that has been separated (coulombs)
V = potential difference (volts)

5.4.2 Typical examples of accumulation are illustrated in
Figure 5.4.2. (See also Table A.3.3.5.)

5.4.3 Separation of electric charge might not in itself be a
potential fire or explosion hazard. There must be a discharge
or sudden recombination of the separated charges to pose an
ignition hazard. One of the best protections from static electric
discharge is a conductive or semiconductive path that allows
the controlled recombination of the charges.

5.4.4 In static electric phenomena, charge is generally separa-
ted by a resistive barrier, such as an air gap or insulation
between the conductors, or by the insulating property of the
materials being handled or processed. In many applications,
particularly those in which the materials being processed are
charged insulators (nonconductors), it is not easy to measure
the charges or their potential differences.
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FIGURE 5.4.2 Examples of Charge Accumulation. (Source:
H. L. Walmsley, “Avoidance of Electrostatic Hazards in the
Petroleum Industry,” p. 37.)

5.4.5 Where recombining of charges occurs through a path
that has electrical resistance, the process proceeds at a finite
rate, 1/7, and is described by the charge relaxation time or charge
decay time, T. This relaxation process is typically exponential
and is expressed by the following equation:

[5.4.5]
Q=Q¢"

where:
Q, = charge remaining at elapsed time ¢ (coulombs)
Q) = charge originally separated (coulombs)

¢ = base of natural logarithms = 2.718

t = elapsed time (seconds)

7 = charge relaxation time constant (seconds)

5.4.6 The rate of charge recombination depends on the
capacitance of the material and its resistance and is expressed
as follows:

[5.4.6]
T=RC

where:

7 = charge relaxation time constant (seconds)
R = resistance (ohms)

C = capacitance (farads)

5.4.7 For bulk materials, the relaxation time is often expressed
in terms of the volume resistivity of the material and its electri-
cal permittivity as follows:
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[5.4.7]
T=pe

where:

7 = charge relaxation time constant (seconds)
p = volume resistivity (ohm-meters)

& = permittivity of material (farads per meter)

5.4.8 The exponential decay model described in 5.4.5 is help-
ful in explaining the recombination process but is not necessa-
rily applicable to all situations. In particular, nonexponential
decay is observed where the materials supporting the charge
are certain low-conductivity liquids or powders composed of
combinations of insulating, semiconductive, and conductive
materials. The decay in such cases is faster than the exponen-
tial model predicts.

5.4.9 Dissipation of static electric charges can be achieved by
modifying the volume or surface resistivity of insulating materi-
als with antistatic additives, by grounding isolated conductors,
or by ionizing the air near insulating materials or isolated
conductors. Air ionization involves introducing mobile electric
charges (positive, negative, or both) into the air around the
charged objects. The ions are attracted to the charged objects
until the charges on the objects are neutralized. The ion
current in the air serves as the mechanism that brings the
neutralizing charge to the otherwise bound or isolated charge.

5.5 Discharge of Static Electricity and Ignition Mechanisms.

5.5.1 General. As electric charge accumulates through separa-
tion, there is an increase in the electrical forces trying to
restore a neutral condition by reuniting those charges in the
form of a static electric discharge. Many types of discharges can
occur and are illustrated broadly in Figure 5.5.1. For a static
electric discharge to be a source of ignition, the following four
conditions must be met:

(1) An effective means of separating charge must be present.

(2) A means of accumulating the separated charges and
maintaining a difference of electrical potential must be
available.

(3) A discharge of the static electricity of adequate energy
must occur.

(4) The discharge must occur in an ignitible mixture.

5.5.2 Corona Discharge. As defined in 3.3.17.3, corona
discharge is a low energy electrical discharge that results from
localized electrical breakdown of gases near sharp conductive
edges, needle points, and wires. (See Figure 5.5.2.)

5.5.2.1 In most cases, the energy density of corona discharge
is very low. Consequently, the hazard from corona discharge is
small. Where corona discharge is more intense, pre-breakdown
streamers called brush discharges occur. These appear as random
filaments of light that make faint hissing or frying sounds.
Brush discharges that originate on needlelike tips with radii
smaller than 1 mm do not, in general, lead to ignition.
Discharges from blades, however, can ignite mixtures that have
very low ignition energies, such as hydrogen—air or carbon
disulfide—air mixtures. Gas—air and vapor—air mixtures can be
ignited if brush discharges originate from elements with edge
diameters greater than 5 mm or from a rod with a hemispheri-
cal end, such as a human finger. (See Figure 5.5.2.1.)
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FIGURE 5.5.1 Approximate Energies of Types of Discharges Compared with Minimum Ignition

Energies (MIEs) of Typical Combustible Materials. (Adapted from H. L. Walmsley, “Avoidance of

Electrostatic Hazards in the Petroleum Industry,” p. 26.)

