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N O T I C E  

All quest ions  or  o the r  c o m m u n i c a t i o n s  r e l a t ing  to this d o c u m e n t  should be sent only to NFPA H e a d -  
qua r t e r s ,  addressed  to the a t t en t ion  of  the C o m m i t t e e  responsible  for the d o c u m e n t .  

For  i n f o r m a t i o n  on the p rocedures  for  r eques t ing  T e c h n i c a l  Commi t t ee s  to issue Fo rma l  l n t e r p r e t a  
tions, p ropos ing  Ten ta t i ve  In te r im A m e n d m e n t s ,  p ropos ing  a m e n d m e n t s  for C o m m i t t e e  cons ide ra t ion ,  a n d  
appea l s  on  ma t t e r s  r e l a t ing  to the  con ten t  o f  the  d o c u m e n t ,  write to the Secre tary .  S t a n d a r d s  Counci l ,  Na-  
t ional  Fire P ro tec t ion  Associa t ion,  B a t t e r y m a r c h  Park,  Qu incy ,  MA 02269.  

A s t a t emen t ,  wr i t ten  or oral ,  t ha t  is not  processed in a c c o r d a n c e  with Section 16 of the Regula t ions  
G o v e r n i n g  C o m m i t t e e  Projects  shall not  be cons idered  the official  posi t ion of  NFPA or  any  of its C o m m i t -  
tees a n d  shall  not  be cons idered  to be, nor  be relied upon  as. a Fo rma l  In t e rp re t a t ion .  

Users of  this d o c u m e n t  should  consul t  app l i cab l e  Federal ,  Sta te  a n d  local laws a n d  regula t ions .  N F P A  
does not ,  by the p u b l i c a t i o n  of  this d o c u m e n t ,  in tend  to urge ac t ion  which is not in co rnp l i ance  with ap- 
p l icable  laws a n d  this d o c u m e n t  m a y  not be cons t rned  as d o i n g  so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

T h e  B o a r d  of  Direc tors  r ea f f i rms  tha t  the  Na t iona l  Fire P ro tec t ion  Associa t ion recognizes tha t  the  tox- 
icity of  the p r o d u c t s  of  c o m b u s t i o n  is an  i m p o r t a n t  f ac to r  in the  loss of  life f rom fire. N F P A  has deal t  with 
tha t  subject  in its t echnica l  c o m m i t t e e  d o c u m e n t s  for  m a n y  years.  

T h e r e  is a concer t i  tha t  the  g r o w i n g  use of  synthet ic  ma te r i a l s  m a y  p r o d u c e  more  or add i t iona l  toxic 
p r o d u c t s  of  c o m b u s t i o n  in a fire env i ronmen t .  T h e  B o a r d  has.  therefore ,  asked all NFPA technica l  commi t -  
tees to review the d o c u m e n t s  for  which  they a re  responsible  to be sure tha t  the d o c u m e n t s  r e spond  to this 
c u r r e n t  conce rn .  T o  assist the commi t t ees  in m e e t i n g  this request ,  the B o a r d  has a p p o i n t e d  an  advisory 
c o m m i t t e e  to provide  specific g u i d a n c e  to the technica l  commi t t ees  on quest ions  r e l a t ing  to assessing the 
haza rds  of  the p r o d u c t s  of  c o m b u s t i o n .  

Licens ing  Provision 

This  d o c u m e n t  is c o p y r i g h t e d  by  the Na t iona l  Fire P ro tec t ion  Associa t ion (NFPA) .  T h e  t e rms  a n d  con- 
di t ions  set for th  helow do not  ex t end  to the index  to this d o c u m e n t .  If publ ic  au thor i t i es  a n d  others  
reference  this d o c u m e n t  in laws, o rd inances ,  r egu la t ions  a n d  admin i s t r a t i ve  o rders  or  s imi la r  ins t ruments ,  it 
should  be with the u o d e r s t a n d i n g  tha t  this d o c u m e n t  is in fo rmat ive  in n a t u r e  a n d  does not con t a in  m a n .  
da to rv  r equ i r emen t s .  Any delet ions,  addi t iuns ,  a n d  changes  desired hy the a d o p t i n g  au tho r i t y  must  be 
no ted ' s epa ra t e ly .  Those  us ing  this m e t h o d  ( " a d o p t i o n  by reference")  are  ret luested to not i fy the NFPA (AI- 
tent ion:  Secretary ,  S t a n d a r d s  Counci l )  in wr i t ing  of such  use. 

T h e  t e rm " a d o p t i o n  by re fe rence"  m e a n s  the c i t ing  of the title anti  pub l i sh ing  i n fo rma t ion  onlv. 

(For  f u r t h e r  e x p l a n a t i o n ,  set' the Policy C o n c e r n i n g  the Adop t ion ,  P r i n t i n g  a n d  Pub l i ca t ion  of  N F P A  
D o c u m e n t s  which  is ava i lab le  upon  request  f rom the NFPA.}  

Statement on NFPA Procedures 

This  ma te r i a l  has been deve loped  u n d e r  the publ i shed  p rocedures  of  the Na t iona l  Fire Pro tec t ion  
Associa t ion,  wbicb  are  des igned to assure tile a p p o i n t m e n t  of technica l ly  c,m~petent Commi t t e e s  having  
b a l a n c e d  rep resen ta t ion .  Whi le  these p rocedures  assure the highest  degree  of  care ,  ne i the r  the Na t iona l  Fire 
Pro tec t ion  Associa t ion,  its member s ,  nor  those p a r t i c i p a t i n g  in its activities accep ts  any  liahili ty r e s u h i n g  
f rom c o m p l i a n c e  or u o n c o m p l i a n c e  with the provisions given herein ,  for any  restr ict ions imposed on 
ma te r i a l s  or  processes, or for  the comple teness  of  the text. 

NFPA has no power  or  au tho r i t y  to police or enforce  c o m p l i a n c e  with the con ten t s  of this d o c u m e n t  
an t |  any  cer t i f ica t ion  of p r o d u c t s  s ta t ing  c o m p l i a n c e  with r equ i r emen t s  of  this d o c u m e m  is m a d e  at the peril 
of  the certif ier .  
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77 1 
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NFPA 77 

Recommended  Practice on 

S t a t i c  E l e c t r i c i t y  

1988 Edit ion 

This edition of NFPA 77, Recommended Practice on Static Electricity, was prepared by 
the Technical  Commit tee  on Static Electricity, and acted on by the National Fire Pro- 
tcction Association, Inc. at its Annual  Mccl ing held May 16-18, 1988, in Los Angeles, 
Cali tbrnia.  It was issued by the Standards Council  on j u n e  8, 1988 with an effective 
date of June  28, 1988, and supersedes all previous editions. 

The 1988 edition of this docunlent  has becn approved by the American National 
Standards Institute. 

Changes other  than editorial arc indicated by a vertical rule in the margin of the 
pages on which they, appca,'. These lines arc included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Deve lopment  of NFPA 77 

NFPA c~mamittec activity in this field was initiated in 1936 and a progress report 
was presented to the Association in 1937. A revised text was tenta t ive ly  adopted in 1941 
and, with turthcr revisions, was finally adoptcd in 1946. 

Revised editions have subsequently been adopted bv the Association in 1950, 1961. 
1966, 1972, 1977, 1982, and 1988. 
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GENERAL 7 7 - 5  

NFPA 77 

Recommended Practice on 

Static Electricity 

1988 E d i t i o n  

N ( ) T I C E :  An asterisk (*) fi,llowing the nuniber  m letter 
des ignat ing  a paragraph  indicates explanatory nlaterial  on that 
paragraph  in Appendix  A. 

Information on referenced puhlicauons ean be fuund in Chapter  9. 

C h a p t e r  1 General 

1-1 Pu rpose .  

1-1.1 The purpose of this r ecommended  practice is to 
assist in reducing the fire hazard  of static electricity by 
present ing a discussion of the nature  and origin of static 
charges, the general methods of mitigation, and recommen- 
dat ions in certain specific operat ions for its dissipation.  

1-1.2 Static electricity is often the ignition source for an 
ignitable mixture,  an opera t ing  problem in industry,  or 
an annoyance  to some individuals.  

1-2 Scope.  

1-2.1 This publ icat ion covers methods for the control of 
static electricity for the pro'pose of eliminating or mitigating 
its fire hazard,  except as provided in 1-2.2 and 1-2.3 below. 

1-2.2 The prevention and control of static electricity in 
hospital opera t ing  rooms or in areas where t lammable  
anesthetics are adminis te red  are not covered by this 
publication but are covered in N F P A  99, Standard for Health 
Care Facilities. 

1-2.3 Lightn ing  is not covered by this publicat ion but  
is covered in N F P A  78, Lightning Protection Code. 

1-3 Def in i t i ons .  (See also Appendix B.) 

A p p r o v e d .  Acceptable  to the " au tho r i t y  having 
ju r i sd i c t ion . "  

N O T E :  The Nat ional  Fire Protection Association does not ap- 
prove, inspect or certify any installations, procedures, equipment ,  
or materials  nor does it approve or evaluate test ing hlboratories.  
In de te rmin ing  the accepiabll i ty of installations or prneedures.  
equipment  or materials, the authority having jurisdiction mav base 
acceptance on compliance with NFPA or other appropr ia te  slan- 
dards. [n the absence of such standards,  said authori ty  may re- 
quire  evidence of proper  installation, procedure or use. "]['he 
authority having jurisdiction may also refer to the listings or labeling 
practices of an organizat ion concerned with product evaluat ions 
which is m a posilion to de termine  compliance with appropr ia te  
s iandards  [br the current production of listed items. 

Authority Having Jurisdiction. The "author i ty  hav- 
ing ju r i sd ic t ion"  is the organizat ion,  office or individual  
responsible for " a p p r o v i n g "  equipment ,  an installation or 
a procedure.  

N()TE:  The l)hrase "author i ty  havingjur~sdiedon" is used in 
NFPA doeuments  in a broad manner  since jurisdict ions and "al)- 
p rova l"  agencies vary as (to their  responsibilities.  Where  pubhc 
safety is pr imary,  the " au tho r i t y  having  ju r i sd ic t ion"  may be a 
t~'deral, state, local ur uther region,q] department  or individua! sueh 
as a fire chief, fire marshal, chief of a fire prevention bureau, labor 
deparmlent ,  heahh deparmicnt ,  building official, electrical inspec- 
tl)r, or iithcrs having statutory authori ty For insurance purl)uses, 
an insurance inspection d e p a r t m e n t ,  rat ing bureau,  or other in- 
surance company representat ive may be the " au tho r i t y  having  
jur isdict ion.  '" In many  cu 'cumstances the property owner  or his 
designated agent assumes the role of the "author i ty  having jurisdic- 
t i on" :  al government  installations,  the co inmand ing  ott]cer or 
dcl)artmental  official may be the - au tho r i ty  hav ing ju r i sd ic t inn . "  

Bonding .  The  process of connecting two or more con- 
ductive objects together  by means of a conductor .  

Grounding (Ear th ing) .  The process of connecting one 
or more conductive objects to the ground,  and is a specific 
form of bonding.  The  words Bonded or Grounded ,  as they 
are used in the text, must  be unders tood to mean either 
that a bond or ground as defined has been deliberately ap- 
plied, or that an electrically conductive path having a 
resistance adequately low for thc intendcd purpose (usually 
106 ohms or less) is inherent ly present by the nature of the 
installation. 

Ignitable Mixture. A vapor-air ,  gas-air, dust-air mix- 
ture or combinat ions  of these mixtures  which can be ig- 
nited by a static spark. 

L a b e l e d .  Equipment  or mater ia ls  to which has been 
a t tached a label, symbol or other  identif?qng mark  of an 
organizat ion acceptable to the " a u tho r i t y  having jur isdic-  
t ion"  and concerned with product  evaluat ion,  that main-  
tains periodic inspection of product ion of labeled equip- 
ment or materials  and by whose labeling the manufac turer  
indicates compliance with appropr ia te  s tandards  or per- 
formance in a specified manner .  

L i s t ed .  Equipment  or mater ia ls  included in a list 
published by an organizat ion acceptable to the "au thor i -  
ty having jur isdic t ion"  and concerned with product evalua- 
tion, that main ta ins  periodic inspection of product ion of 
listed equipment or materials and whose listing states either 
that the equipment or material meets appropriate  standards 
or has been tested and found suitable for use in a specified 
manner .  

N O T E :  The  means tbr ident ifying listed equ ipment  may vary 
fnr each organizat ion concerned with product evaluat ion,  some 
of which cto not recognize equ ipment  as listed unless it is also la- 
beled. The "authori ty  having jurisdict ion" should utilize the system 
employed by the listing organizat ion to identify a listed product.  

Should .  Indicates  a recommenda t ion  or that which is 
advised but  not required.  

Sta t ic  E lec t r i c i ty .  An electrical charge that is signifi- 
cant only tor the effects of its electrical field component  
and that manifests no significant magnetic field component.  

S ta t ic  Spa rk .  An impulsive discharge of electricity 
across a gap between two points not in contact.  

1-4 Introduction. 
1-4.1 Static electrification and the various effects that 
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result from the positive and negative charges so tbrmed mav 
constitute a fire or explosive hazard. The generation of 
static electricity cannot be prevented absolutely, because 
its intrinsic origins are present at every interface. 

1-4.2 The development of electrical charges may not be 
in itself a potential fire or explosion hazard. There must 
be a discharge or sudden recombination of separated posi- 
tive and negative charges. In order for static to be a source 
of ignition, four conditions must be fulfilled: 

(a) There must first of all be an effective means of static 
generation, 

(b) There must be a means of accumulating the separate 
charges and main ta in ing  a suitable difference of electrical 
potential, 

(c) There must be a spark discharge of adequate energy, 
and 

(d) The spark must occur in an ignitable mixture. 

1-4.3 The accumulat ion of static charges may be pre- 
vented under  many  circumstances by grounding  or bond- 
ing, by humidification, or by ionization. These means and 
their functions are discussed in Chapter  3. 

1-4.4 C o m m o n  sources of static electricity include: 

(a) Pulverized materials passing through chutes or 
pneumat ic  conveyors, 

(b) Steam, air, or gas flowing from any opening in a 
pipe or hose, when the steam is wet or the air or gas stream 
contains particulate matter,  

(c) Nonconductive power or conveyor belts in motion, 

(d) Moving vehicles, and 

(e) Motions of all sorts that involve changes in relative 
position of contacting surfaces, usually, of dissimilar liquids 
or solids. 

1-4.5 The object of most static-corrective measures is to 
provide a means whereby charges separated by whatever 
cause may recombine harmlessly before sparking poten- 
tials are attained, or to avoid spark gaps where harmful 
discharges cou'ld occur. 

1-4.6 If hazardous static conditions cannot be avoided 
in certain operations, means must be taken to assure that 
there are no ignitable mixtures at points where sparks may 
O C C U F .  