5.5.2.2 Sharp edges, corners, and projections (e.g., those with
an edge diameter of 5 mm or less) that point toward charged
surfaces need to be identified because they can concentrate the
charge, providing intense, localized stresses that can lead to
electrical corona and sparks.

5.5.3 Sparks Between Conductors.

5.5.3.1 Sparks from ungrounded charged conductors, includ-
ing the human body, are responsible for most fires and explo-
sions ignited by static electricity. Sparks are typically intense
capacitive discharges that occur in the gap between two
charged conducting bodies, usually metal. The energy of a
spark discharge is highly concentrated in space and in time.

5.5.3.2 The ability of a spark to produce ignition is governed
largely by its energy, which is some fraction of the total energy
stored in the system.

5.5.3.3 The energy of a spark can be determined from the
capacitance of the conductive system and the electrical poten-
tial or from the quantity of charge separated from the conduc-
tors. It is expressed by the equations that follow. These
relationships are shown graphically in Figure 5.5.3.3.

[5.5.3.3]

where:

W = energy (joules)

C = capacitance (farads)

V = potential difference (volts)
Q = charge (coulombs)
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FIGURE 5.5.2 Corona Discharge. (Source: T. H. Pratt,
Electrostatic Ignitions of Fires and Explosions, p. 32.)

FIGURE 5.5.2.1

Industry,” p. 27.)

Brush Discharge. (Adapted from H. L.
Walmsley, “Avoidance of Electrostatic Hazards in the Petroleum
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FIGURE 5.5.3.3 Nomograph for Estimating Energy in a
Capacitive Spark Discharge. (Source: T. H. Pratt, Electrostatic
Ignitions of Fires and Explosions, p. 113.)

5.5.3.4% To be capable of causing ignition, the energy released
in the discharge must be at least equal to the minimum igni-
tion energy (MIE) of the ignitible mixture. Other factors, such
as the shape of the charged electrodes and the form of
discharge, influence conditions for the static electric discharge
and its likelihood of causing ignition.

5.5.3.5 Most gases and vapors of hydrocarbons require about
0.25 m] of energy for spark discharge ignition, assuming opti-
mum mixtures with air. There are some that require less energy
for ignition. Discussion of the minimum ignition energy for
specific materials can be found in 9.2.3, 9.2.4, and 15.11.1. (See
Table B.1.)

5.5.3.6 Mists, dusts, and fibers usually require an MIE that is
one or two orders of magnitude greater than that for gases and
vapors. It should be noted that, for any given particulate mate-
rial, the MIE diminishes rapidly with decreasing particle size.

5.5.3.7 The ignition energies for gases, vapors, and dusts are
reduced by an increase in the oxygen concentration relative to
that for air. Likewise, ignition energies are increased by a
decrease in oxygen concentration.

5.5.4 Hybrid Mixtures. Where two or more flammable materi-
als of different phases (e.g., a dust and a vapor) are present in
the same mixture, the mixture is referred to as a hybrid. Tests
have shown that adding a flammable gas to a dust suspension
can greatly lower the ignition energy of the dust. This phenom-
enon is especially true where the gas is present at a concentra-
tion below its lower flammable limit (LFL) or the dust is below
its minimum explosible concentration (MEC). Such hybrid
mixtures can sometimes be ignited even if both components
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are below their lower limits. A hybrid mixture can be formed by
the following:

(1) Vapor desorption from particulates (such as in resin
product receivers)

(2) Reaction of particulates with atmospheric moisture that
produces a flammable gas

(3) Introduction of a dust into a flammable vapor atmos-
phere (such as adding a dust or powder to a flammable
liquid)

5.5.5 Static Electric Discharge from the Human Body.

5.5.5.1 The human body is a good electrical conductor and
has been responsible for numerous incidents of static electric
discharge.

5.5.,5.2 A person insulated from ground can accumulate a
significant charge by walking on an insulating surface, by
touching a charged object, by brushing surfaces while wearing
nonconductive clothing, or by momentarily touching a groun-
ded object in the presence of charges in the environment.
During normal activity, the potential of the human body can
reach 10 kV to 15 kV. At a capacitance of 200 pF (see Table
A.3.3.5), the accumulated energy available for a spark can
reach 10 to 22.5 m]. A comparison of these values to the MIEs
of gases or vapors makes the hazard readily apparent.