1-5 General .  

1-5.1 To the average person the words "static elec- 
tricity" may mean either a noise in the radio receiver which 
interferes with good reception or the electric shock ex- 
perienced when touching a metal object after walking across 
a carpeted floor or sliding across the plastic seat cover in 
an automobile. Some people also have experienced mysteri- 
ous crackling noises and a {endency tbr some of their 
clothing to cling or stick tightly together when wool, silk, 
or synthetic fiber garments are worn. Nearly everyone 
recognizes that these phenomena  occur mainly when the 
atmosphere is very dry. To most people they are simply 
an annoyance.  

1-5.2 The word "electricity" is derived t'rom the ancient 

Greek word "c lck t ron"  - -  meaning  amber  - -  for it was 
with this substance that the phenomenon  of electrification 
was first observed. For centuries "electricity" had no other 
mean ing  than the property exhibited by some substances, 
after being rubbed with a material like silk or wool, of be- 
ing able to attract or repel lightweight objects. Stronger 
electrification accompanied by luminous effects and small 
sparks was first observed about 300 years ago by yon 
Guericke. In comparatively recent times, whcn the prop- 
erties of tlowing electricity were discovered, the word 
"s ta t ic"  came into use as a means of dist inguishing the 
old from the new. The implication that such electricity is 
always at rest is erroneous: it is when it ceases to rest that 
it causes the most concern. 

1-5.3 For the sake of simplicity, one may imagine elec- 
tricity to be a weightless and indestructible fluid that can 
move freely through some substances, such as metals, that 
are called "conduc tors , "  but can tlow with difficulty or 
not at all through or over the surthce of a class of substances 
called "nonconductors"  or " insulators ."  This latter group 
includes: gases, glass, rubber,  amber, resin, sulfur, paraf- 
fin, and most dry petroleum oils and many plastic 
materials. When electricity is present on the surface of a 
nonconductive body, where it is trapped or prevented flom 
escaping, it is called static electricity. Electricity on a con- 
duct ing body that is in contact only with nonconductors  
is also prevented from escaping and is theretbre nonmobile 
or "s ta t ic . "  In either case, the body on which this elec- 
tricity is evident is said to be "cha rged . "  

1-5.4 The charge may be either positive ( + )  or negative 
(-). At one time it was thought that the two charges were 
two kinds of electricity and that in a neutral  (uncharged) 
body they were present in exactly equal amounts.  Now it 
is known that there is actually only one kind of electricity, 
although it is described by many ac[jectives. It is manifested 
when some force has abnormally  separated a few of its 
positive and negative constituents. These entities are com- 
ponents of all atoms, the outer electrons (-) and the inner  
(nuclear) protons ( + ). Curiously, a surface that has an ex- 
cess or deticiency of one electron in every 100,000 atoms 
is very strongly charged. 

1-5.5 It is true, however, that in a neutral or uncharged 
body' the two entities are present in exactly equal amounts.  
Work is required to separate positive and negative charges. 
Electricity, theretbrc, is sometimes referred to as a form 
of energy produced by expenditure of energy in some other 
tbrm, such as mechanical, chemical, or thermal. Likewise, 
when electrical energy (a better term) is expended, its 
equivalent appears in one of these other tbrms. 

1-5.6 Electrons are free to move from one molecule to 
another in conductors but the proton, in the nucleus of the 
atom, cannot move appreciably unless the atom moves. 
Theretorc, in solids, only the electrons are mobile; in gases 
and liquids both are free to move. 

1-5.7 The stable structure of'the atom shows that unlike 
charges attract: and, convcrsely, like charges repel. It 
tollows that a separated charge will be self-repellent and 
will reside only on the surface of a charged body. If" the 
body were a perfect insulator or perfectly insulated, the 
charge would remain indefinitcly. However, there are no 
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perfect insulators and isolated charges soon leak away to 
,join their  counterpar ts  and thus br ing about  neutral iza-  
tion, the normal  state. (See also Section 3-3.) 

1-5.8 Static clectricity then is the set of phenomcna  
associated with the appearance  of an electric charge on the 
surface of an insulator  or insulated conductive body. It is 
" g e n e r a t e d "  usually by the expendi ture  of mechanical  
work, although we must r emember  that in this sense 
generated means " l i b e r a t e d "  or made alive - -  electricity 
cannot be created. Somewhere,  possibly " g r o u n d e d "  but 
as close as condit ions will allow, thcre will be an exactly 
equal opposite charge - -  its counterpar t .  This concept is 
extremely impor tant .  

1-6" Generation and Storage. 
1-6.1 Generation. 
1-6.1.1 In t roduc t ion .  Like charges repel each other and 
unlike charges attract.  The  charge on the surface of an in- 
sulator can thus attract  an equal and opposite charge on 
the nearest surface of any conduct ing body close to it. A 
companion  charge of opposite polari ty will bc repelled to 
the more remote side. This is the process called induction. 
The  charge on the near  side is said to be " b o u n d " ;  the 
repelled charge on the opposite sidc is " f r e e , "  and may 
be dissipated by momentar i ly  providing a path to earth.  
If  the conduct ing body is now moved away fi'om the origi- 
nally charged body,  the bound charge is now freed and 
will redis tr ibute itself over the whole surface of the con- 
duct ing body. In turn,  it can be released in the form of 
a spark. 

1-6.1.2 Contact/Separation (Frictional) Charging. 
When two substances of different composit ion are brought  
into contact,  one of the substances will surrender  some of 
thc electrons t'rom its a toms to the other along the contact 
surface. Although the total (net) charge upon the two sub- 
stances remains  unchanged (and may be zero), the redis- 
tr ibution of charge resulting from this transfer of electrons 
results in the formation of an "electr ical  double l aye r "  
along the contact surface. One  substance will have an in- 
crcascd abundancc of electrons (and be negatively charged) 
while the other will be somewhat depleted of electrons (and 
bc positively charged).  Since these equal and opposite 
charges are strongly at t racted to each other, they remain 
int imately related to the opposing surfaces and are not ex- 
ternally sensible so long as the surfaces remain  in contact.  
If the substances are nonconduct ive  and are pulled apar t ,  
however,  much of the charge dispar i ty  will remain with 
the individual  substances,  result ing in one being charged 
positively and one negatively. This  charging mechanism 
is enhanced by increased speed of separat ion,  by lowered 
conductivi ty of the substances,  and by increased dispar i ty  
in work function of the substances.  

1-6.1.3 Ion  B o m b a r d m e n t .  The  surface o f a s u b s t a n c e  
that is subjected to b o m b a r d m e n t  by an ion shower (such 
as originates at a corona point) will become charged by 
a t tachment  of the ions and/or  by surrender  of charge to 
the surface by the ions. Charg ing  by this mechanism is 
referred to as " b o m b a r d m e n t  cha rg ing . "  

1-6.1.4 Contac t .  When an uncharged object is brought 
into contact with another  object that is charged,  some 
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I charge will be transtkrrcd to the previously uncharged 
object. 

1-6.2 Whereas  a spark from the surface of an insulator  
can release a charge from only a small area,  all the charge 
on the conduct ing body can be released in a single spark. 
Thus,  in many  situations, induced charges are far more 
dangerous than the initially separated ones upon which they 
are dependent .  