5.5.6 Discharges Between Conductors and Insulators.

5.5.6.1 Sparks often occur between conductors and insulators.
Examples of such occurrences include situations in which plas-
tic parts and structures, insulating films and webs, liquids, and
particulate material are handled. The charging of these materi-
als can result in surface discharges and sparks, depending on
the accumulated charge and the shape of nearby conductive
surfaces. The variable charge density (both in magnitude and
polarity) observed on insulating surfaces is the effect of these
discharges spreading over a limited part of the insulating
surface.

5.5.6.2 Even with the use of static electricity neutralizers, some
charges will remain in certain areas but typically are not
hazardous if there is no mechanism by which they can accumu-
late. However, a dangerous (i.e., ignition-capable) static electric
charge can result because of concentration of individual
charges. Examples of how such concentration of charge can
occur include stacking or nesting of empty plastic containers,
winding film onto a roll or drum, and filling a vessel with a
nonconductive liquid or powder.

5.5.7 Discharge on the Surface of an Insulator Backed by a
Conductor. A surface coated with a thin (less than 8 mm)
layer of an insulating material will act as a capacitor to store
charge. At sufficiently high charge levels (i.e., greater than 250
pC/m?), a branching discharge will be observed on the surface
of the coating. This branching discharge is referred to as a prop-
agating brush discharge. Alternatively, an electrical breakdown
through the layer can occur. The energy stored in the coating
can be as high as several joules per square meter, so the energy
of the discharge, however distributed in space, can be sufficient
to ignite gas—air, vapor—air, and dust-air mixtures. (See Figure
5.5.7.)
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FIGURE 5.5.7 Propagating Brush Discharge. (Source: T. H.
Pratt, Electrostatic Ignitions of Fires and Explosions, p. 35.)

Chapter 6 Evaluating Static Electricity Hazards

6.1 General.

6.1.1 There are two basic steps in evaluating static electricity
hazards:

(1) Identification of locations where charge separates and
accumulates

(2) Assessment of the ignition hazards at the locations where
charge separates and accumulates

A 6.1.2 The evaluation process specified in 6.1.1 is outlined in

Figure 6.1.2.

6.1.3 Onssite evaluation or survey of the process should be
made to identify any ungrounded conductive objects, including
personnel, and any materials that could serve as electrical insu-
lators and interfere with proper bonding and grounding. The
survey should identify those locations that might pose a static
electricity hazard, even if there is no evidence of accumulation
of charge at the time of the evaluation.

6.1.3.1 Special attention should be given to insulating materi-
als that are handled or processed.

6.1.3.1.1 Each process operation should be considered sepa-
rately, and attention should be given to the likely range of
exposure of the materials. For example, changes in tempera-
ture and relative humidity can significantly influence the bulk
conductivity and surface conductivity of materials.

6.1.3.2 It is often helpful to first complete a design review of
the operation, process, or machine and a visual survey of the
area. An on-site instrumented evaluation should then be
conducted during actual operating conditions to determine
the nature and magnitude of any static electricity hazards
present.
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WARNING: During an audit, precautions should be taken
that are consistent with the equipment and the materials in the
area where measurements are to be taken. The primary igni-
tion hazard comes from introducing a grounded electrode,
such as the housing of a field meter (see Section 6.4), into the
vicinity of a charged surface, thus providing a route for a static
electric discharge. The surface being measured should always
be approached slowly during observation of the meter's
response. Extreme care should be taken so that neither instru-
ments nor testing techniques cause ignition of flammable
atmospheres. Appropriate safe work practices should be
employed where measurements are being taken in and around
physical hazards such as moving belts, webs, and pulleys.

6.2 Measuring a Static Electric Charge. A meaningful evalua-
tion requires using an appropriate instrument, using the instru-
ment according to the manufacturer's instructions,
maintaining calibration of the instrument, and interpreting the
measurements according to the manufacturer's recommenda-
tions.

6.3 Measuring the Charge on a Conductor.

6.3.1 The voltage on a conductor is proportional to the
charge it supports and is expressed by the following equation:

[6.3.1]

<
1]
ol

where:

V = potential difference (volts)

Q = charge supported by the conductor (coulombs)
C = capacitance of the conductor (farads)

6.3.2 The voltage on a conductor can be measured by direct
contact using a voltmeter, provided that the impedance of the
voltmeter is high enough so that it does not discharge the
conductor and the capacitance is small enough so that it does
not collect a significant charge from the conductor. An electro-
static voltmeter with input impedance greater than 10'? ohms
can be used for measuring voltages on most ungrounded
conductors. Because conductors have the same voltage at every
point on their surface, the location at which the test probe of
the voltmeter touches the surface of the conductor is not
important.

6.4 Measuring the Charge on a Nonconductor.

6.4.1 The charge on a nonconductor cannot be measured
using a direct contact electrostatic voltmeter. A noncontact
electrostatic voltmeter, or field meter, must be used. A noncon-
tact electrostatic voltmeter senses the strength of the static elec-
tric field from the net charge on or in the nonconductor. The
field strength, which is proportional to the static electric force
per unit charge, describes the electric forces present near a
charged object. For practical purposes, an electric field is the
force that a person experiences or measures around a charged
object.
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Note 1: Does process include

Is there
potential to create
ignitible mixture?
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Powders or solids?
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Settling?

Bubbles rising?

Deliberate or intentional
generation of electrostatic
charge, e.g., an electrostatic
coating process?

Bond and ground all
conductive equipment

Can
electrostatic energy
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(Note 1)

Material or
process change

Static ignition
hazard is
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Can
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discharge energy
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Static ignition
hazard is
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made?

Note 2: Does process include

Insulated equipment?
Insulating materials?

Isolated conductive equipment?
Interaction with personnel?
Nonconductive liquids?

Mists or clouds?

Danger: Ignition
is anticipated

Control ignitible
mixtures

(see NFPA 69) system is isolated from ground?

Ignition
is not
anticipated

Isolated conductive liquids, e.g., a conductive
liquid in an electrostatic system where the entire

FIGURE 6.1.2 Flow Chart for Determining Static Electric Ignition Hazard. (For
recommendations for bonding and grounding, see 7.4.1. For information on controlling ignitible

mixtures, see NFPA 69

6.4.2 Field meters are calibrated to measure the electric field
in units of volts per unit distance, typically kilovolts per meter.
In most cases, the measurements are proportional to the net
static electric charge on the object being measured. Field
meters are referred to as field mills or charge locators, depending
on their principle of operation and level of sophistication.
Because the charge density on or in a nonconductor typically is
not uniform, measurements should be taken at several loca-
tions.

6.4.3 Charged nonconductors exist in many forms, such as
sheets, films, webs, powders, liquids, process rolls, and extru-
sions. Charges on these materials and objects produce electric
fields that are influenced by the instrument, by the observer,
and by other nearby conductive, semiconductive, or insulating
materials. As a result, the electric field measured by the instru-
ment generally is different from the electric field present
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before the instrument was introduced. This phenomenon is a
result of a change in capacitance.

6.4.4 The forces between electric charges exhibit themselves
at a distance. For that reason, the effects of accumulated
charge can be observed as the charged objects are approached.
For example, the hands and arms of a person who approaches
a highly charged object will tingle and might even draw a spark
as the surface of the skin and the hair become “charged.”
Sometimes these observations and sparks provide the first indi-
cation that a potentially hazardous condition exists. Charging
of the human body can happen even if the person is well
grounded.

6.5 General Practices.

6.5.1 The primary instrument for locating a charge on either
a conductor or a nonconductor is the noncontact voltmeter or
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field meter. As its name implies, the instrument does not
contact the charged surface directly. Rather, it senses the
magnitude and the polarity of the electric field that exists at its
sensing aperture. As stated in 6.4.3, the instrument and its sens-
ing aperture disturb the electric field around the charge to be
measured, so the meter reading does not accurately indicate
the actual magnitude of the field where the meter is not
present. Aside from that deficiency, the field meter is an inex-
pensive and valuable tool for locating a static electric charge.

6.5.2 In some cases, primarily cases involving flowing liquids
and flowing bulk solids, it is easier to collect a sample of the
charged material in an isolated vessel or cup, referred to as a
Faraday cup, and to use an electrometer to measure the stream-
ing current or net charge flowing to the cup receiving the
charged material.

6.6 Measuring the Accumulation and Relaxation of Charge.

6.6.1 Measuring the rate of accumulation and relaxation of
static electric charge involves measuring changing potential
differences or currents.

6.6.2 Field meters and dedicated charge decay monitors can
be used to observe charge relaxation on conductors and
nonconductors under conditions of prescribed initial voltages.