1-6.3 In effect, a metal plate in close proximi ty  to a 
charged surface can be considered one plate of a capacitor,  
and its ability to store energy is described as its capacitance. 
When  a potential  difference is appl ied between the two 
plates of a capacitor ,  electricity can be stored. In some in- 
stances one of the plates is the earth, the insulating medium 
is the air, and the other plate is some body or object in- 
sulated from the earth to which the charge has been 
transferred by induction or otherwisc. \AThcna conduct ing 
path is made availablc,  the storcd energy is released (the 
capaci tor  is discharged),  possibly producing  a spark. The  
energy so stored and released by the spark is related to the 
capacitance (C) and the voltage (V) in accordance with the 
tollowing: 

Energy = 
2 

(See Appendix B for a discussion of terms ) 

1-6.4 If the object close t o  the highly charged noncon- 
ductor  is itself a nonconductor ,  it will be polarized;  that 
is, its constituent molecules will be oriented to some degree 
in the direction of the lines of force since their electrons 
have no true migra tory  freedom. Because of their polariz- 
able nature,  insulators and nonconductors  are often called 
dielectrics. Their  presence as separating media enhance the 
accumulat ion of charge. 

1-7 Ignition Energy. 
1-7.1 The  abil i ty of a spark to produce ignition is gov- 
erned largely by its energy,  which will be some fraction 
of the total stored energy. 

1-7.2 Tests have shown that saturated hydrocarbon gases 
and vapors require approximate ly  0.25 millijoule of dis- 
charge energy for spark ignition of op t imum mixtures with 
air. Unsa tura ted  hydrocarbons  may have lower min imum 
ignition cncrgies.  (&'c Table 1-7.2. ) It has been shown fur- 
ther that sparks arising from potential  differences of less 
than 1500 volts are unlikely to be hazardous  in sa turated 
hydrocarbon gases because of the short gap and heat loss 
to the terlninals.  

Table I-7.2 
Approximate M i n i m u m  Ignit ion Energy 

millijoule 

methane 0.29 
propane 0.25 
cyclopropane 0.18 
ethylene 0.08 
acetylene 0.017 
hydrogen 0.017 
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1-7.3 Tests have shown that dusts and fibers usually re- 
quire discharge energy of one or two magni tudes  greater  
than that  of common gases and vapors for spark ignit ion 
of op t imum mixtures  with air. (The ignit ion energy re- 
qu i rement  diminishes  rapidly with decreased particle size 
of dusts.)  

1-7.4 Hybrid Mixtures. When  two or more f lammable 
mater ia ls  in different phases,  for example ,  a dust  plus a 
vapor ,  are present  in a mixture ,  the mixture  is known as 
" h y b r i d . "  Tests have shown that admixture of a flammable 
gas to a dust suspension can greatly lower the ignit ion 
energy of the dust,  even if the gas is present  at below its 
lower f lammable  limit. The  mixture  may  be f lammable  
even if both components  are below their  respective lower 
f lammable  limits. The  hybr id  mixture  may  be formed by 
vapor  desorption (such as in resin product  receivers), reac- 
tion with a tmospher ic  moisture  (such as a luminum pro- 
poxide handl ing) ,  or by handl ing  a dust  in a f lammable  
vapor  a tmosphere  (such as adding  a dust  or powder  to a 
f lammable  liquid).  In such instances, the hybr id  mixture  
could be ignited at an energy level approach ing  that of the 
most easily ignited component .  

1-7.5 Igni t ion energy is reduced by an increase in ox- 
ygen concentra t ion relative to that of air.  

1-8 Summary.  
1-8.1 In summar iz ing ,  static electricity will be manifest  
only where highly insulated bodies or surfaces are found. 
If  a body is " c h a r g e d "  with static electricity, there will 
always be an equal  and opposi te  charge produced.  I f  a 
hazard  is suspected, the si tuation should be analyzed to 
determine the location of both charges and to see what con- 
ductive paths are available between them. 

1-8.2 Tests of the high-resistance paths should be made  
with an appl ied potential  of 500 volts or more,  in order  
that a minor  in ter rupt ion (paint  or grease-film or a i rgap)  
will be broken down and a correct reading  of the instru- 
ment  obtained.  

1-8.3 Resistances as high as 10,000 megohms  will pro- 
vide an adequate leakage path in many cases; when charges 
are generated rapidly,  however,  a resistance as low as 1 
megohm (106 ohms) might  be required.  

1-8.4 Where  bonds are applied, '  they should connect the 
bodies on which the two opposite charges are expected to 
be found. 

Chapter 2 The Hazards of Static Electricity 

2-1 Static Electricity as an Ignit ion Source. 
2-1.1 Flammable and Combust ible  Liquids.  Static is 
generated when l iquids move in contact  with other  ma- 
terials. This  occurs commonly  in operat ions such as flow- 
ing them through pipes, and in mixing, pouring, pumping,  
filtering, or agitat ing.  U n d e r  certain condit ions,  part icu-  
larly with l iquid hydrocarbons ,  static may  accumulate  in 
the liquid. If  the accumulat ion  is sufficient, a static spark 

may occur. If  the spark occurs in the presence of a flam- 
mable  vapor-a i r  mixture ,  an ignition may  result. There-  
fore, steps should be taken to prevent the simultaneous oc- 
currence of the two condit ions.  

2-1.2 Gases.  W h e n  flowing gas is contamina ted  with 
metall ic  oxides or scale particles,  etc., or with l iquid par- 
ticles or spray, electrification may  result. A stream of such 
par t ic le-containing gas directed against  a conduct ive ob- 
ject  will charge the lat ter  unless the object is grounded or 
bonded  to the discharge pipe. If  the accumulat ion  is suffi- 
cient, a static spark may occur. I f  the spark occurs in the 
presence of a flammable vapor-air  mixture, an ignition may 
result. Where a static spark and a flammable vapor-air  mix- 
ture may  occur s imultaneously,  suitable preventive mea- 
sures are required to avoid ignition. 

2-1.3 Dusts and Fibers. Genera t ion  of static charge is 
commonly  observed dur ing  handl ing and processing of 
dusts and fibers in industry.  There  are recorded instances 
where ignit ion of a combust ib le  dust cloud or layer is at- 
t r ibuted to the static electrical discharge.  In all instances 
in which static electricity has been authentically established 
as the cause of ignition, the spark occurred between an in- 
sulated conductor  and ground.  It has not been verified ex- 
per imenta l ly  that a dust cloud can be ignited by static dis- 
charge within itself. 

2-2 Personnel  Hazards of Static Electricity. 
2-2.1 T h e  H u m a n  Body.  The  human  body is an elec- 
trical conductor  and in dry a tmospheres  frequently ac- 
cumulates  a static charge result ing in voltages as high as 
several thousand volts. This  charge is generated by con- 
tact of the shoes with tloor coverings,  or by par t ic ipat ion 
in various manufac tur ing  operat ions.  

2-2.2 C lo th ing .  

2-2 .2 .1  Unde r  man,,, condit ions,  the shoes and clothing 
of workers can be conductive enough to dra in  away static 
charges as t,ast as they are generated.  

2-2 .2 .2  Although silk and some synthetic fibers are ex- 
cellent insulators, and undergarments  made from them ex- 
hibit  static phenomena ,  there is no conclusive evidence to 
indicate that wear ing such undergarments  constitutes a 
hazard.  

2-2.2.3 Outergarments ,  on the other hand, can build up 
considerable static charges when moved away  from the 
body,  or removed entirely.  Unde r  many  condit ions this 
effect constitutes little hazard. However,  tbr some materials 
and/or  low humid i ty  condit ions an electrostatic ignition 
source may exist. 