6.6.3 Leakage currents down to about 10™'* amperes can be
measured from isolated conductors using commercially availa-
ble electrometers. The isolated conductor can be a Faraday cup
containing a bulk solid or fluid.

6.7 Measuring the Resistivity of Materials. Electrical resistivity
of materials often consists of volume (bulk) and surface
components. In electrostatic processes, the approximate ranges
of resistivities that define materials as insulating, semiconduc-
tive (antistatic), or conductive are summarized in Figure 6.7.
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FIGURE 6.7 Ranges of Volume and Surface Resistivities.
(Source: H. L. Walmsley, “Avoidance of Electrostatic Hazards in the
Petroleum Industry,” p. 138.)
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6.7.1 Electric charges can be conducted from a solid, liquid,
or powder, either across the surface or through the material.

6.7.2 The volumetric resistivity of a material can be deter-
mined by applying a potential difference across a sample of
known cross section and monitoring the current through the
cross section.

6.7.3 Adsorbed material, particularly water vapor, and
compaction of materials are known to lower the resistivity of
materials. The resistivity of many materials also has been found
to vary with the applied potential difference and with the dura-
tion of the test. Various designs of cells used to measure resistiv-
ity have been developed into standard test configurations that
are applicable to specific kinds of samples. Appropriate test
procedures include the following:

(1) ASTM D257, Standard Test Methods for DC Resistance or
Conductance of Insulating Materials

(2) BS EN 61241-2-2, Electrical Apparatus for Use in the Presence
of Combustible Dust — Part 2: Test Methods; Section 2: Method
for Determining the Electrical Resistivity of Dust in Layers

(3) JIS B 9915, Measuring Methods for Dust Resistivity (with
Parallel Electrodes)

6.8 Assessment of Conduction Paths.

6.8.1 As defined in 3.3.2, bonding is a process whereby two or
more conductive objects are connected by means of a conduc-
tor so that they are at the same electrical potential; that is, the
voltage difference between the objects is zero (0). The objects
might or might not be at the same potential as the earth. In
fact, a considerable potential difference between the objects
and the earth could exist.

6.8.2 As defined in 3.8.22, grounding is the process of bonding
one or more conductive objects to the earth so that they are all
at zero (0) electrical potential.

6.8.3 In both bonding and grounding, the intent is to elimi-
nate the occurrence of a static electric spark.

6.8.4 Identification of conductive equipment and objects
within a process is critical for successful bonding and ground-
ing. Periodic inspection and testing of bonding and grounding
systems are equally important. Proper inspection and testing
ensure that the chances for a static electric charge to accumu-
late are minimized. In bonding and grounding installations
that are prone to corrosion, movement, or insulating surface
coatings, self-testing bonding clamps and systems can be used
to continuously test the resistance to ground and verify accepta-
ble levels.

6.8.5 The resistance to ground of the bonding or grounding
path is important, not only to ensure relaxation of the static
electric charge but also to maintain worker safety and satisfy
other purposes, such as for lightning protection and electrical
system shock protection. Practices that constitute proper resist-
ance to ground vary from application to application. Chapters
7 through 16 provide examples of acceptable grounding practi-
ces.

6.8.6 The resistance to ground is measured with an ohmmeter
or a megohmmeter. Care should always be taken to avoid igni-
tion by using appropriate instruments or procedures, based on
the classification of the area.
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6.9 Measuring Spark Discharge Energies.

6.9.1 The spark discharge energy for conductors is deter-
mined from the voltage on the conductor and its capacitance
and is expressed by the following equations (which were also
given in 5.5.3.3):

[6.9.1]
W= lCV2
2

Wzl[QQJ
2\ C

where:

W = energy (joules)

C = capacitance (farads)

V = potential difference (volts)
Q = charge (coulombs)

6.9.2 A capacitance meter often can be used to measure elec-
trostatic charge storage capacity where the charge is stored on
a conductive element.

6.10 Measuring Ignition Energies.

6.10.1 Any combustible solid (dust), liquid (vapor), or gas
should be evaluated for its potential as an ignitible atmosphere
in the presence of discharges of static electricity. This evalua-
tion requires determining the MIE of the material. Some data
on MIE can be found in Table B.1.

6.10.2 Standardized test equipment and procedures have
been developed for measuring the MIEs of particulate and
gaseous materials. The equipment is highly specialized and
requires trained technicians for its operation. Typically, the
equipment is operated and maintained by specialized testing
firms.

Chapter 7 Control of Static Electricity and Its Hazards by
Process Modification and Grounding

7.1 General.

7.1.1 The objective of controlling a static electricity hazard is
to provide a means whereby charges, separated by whatever
cause, can recombine harmlessly before discharges can occur.

7.1.2 Ignition hazards from static electricity can be controlled
by the following methods:

(1) Removing the ignitible mixture from the area where
static electricity could cause an ignition-capable discharge

(2) Reducing charge generation, charge accumulation, or
both by means of process or product modifications

(3) Neutralizing the charges, the primary methods of which
are grounding isolated conductors and air ionization

(4) Operating outside the flammable range

7.2 Control of Ignitible Mixtures in Equipment.

7.2.1 General. Despite efforts to prevent accumulation of
static electric charges through good design, many operations
that involve the handling of nonconductive materials or
nonconductive equipment do not lend themselves to engi-
neered solutions. It then becomes desirable or essential,
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depending on the nature of the materials involved, to provide
other measures, such as one of the following:

(1) Inerting of the equipment

(2) Ventilation of the equipment or the area in which it is
located

(3) Relocation of the equipment to a safer area

7.2.2 Inerting.

A 7.2.2.1* Where an ignitible mixture is contained, such as in a

processing vessel, the atmosphere can be made oxygen defi-
cient by introducing enough inert gas (e.g., nitrogen or
combustion flue gas) to make the mixture nonignitible. This
technique is known as inerting. NFPA 69 contains requirements
for inerting systems.

7.2.2.2 Where operations are normally conducted in an
atmosphere containing a mixture above the upper flammable
limit (UFL), it might be practical to introduce the inert gas
only during those periods when the mixture passes through its
flammable range.

7.2.3 Ventilation. Mechanical ventilation can be used to dilute
the concentration of a combustible material to a point well
below its lower flammable limit (LFL), in the case of a gas or
vapor, or below its minimum explosible concentration (MEC),
in the case of a dust. Usually, such a reduction means dilution
to a concentration at or below 25 percent of the lower limit.
Also, by properly directing the air movement, it might be prac-
tical to prevent the material from approaching an area of oper-
ation where an otherwise uncontrollable static electricity
hazard exists.

7.2.4 Relocation. Where equipment that can accumulate a
static electric charge is unnecessarily located in a hazardous
area, it might be possible to relocate it to a safe location rather
than to rely on other means of hazard control.

7.3 Control of Generation of Static Electric Charge. Electric
charges separate where materials are placed in contact and
then pulled apart. Reducing process speeds and flow rates
reduces the rate of charge generation. Such charge separation
is found where plastic parts and structures, insulating films and
webs, liquids, and particulate material are handled. If the mate-
rial flows at a slow enough rate, a hazardous level of excess
charge does not normally accumulate. This means of static
electricity control might not be practical due to processing
requirements. (See Chapters 9 through 16 for recommended practices
in specific applications.)

7.4 Charge Dissipation.

7.4.1 Bonding and Grounding. Bonding is used to minimize
the potential difference between conductive objects, even
where the resulting system is not grounded. Grounding (i.e.,
earthing), on the other hand, equalizes the potential differ-
ence between the objects and the earth. Examples of bonding
and grounding are illustrated in Figure 7.4.1.

7.4.1.1 A conductive object can be grounded by a direct
conductive path to earth or by bonding it to another conduc-
tive object that is already connected to the ground. Some
objects are inherently bonded or inherently grounded because
of their contact with the ground. Examples of inherently
grounded objects are underground metal piping and large
metal storage tanks resting on the ground.
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Grounding

Bonding and grounding

FIGURE 7.4.1 Bonding and Grounding.

7.4.1.2 The total resistance between a grounded object and
the soil is the sum of the individual resistances of the ground
wire, its connectors, other conductive materials along the
intended grounding path, and the resistance of the ground
electrode (i.e., ground rod) to the soil. Most of the resistance
in a ground connection exists between the ground electrode
and the soil. This ground resistance is quite variable because it
depends on the area of contact, the resistivity of the soil, and
the amount of moisture present in the soil.

7.4.1.3 To prevent the accumulation of static electricity in
conductive equipment, the total resistance of the ground path
to earth should be sufficient to dissipate charges that are other-
wise likely to be present. A resistance of 1 megohm (10° ohms)
or less generally is considered adequate.