2 - 2 . 2 . 4  The remowd of  ou te r  garments  is par t icular ly  
dangerous  in work areas such as hospital operat ing rooms, 
explosive manufactur ing facilities, and similar occupancies 
where there may be f lammable or explosive a tmospheres  
that are ignitable with low electrical energy. Outergarments  
used in these areas should be suitable for the work area. 
N F P A  99, Health Care Facilities, provides in tbrmat ion on 
test methods for evaluat ing the antistat ic performance of 
wear ing apparel .  
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2-2.2.5 In liquid oxygen filling plants, vapor from cooled 
gas may  permeate  the employee ' s  clothing, render ing  it 
t lammablc. A static charge accumulating on the person can 
cause ignition. This  can be prevented by the use of con- 
ductive tbotwear and conductive tloors. 

2-2.3 Hazardous Occupancies. Where  ignitable mix- 
tures exist there is a possible ignition potential  f iom the 
charged human body, and means to prevent accuInulation 
of static charge on the human body may be necessary. Steps 
to prevent  such accumulat ions  may  include: 

(a) Avoiding  the wear ing of rubbers ,  rubber  boots, 
rubber-soled shoes, and nonconduct ive  synthetic-soled 
shoes. 

(b) P rov id ing  conduc t ive  floors and  conduc t ive  
tootwear.  

2-2.4 Discomfort and I n j u r y .  Static shock can result 
in discomfort  and,  under  some circumstances,  injury to 
workers duc to involuntary reaction. The  discharge in itself 
is not dangerous  to humans,  but it may cause an involun- 
tary reaction that results in a fall or en tanglement  with 
moving machinery.  If  charge accumulat ion  cannot  be 
avoided,  and there are no f lammable  gases or vapor  pres- 
ent, considerat ion should be given to the various methods 
by which contact with metal parts can be el iminated.  Such 
methods would include, among others, the use of non- 
lnetallic hand rails, insulated doorknobs,  and other non- 
conduct ing shields. 

2-3 Process Hazards of Static Electricity. 
2-3.1 Mixing and Blending Operations. 
2-3.1.1 Mixing, grinding, screening, or blending opera- 
tions with solid nonconduct ive  materials ,  as well as the 
pneumat ic  conveying of finely divided nonconduct ive  
materials ,  can generate static electricity. The  degree of 
static hazard is influenced by the abil i ty of the inaterials  
to generatc and hold a charge and on the capaci tance of 
insulated conductive parts of the machines and ducts to 
accumulate  sufficient charge to cause an incendive 
discharge.  (See Section 7-4.) 

2-3 .1 .2  F lammable  liquids are mixed in churns or 
autoclaves with various pigments,  resins, or s imilar  
materials in the manufacture of paints, varnishes, lacquers, 
pr int ing inks, and similar  products .  This  process can be 
a severe fire and explosion hazard depend ing  upon the 
t lashpoint of the solvents, the amount  involved, method 
of handl ing,  the amount  of venti lat ion,  and other factors. 
Static electricity is a potential  ignition source and can be 
guarded against.  (See Chapter 4.) 

2-3.2 Co t ton  Gins .  When  the static charge on the cot- 
ton is of sufficient magni tude ,  the cotton will ball up in 
the gin stands and equipment .  This  results in a produc-  
tion problem and frictional heat in the equipment .  Ex- 
perience has shown that the amount  of energy released by 
sparks due to static accumulat ions  has not been of suffi- 
cient magni tude  to ignite loose lint, dust, or cotton. (See 
Section 5-4. ) 

2-3.3 Coating, Spreading, and Impregnating. In each 
of these operat ions the mater ial  to be processcd usually is 
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unwound t iom a roll at the feed end of the machine,  where 
it pas~es over a series of rollers under  a spreader  or doctor  
knife where the coat ing mater ia l  is applied,  or through an 
impregna t ing  tank between squeeze rolls and then under  
a doctor  knife, then over a steam table or through a dry-  
ing oven, and is finally wound up on a reel or laminated  
on skids. Static charges are often produced in each of these 
operat ions.  If f lammable  l iquids are employed,  the static 
electricity may be a source of ignition. (See Section 7-2.) 

2-3.4 Belts. Some types of belts flequently exhibit static 
generat ion,  which may or may  not warrant  corrective 
measures ,  depending  on circumstances.  (See Section 7-1.) 

2-3.5 Dryc lean ing .  Commercial  drycleaning operations 
are in closed machines except for spotting operations.  The  
operat ions employed - -  i inmers ing fabrics, some of them 
highly insulating, in various solvents which are themselves 
good insulators and good generators  of static electricity, 
s t i rr ing and agi ta t ing them, and removing them fiom the 
solvent bath - -  are all likely to produce static charges on 
the insulat ing surfaces of the mater ia ls  involved. If  flam- 
mable liquids are cinplnyed,  the static electricity may be 
a source of ignition. (See NFPA 32, Drycleaning Plants. ) 

2-3.6 Printing and Lithographing. 
2-3.6.1 In the printing and li thographing industries static 
electricity is a frequent,  annoying,  and often expensive 
source of trouble from the product ion s tandpoint .  Where  
t lammable  inks and solvents are used in the process, static 
may create a fire or explosion hazard.  (See Section 7-3.) 

2-3 .6 .2  In practice, sheets charged with static electricity 
have an at t ract ion for other objects, and this often causes 
difficulty in control l ing the sheets or webs and sometimes 
results in tearing of the webs. It may also cause an increase 
in olivet due to more int imate contact  of the surfaces of 
the sheet in the del ivery pile or from the at t ract ion of the 
ink to the underside of the overlying sheets. The pr inted 
image may  also be damaged  by the at t ract ion of dust par- 
ticles and loose paper  fibers to the paper .  

2-3.7 S p r a y  F i n i s h i n g .  The  appl icat ion of paint,  var- 
nishes, enamels,  lacquers,  and other finishes by spray 
finishing equipment  may  cause a static charge to ac- 
cumulate  on the object being sprayed and the spray gun. 
If tlaInlnable liquids are employed,  the static electricity may 
be a source of ignition. (See NFPA 33, Spray Application Us- 
ing Flammable and Combustible Materials.) 

2-3.8 Steam Jets. Wet steam escaping into the at- 
mosphere can generate static electricity that can accumulate 
on any insulated object in the area. If f lammable  vapor- 
air mixtures are likely to be present,  the discharge of static 
electricity may become a source of ignition. (See Section 7-6.) 

2-3.9 E x p l o s i v e  M a n u f a c t u r i n g .  P r imary  explosives, 
mercury  fulminate and tetrvl for example ,  if in the form 
of a dust, are readily detonated by static spark discharge.  
Steps necessary to prevent  accidents from static electricity 
in explosive manufac tur ing  operat ions and storage areas 
vary considerably with the static sensitivity of the material  
being handled.  
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Chapter 3 Control of Ignition Hazards 

3-1 Sta t ic  C o n t r o l .  Ignit ion hazards  from static elec- 
tricity can be e l iminated by removing the ignitable mix- 
ture t'rom the area  where static may bc discharged as 
sparks,  control l ing the amount  or speed of charge genera-  
tion, or re laxing a charge after it has been gencratcd.  

3-2 Con t ro l  of  Sta t ic  G e n e r a t i o n .  Since static is 
generated whenever two dissimilar materials are in relative 
motion to each other,  a slowing down of this motion will 
reduce the rate of the generat ion of static electricity. For  
example ,  a low conduct ivi ty mater ial  flowing through 
pipes, ducts,  filters, and the like will generate static elec- 
tricity. If  the material  flows at a low enough rate, a hazard- 
ous level of static will not be generated.  Frequent ly  this 
mcans of static control is not commercia l ly  acceptable 
because of slower product ion.  