7.4.1.3.1 Where the bonding/grounding system is all metal,
resistance in continuous ground paths typically is less than
10 ohms. Such systems include those having multiple compo-
nents. Greater resistance usually indicates that the metal path is
not continuous, usually because of loose connections or corro-
sion. A permanent or fixed grounding system that is acceptable
for power circuits or for lightning protection is more than
adequate for a static electricity grounding system.

7.4.1.3.1.1 In field-based situations such as HAZMAT hazard-
ous response operations or flammable/combustible materials
spill control and transfer, it might be necessary to establish a
temporary or emergency grounding system in a remote loca-
tion in order to dissipate static charges. In such situations, vari-
ous types of conductive grounding electrodes can be used, such
as rods, plates, and wires, which are sometimes used in combi-
nation to increase surface area contact with the earth. If the
purpose of the temporary grounding system is to dissipate
static electricity, a total resistance of up to 1 kohm (1000 ohms)
in the ground path to earth is considered adequate. This can
be measured using standard ground resistance testing instru-
ments and is realistically and quickly achievable in most types
of terrain and weather conditions.

7.4.1.3.2 Annex G contains diagrams of various grounding
devices, connections, and equipment.
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7.4.1.4 Where wire conductors are used, the minimum size of
the bonding or grounding wire is dictated by mechanical
strength, not by its current-carrying capacity. Stranded or brai-
ded wires should be used for bonding wires that will be connec-
ted and disconnected frequently. (See Annex G for additional
information.)

7.4.1.5 Although grounding conductors can be insulated
(e.g., a jacketed or plastic-coated cable) or uninsulated (i.e.,
bare conductors), uninsulated conductors should be used
because defects are easier to detect.

7.4.1.6 Permanent bonding or grounding connections can be
made by brazing or welding. Temporary connections can be
made using bolts, pressure-type ground clamps, or other
special clamps. Pressure-type clamps should have sufficient
pressure to penetrate any protective coating, rust, or spilled
material to ensure contact with the base metal.

7.4.1.7 Workers should be grounded only through a resistance
that limits the current to ground to less than 3 mA for the
range of voltages experienced in the area. This method, refer-
red to as soft grounding, is used to prevent injury from an elec-
tric shock from line voltages or stray currents.

7.4.2 Humidification.

7.4.2.1 The surface resistivity of many materials can be
controlled by the humidity of the surroundings. At humidities
of 65 percent and higher, the surface of most materials adsorbs
enough moisture to ensure a surface conductivity that is suffi-
cient to prevent accumulation of static electricity. When the
humidity falls below about 30 percent, these same materials
could become good insulators, in which case accumulation of
charge occurs.

7.4.2.2 While humidification does increase the surface
conductivity of the material, the charge will dissipate only if
there is a conductive path to ground.

7.4.2.3 Humidification is a not a cure-all for static electricity
problems. Some insulators do not adsorb moisture from the
air; therefore, high humidity will not noticeably decrease their
surface resistivity. Examples of such insulators are uncontami-
nated surfaces of some polymeric materials, such as plastic
piping, containers, and films, and the surface of petroleum
liquids. These surfaces are capable of accumulating a static
electric charge even when the atmosphere has a humidity of
100 percent.

7.4.3 Charge Relaxation and Antistatic Treatments.

7.4.3.1 Based on their properties, liquid and solid materials
carrying a static electric charge need time to dissipate, or
“relax,” the charge. In some cases, the materials can be allowed
sufficient time for the charges to relax before being introduced
into a hazardous area or process.

7.4.3.2 Charge relaxation can occur only if a path to ground
for conduction of the charge is available. Increasing the
conductivity of the material will not eliminate hazards if the
material remains isolated from ground.

7.4.3.3 A nonconductive material often can be made suffi-
ciently conductive to dissipate static electric charge, either by
adding conductive ingredients to its composition or by apply-
ing hygroscopic agents to its surface to attract atmospheric
moisture.
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7.4.3.4 Carbon black can be added to some plastics or rubbers
to increase conductivity. Carbon-filled plastics and rubber arti-
cles are sometimes sufficiently conductive to be grounded like
metal objects. Antistatic additives can also be mixed with liquid
and particulate streams to foster charge relaxation.

7.4.3.5 In some cases, particularly with plastic films or sheet-
ing, a material is added to attract atmospheric moisture to the
surface, thus increasing surface conductivity. Care should be
taken where antistatic plastic film or sheeting is used in low-
humidity conditions. In environments with less than 30 percent
humidity, film or sheeting can become nonconductive and
accumulate static electric charge.