3-3 Charge Relaxation (Dissipation). 
3-3.1 Bonding and Grounding. 
3-3 .1 .1  A conductive object may be grounded di, 'ectlv 
or by bonding it to anothcr conductive object that is aheady 
connected to the ground.  Some objects are inherent ly 
bonded or inherent ly  grounded by, their contact with the 
ground. Examples are underground piping ~t large storage 
tanks resting on the ground.  

3-3.1.2 Bonding is done to minimize potential differences 
between conduct ive objects. Likewisc, g rounding  is done 
to minimize  potential  differences between objects and the 
ground.  

3 -3 .1 .3  The  m i n i m u m  size of wire is dictated by 
mechanical  strength rather  than by curreiwcarrying 
capacity. Flexible conductors should be used fox bonds that 
are to be connected and disconnected frequently.  To pre- 
vent the accumulat ion  of static electricity the resistance 
need not be less than 1 megohm and in most cases may 
be even higher.  To protect electrical power circuits the 
resistance must be low enough to ensure operat ion of the 
fuse or circuit breaker  under  fault conditions.  Any  ground 
that is adequate  for power circuits or l ightning protection 
is more than adequate  for protect ion against  static 
electricity. 

3 -3 .1 .4  Conductors  may be insulated or uninsulatcd.  
Some prefer uninsulated conductors  so that defects can bc 
easily spotted by visual inspections. If insulated,  the con- 
ductor  should be checked for continuity, at regular  inter- 
vals, depending  on experience.  

3 -3 .1 .5  Connect ions  ma  t , be made with pressurc- typc 
ground clamps, brazing,  welding, bat tery- type clamps, or 
magnet ic  or other special c lamps that provide metal- to-  
metal  contact.  (See Fzgurcs 1, 2, and 4.) 

3-3 .1 .6  The resistance between a grounded object and 
the soil is made up of the resistance of the ground wire itself 
and the resistance of the ground electrode (ground rod) to 
the soil. Most  of the resistance in any ground connection 
is in the contact of the ground electrode with the soil. The  
ground resistance is quite var iable  as it depends  upon the 
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Figure 1 Typical Pressure-type Ground Clamp. 

area  of contact,  the resistivity of the soil, ancl the amount  
of moisture.  

3-3.2 H u m i d i f i c a t i o n .  

3 -3 .2 .1  It is a mat ter  of common experience that 
manifestat ions of static electricity - -  e.g. ,  thc sparks that 
an individual  may experience fi'om walking across a rug 
- -  are more intense in periods of dry weather  than they 
are when a moist a tmosphere  prcwdls.  From such ex- 
perience has arisen the erroneous popular  belicf that static 
generat ion is controlled by, weather.  Actually,  the 
generat ing mechanism is not int luenced bv weathcr,  but 
weather  does have a marked effect on whetl~er a generated 
charge leaks away so fast that no observable accumulat ion 
resuhs, or whether it can build up to produce the commonly 
recognized sensory manifestat ions.  

3 -3 .2 .2  In Chap te r  1, mater ia ls  were loosely described 
as " conduc to r s , "  as dist inguishcd from "nonconduc to r s"  
or " i n su l a to r s , "  and it was stated that,  since there is no 
perfect insulator, isolated charges of static electricity even- 
tually dissipate.  Anyth ing  that could bc ,'clied upon to im- 
part conductivity to an insulating body would thus become 
a means of diss ipat ing static charges. 

3 -3 .2 .3  Most  of the commonly  encountered  insulating 
materials ,  such as fabric, wood, paper ,  films, concrete,  or 
masonry ,  contain a certain amount  of moisture  in equi- 
l ibr ium with the air  in the sur rounding  atmosphere .  This 
moisture  content varies depending  on weather,  and to a 
large measure  it controls the conduct ivi ty  of the material ,  
and hence its abil i ty to prevent  the escape of static elec- 
tricity. The  conduct ivi ty of these mater ia ls  is controlled, 
not by the absolute water  content of the air, but  by its 
relative humidi ty .  This  figure, as ordinar i ly  recorded in 
weather  reports and comfort  charts,  is the ratio of the par- 
tial pressure of the moisture in the a tmosphere  to the par- 
tial pressure of water  at the prevai l ing a tmosphere  tem- 
perature .  U n d e r  condit ions of high relative humidi ty  - -  
50 percent or higher  - -  the materials  in question will reach 
equi l ibr ium condit ions conta in ing enough moisture to 
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make  the conduct iv i ty  adequa te  to prevent  static 
accumulat ions .  

not provide a means  for d ra in ing  off static charges,  and 
some other  solution must  be sought. 

3 - 3 . 2 . 3 . 1  At the opposi te  ext reme,  with relat ive 
humidi t ies  of 30 percent  or less, these same mater ia ls  may  
dry out and become good insulators,  and static manifesta-  
tions become noticeable. There  is no definite boundary  line 
between these two condit ions.  

3 -3 .2 .4  It should be emphasized that the conduct ivi ty  
of these materials  is a function of relative humidi ty .  At any 
constant  moisture  content ,  the relative humid i ty  of an at- 
mosphere  decreases as the t empera tu re  is raised and vice 
versa. In cold weather ,  the absolute humid i ty  of the out- 
door a tmosphere  may  be low, even though the relative 
humid i ty  may be high. When  this same air is brought  in- 
doors and heated, the relative humidi ty  becomes very low. 
As an example ,  a sa turated a tmosphere  at an outdoor  
t empera tu re  of 30°F ( - l°C)  would have a relative humidi -  
ty of only a little over 20 percent  if heated up to a room 
tempera tu re  of 70°F (21°C). This  phenomenon  is respon- 
sible for the previously mentioned common belief that static 
generat ion is always more intense dur ing  winter  weather.  
The static problem is usually more severe during this period 
because static charges on a mater ia l  have less oppor tun i ty  
to dissipate when relative humidi t ies  are low. 

3-3 .2 .5  Humid i fy ing  the a tmosphere  has proved to be 
a solution to static problems in some special circumstances,  
as where static has resulted in the adhesion or repulsion 
of sheets of paper ,  layers of floss, fibers, and the like. It 
is usually stated that a relative humid i ty  of about  50 per- 
cent or higher  will avoid such difficulties. 

3 -3 .2 .5 .1  Unfor tunate ly ,  it is not practical  to humidify  
all occupancies in which static might  be a hazard.  It is 
necessary to conduct  some operat ions in an a tmosphere  
having a low relative humid i ty  to avoid deleterious effects 
on the mater ia ls  handled.  High humidi ty  can also cause 
intolerable comfort conditions in operat ions where the dry 
bulb t empera tu re  is high. On  the other hand,  a high 
humid i ty  may  advantageous ly  affect the handl ing  proper-  
ties of some materials ,  thus provid ing  an addi t ional  
advantage.  

3 -3 .2 .5 .2  In some cases localized humidif icat ion pro- 
duced by direct ing a steam jet  onto critical areas may  pro- 
vide satisfactory results without the need for increasing the 
humid i ty  in the whole room (see 7-2.6 and Section 7-6). 

3-3 .2 .6  It does not follow that humidif icat ion is a cure 
for all static problems.  Some insulators are not suscepti- 
ble to moisture  absorpt ion from the air, and high humid-  
ity will not noticeably decrease the resistivity. Notable  ex- 
amples  are the uncon tamina ted  surfaces of some plastics 
and the surface of pe t ro leum liquids. Such surfaces are 
capable of accumulat ing  static charges even though the at- 
mosphere may have relative humidi ty  of up to 100 percent.  