7.4.3.6 Topical hygroscopic coatings attract atmospheric mois-
ture and make the surface of the coated material conductive.
However, such coatings can be easily washed away or rubbed off
or can lose effectiveness over time. This type of coating should
be considered only as a temporary measure to reduce accumu-
lation of static electric charge.

7.4.3.7 Conductive polymers, laminates with conductive
elements, and metallized films, along with permanent, inher-
ently dissipative polymer (IDP) additives that do not depend
on moisture to impart dissipative properties, have been devel-
oped for improved dissipation of static electric charge.

Chapter 8 Control of Static Electricity and Its Hazards by
Static Eliminators and Personnel Factors

8.1 Charge Neutralization by Ionization of Air.

8.1.1 General. Charges on nonconductive surfaces can be
neutralized by devices that produce oppositely charged air ions
via corona discharge. If such air ionizers are used, certain
factors influence their effectiveness and must be considered.
These factors might be environmental conditions (e.g., dust
and temperature) and positioning of the device in relation to
the material processed, machine parts, and personnel. It is
important to note that these control devices do not prevent the
generation of static electric charge. They provide ions of oppo-
site polarity to neutralize the generated static electric charge.

8.1.2 Inductive Neutralizers.

8.1.2.1 Inductive neutralizers include the following:

(1) Needle bars, which are metal bars equipped with a series
of needlelike emitters

(2) Metal tubes wrapped with metal tinsel

(3) Conductive string

(4) Brushes made with metal fibers or conductive fibers

8.1.2.2 The design of each type of inductive neutralizer is
based on or consists of sharply pointed elements arranged for
placement in the static electric field near the charged surfaces.

8.1.2.3 A charge drawn from ground to the needlelike tips of
an inductive neutralizer produces a concentrated electric field
at the tips. If the tips are sharply pointed, the electrical field
will be sufficient (i.e., greater than 3 kV/mm) to produce a
localized electrical breakdown of the air. This electrical break-
down, known as corona, injects ions into the air that are free to
move to distant charges of opposite polarity. The flow of ions
produced in corona constitutes a neutralizing current. (See
Figure 8.1.2.3.)

Shaded text = Revisions. A = Text deletions and figure/table revisions.

Full document details: NFPA 77 2019

e = Section deletions. N = New maiera!

T HEF + £+ + + + + + +
Charged surface

FIGURE 8.1.2.3 Example of an Induction Needle.

8.1.2.4 Although inexpensive and easy to install, inductive
neutralizers require a minimum potential difference between
the object and the needle tip to initiate corona and the neutral-
izing process. In the absence of this minimum charge, neutrali-
zation will not occur, and a residual potential of a few thousand
volts will be left on the material where sharp inductive points
are within about 12 mm of the surface.

8.1.2.5 It is critically important that inductive neutralizers are
connected to a secure ground. If the inductive neutralizer is
not grounded, sparks from the induction bar can occur.

8.1.3 Active Electric Static Neutralizers.

8.1.3.1 Electrically powered static neutralizers use a high-
voltage power supply to produce corona from sharp electrodes.
The charge on any object near the device attracts oppositely
charged air ions produced by the device to achieve neutraliza-
tion. The use of a high-voltage power supply eliminates the
limitation of inductive neutralizers in control of charges having
fields below the corona onset threshold.

8.1.3.2 An electrically powered static neutralizer can create
sparks and must be approved for the location in which it is
used. It must not constitute a source of ignition. For example,
when not energized or in case of failure, it can be designed to
function as an induction neutralizer.

8.1.3.3 Electrically powered static neutralizers using alternat-
ing current use a high-voltage power supply to energize the
corona electrodes at 50 Hz to 60 Hz. The use of an alternating
field stresses the electrodes to produce both positive and nega-
tive ions for use in the neutralizing process. Current from the
power supply is capacitive-coupled to each or to several of the
sharp electrodes to limit spark energy in the event of a short
circuit. An electric static neutralizer must be suitable for the
location in which it is used and must not constitute a source of
ignition.

8.1.3.4 Electric static neutralizers that use pulsed or steady-
state double-polarity direct current use a pulsed or steady field
to stress the electrodes to produce ions for use in the neutraliz-
ing process. In the event of a short circuit, the spark energy is
controlled by currentlimiting resistors. Pulsed or double-
polarity dc ionizers must be suitable for the location in which
they are used and must not constitute a source of ignition.

8.1.4 Active Radioactive Static Neutralizers. Radioactive
(nuclear) ionizers use ionizing radiation to produce ions for
neutralization of static electric charges. The most common
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