3 -3 .2 .7  In summary ,  humidif icat ion may  be a cure for 
static problems where the surfaces on which the static elec- 
tricity accumulates  are those mater ia ls  that can absorb  
mois ture  and that are not abnormal ly  heated.  For  heated 
surfaces, and for static on the surface of oils and some other 
l iquid and solid insulat ing materials ,  high humidi ty  will 

3-3.3 I n c r e a s i n g  C o n d u c t i v i t y .  

3-3.3.1 Electrostatic charges may accumulate on the sur- 
faces of low conduct ivi ty  materials .  By increasing the con- 
ductivi ty,  i .e.,  lowering the resistivity, these charges can 
be relaxed before they can accumulate to a hazardous level. 

3-3.3 .2  In solid material,  it may be possible to add a con- 
ductive material  to increase the conductivity. For instance, 
carbon black has been added to some plastics to increase 
their conductivi ty.  

3-3 .3 .3  In liquid fuels, conductivity additives have been 
used for control l ing charge accumulat ion.  These are polar  
materials, blended into fuels, usually at low concentrations. 
Conduct iv i ty  levels greater  than 50 picoseimens/meter  
(pS/m)* at use t empera tu re  are general ly considered 
nonhazardous .  

3 -3 .3 .3 .1  The  effect of conduct ivi ty addit ives decreases 
with decreasing tempera ture .  It is impor tan t  that enough 
addi t ive be used to assure satisfactory conduct ivi ty  at the 
lowest product  use temperature .  

3 -3 .3 .3 .2  It is impor tant  to note that conduct ivi ty  ad- 
ditives do not prevent  the generat ion of static electricity. 
They  allow rapid charge relaxat ion,  i .e.,  the recombining 
with charges of opposite polari ty.  The  use of conduct ivi ty  
additives must be in conjunction with bonding and ground- 
ing to provide a complete electrical path for charge 
relaxation.  

3-3 .4  Ionization. 
3-3.4 .1  Genera l .  Under  certain circumstances air  may  
become sufficiently conduct ing to dissipate static charges. 
In the Use of all static neutral izers ,  one must  consider cer- 
tain engineer ing problems such as envi ronmenta l  condi- 
tions (dust, t empera ture ,  etc.),  and posi t ioning of the 
device in relation to the stock, machine parts,  and person- 
nel. It is impor tant  to note that these control devices do 
not prevent the generation of static charges (see 1-4.1); they 
utilize ionizat ion of air  (or other  gas) to reduce the charge 
to a controlled level. 

3-3.4.2 Inductive Neutralizer (Static Comb). 
3-3 .4 .2 .1  A static charge on a conductive body is free 
to flow, and on a spherical body in space it will d is t r ibute  
itself uniformly over the surface. If  the body is not 
spherical,  the self-repulsion of the charge will make it con- 
centrate on the surfaces having the least radius of 
c u r v a t u r e .  

3-3 .4 .2 .2  If the body is surrounded by air (or other gas) 
and the radius of cm'vature is reduced to almost zero, as 
with a sharp needle point, the charge concentrat ion on the 
point can produce ionizat ion of the air, render ing it con- 
ductive.  Whereas  a surface of large d iameter  can receive 
and hold a high voltage, the equivalent  surface equipped 
with a sharp needle point can hold only a small charge 
before the leakage rate equals the rate of" generat ion.  The  

* l p S / m  = 1 x 10  -12 --  - l m  i 
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induced charge in a grounded needle when placed in the 
vicinity of a charged body may  thus cause corona ioniza- 
tion of the air  and allow the charged body to dissipate its 
charge to ground.  The  threshold for this effect and its efti- 
ciency depend on many  factors such as relative geometry,  
charge density on the body, and speed of movement relative 
to the needle. The  basic principle has led to various designs 
of inductive neutral izers .  

3 -3 .4 .2 .3  A "s ta t ic  c o m b "  is a metal bar  equipped with 
a series of needle points. Ano the r  variat ion is a metal wire 
sur rounded  with metallic tinsel. 

3 -3 .4 .2 .4  The  charge density on a nonconduc tor  is an 
absolute quant i ty  but it may vary with position. The  elec- 
tric field associated with this charge may  be used to obtain 
qual i tat ive " v o l t a g e "  measurements  propor t ional  to the 
charge when made in any fixed geometry.  The  measure-  
ment  is of great util i ty in the design and placement  of in- 
ductive and other  neutral izers .  On  a moving belt, the ap- 
parent  voltage is an averaged value. By measur ing  ap- 
parent  voltage al ter  the neutral izer ,  op t imum placement  
may be found. 

3-3 .4 .2 .5  When  inductive neutralizers are used for mov- 
ing belts (see Section 7-1 for power belts, Section 7-2for fabrics, 
andSection 7-3 for paper), as shown in Figure 6, the threshold 
for operat ion has been found to correspond to an apparent  
5 kV on the belt. The  measurement  is made  ahead of the 
neutral izer ,  away from grounded  objects such as rollers, 
using a field-mill or other device placed about  1 in. (25 
ram) from the charged surface. If problems are experienced 
under  such condit ions,  the inductive bar  may  be used in 
conjunct ion with other devices (see .3-3.4.3 and 3-3.4.4 in 
particular). 

3-3.4.3 Electrical Neutralizer.  
3-3 .4 .3 .1  The  electrical neutra l izer  is a l ine-powered 
high voltage device that is an effective means  for remov- 
ing static charges from mater ia ls  like cotton, wool, silk, 
or paper  in process, manufactur ing,  or print ing.  It pro- 
duces a conduct ing ionized a tmosphere  in the vicinity of 
the charged surfaces. The  charges thereby leak away to 
some adjacent  grounded conduct ing body.  

3 -3 .4 .3 .2  Electrical neutral izers  should not be used 
where f lammable  vapors,  gases, or dust may  be present 
unless approved specifically for such locations. 

3-3.4 .4  Radioactive Neutralizer.  
3-3 .4 .4 .1  Another  method tbr dissipating static electrici- 
ty involves the ionization of air  by radioact ive material .  
Such installat ions require no redesign of existing equip- 
ment.  The  fabrication and dis t r ibut ion of radioact ive 
neutral izers  are licensed by the US Nuclear  Regula tory  
Commiss ion  (or Agreement  State Licensing Agency) ,  
which is responsible for the health and safety of the general 
populat ion.  

3 -3 .4 .4 .2  Radioact ive  substances are not of themselves 
a potential  ignition source; hence, the location of such 
sources for purposes of static dissipat ion need not be 
restricted on the basis of possible f lammabi l i ty  of the sur- 
rounding atmosphere .  However ,  if the radiat ion source is 

E L E C T R I C I T Y  

some sort of l ine-powered device, the location of the equip- 
lnent must be restricted in the same manner  as for any 
other electrical device, in accordance with N F P A  70, Na- 
tional Electrical Code ® . 

3-3 .4 .4 .3  The  use of apparen t  voltages indicates that 
where this exceeds about 20 kV (see 3-3.4.2.4), the efficien- 
cy is reduced significantly, depending on belt speed. In this 
case, the use of an inductive neutral izer  ahead of the 
radioact ive neutral izer  has proved effective. 

3 -3 .4 .5  O p e n  F l ame .  Ionizat ion of the air  can also be 
obta ined by an open flame. (See 7-3.4.6.) 

3-3 .4 .6  Ionizat ion by any of the methods described in 
3-3.4 is par t icular ly  adaptable  to the processes discussed 
in Sections 7-1, 7-2, and 7-3. 

3-4 Control of Ignitable Mixtures by Inerting, Ventila- 
tion, or Relocation.  
3-4.1 Despite p lanned eftbrts to prevent  accumulat ion  
of static charges, which should be the pr imary  aim of good 
design,  there are many  operat ions involving the handl ing  
of nonconduct ive  materials  or nonconduct ive  equipment  
that do not lend themselves to this built-in solution. It may  
then be desirable,  or essential,  depending  on the hazard-  
ous nature  of the materials  involved, to provide other  
measures  to supplement  or supplant  static dissipation 
facilities, such as: 

3-4 .1 .1  Where  the normal ly  ignitable mixture  is con- 
tained within a small enclosure, such as a processing tank, 
an inert gas may be used effectively to make the mixture  
nonf lammable .  (See NFPA 69, Standard on Explosion Preven- 
tion Systems.) When  operat ions are normal ly  conducted in 
an a tmosphere  above the upper  t lammable  limit it may be 
pract icable to apply  the inert gas only dur ing  the periods 
when the mixture  passes through its t l ammable  range. 

3 -4 .1 .2  Mechanical  ventilation may be applied in many  
instances to dilute an ignitable mixture  well below its nor- 
mal flammable range. Also, by directing the air movement,  
it may be practical to prevent the t lammable  solvents or 
dusts from approach ing  an operat ion where an otherwise 
uncontrol lable static hazard would exist. To  be considered 
reliable, the mechanical  venti lat ion should be interlocked 
with the equipment  to assure its proper  operat ion.  

3-4 .1 .3  Where  a static accumulat ing piece of equipment  
is unnecessarily located in a hazardous area, it is preferable 
to relocate the equipment  to a safe location rather  than to 
rely upon prevent ion of static accumulat ion.  

Chapter 4 Flammable  and Combust ible  Liquids 

4-1 General. 
4-1.1 F lammable  liquids may  form f lammable vapor-a i r  
mixtures  when being handled or in storage. 

4-1 .1 .1  If  the liquid tempera ture  is below its flash point,  
the mixture  above its surface will be below the lower flare- 
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mable limit, or too lean to burn .  A liquid handled at or 
somewhat above its flash point is more likely to have a flam- 
mable vapor-air  mixture at any free surface. If the 
temperature of the liquid is far above its flash point, the 
equil ibrium vapor mixture at the free surface will be above 
the upper f lammable limit, or too rich to burn .  However,  
when loading such a liquid into a gas-free tank, the vapor 
space will pass through the flammable range dur ing  load- 
ing. If the vapor mixture is below or above the flammable 
limits, it will not ignite, even should an incendive spark 
occur. 

4-1.1.2 Liquids with a very low flash point, such as 
gasoline, have, in temperate or tropical climates, a vapor- 
air mixture at the liquid surface far above the upper  flam- 
mable limit. Consequently,  even if a spark occurs, no ig- 
nit ion results. However, if such liquids are handled at 
temperatures only slightly above their flash point, ignition 
becomes a possibility. In temperate climates, kerosene or 
other high flash point liquids are normally handled at 
temperatures well below their flash points. Consequently,  
the vapor-air  mixture at the liquid surface is below the 
lower flammable limit and, here again, no ignition results 
even though a spark occurs. In the tropics, or when heated, 
kerosene or other high flash point liquids may reach tem- 
peratures at or above their flash points, which will pro- 
duce a f lammable vapor-air  mixture. 

4-1.1 .3  Thus,  in general, when a liquid is handled at 
a temperature such that the vapor-air  mixture at the liq- 
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uid surface is approximately midway between the upper  
and lower flammable limits, conditions are opt imum for 
ignition. These conditions occur when the liquids are 
handled at temperatures that are slightly above their flash 
points; as the handling temperature increases or decreases, 
the probabili ty of ignition decreases. Graph 4-1.1.3 shows 
the relationship between temperature,  Reid Vapor  
Pressure, and flammable limits of petroleum products at 
sea level. 

4-1 .1 .4  The vapor pressure in the presence of a liquid 
phase depends only on temperature,  and the fraction of 
total pressure exerted by vapor pressure determines the 
composition of the vapor-air mixture. Thus,  at high eleva- 
tions (such as in high country or in aviation) where the 
total pressure is low, both the flash point and the 
temperature corresponding to the opt imum vapor-air mix- 
ture are decreased. By definition, "combus t ib le"  liquids 
may become " f l a mma b l e "  under  such conditions. 

4-1.2 Static is generated when liquids move in contact 
with other materials. This occurs commonly in operations 
such as flowing them through pipes, and in mixing, pour- 
ing, pumping,  filtering, or agitating. U nde r  certain con- 
ditions, particularly with liquid hydrocarbons,  static may 
accumulate in the liquid. If the accumulat ion is sufficient, 
a static spark may occur. If the spark occurs in the presence 
of a flammable vapor-air  mixture,  an ignition may result. 
Therefore, steps should be taken to prevent the simul- 
taneous occurrence of the two conditions. 
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Graph 4-1.1.3 The Relationship Between Temperature,  Reid Vapor Pressure, 
and Flammable Limits of Petroleum Products at Sea Level. 

Example: With a product such as hexane [vapor pressure - 5.0 psia ( - 35 kPa)], the vapor space of 
a tank will be within the flammable limits for product temperatures of about 28 °F ( -33 °C) to + 26°F 
( - 3 °C), or when handling heptane [vapor pressure = 1.6 psia (11 kPa)] at a product temperature of 55 °F 
(13°C), the vapor is within tlammable limits and care to prevent static discharge should be taken. 
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4-1.2.1 Fil tering with some types of clay and microfilters 
substantially increases the abili ty of liquid flow to generate 
static charges. Tests  indicate that some filters of this type 
have the ability to generate charges 100 to 200 times higher 
than achieved without  such filters. 

4-1.3 To prevent  an ignit ion it is necessary to control 
one or more of the [bllowing: 

(a) F l ammab le  vapor.  

(b) Air  (or oxygen).  

(c) Source of ignition. 

4-1.4 Standard control measures are designed to prevent 
incendiary  sparks,  or the formation of ignitable vapor-a i r  
mixtures.  In many  cases, air ,  which might  form an ig- 
nitable mixture  with the vapor ,  can be e l iminated or re- 
duced in amount  to render  the mixture  nonf lammable .  

4-1.5 From the s tandpoint  of static electricity hazard ,  
flammable liquids may be classified according to the follow- 
ing characterist ics:  

(a) Sta t ic-genera t ing abili ty.  

(b) Conduct ivi ty .  

(c) Flash point.  

walls but also the top surtace adjacent  to the air  space, if 
any. It is this lat ter  charge, oficn called the "surface  
cha rge , "  that is of most concern in many  situations. 

4-2.2 In most cases the container  is metal ,  and hence 
conducting.  Two situations can occur, somewhat ditTerent 
with respect to protective measures,  depending on whether 
the container  is in contact with the earth or is insulated 
from it. These two situations arc: (1) an ord inary  storage 
tank resting on earth or concrete or other slightly conduct- 
ing toundat ion;  and (2) a tank truck on dry rubber  tires. 

4-2.3 In the first si tuation of 4-2.2 the metal container  
is connected to ground.  The  charges that reach the sur- 
taces in contact with the vessel will reunite with charges 
of opposi te  sign that have been at t racted there. Dur ing  all 
of this process the tank and its contents,  considered as a 
unit,  are electrically neutral ,  i .e.,  the total charge in the 
l iquid and on its surface is exactly equal and opposite to 
the charge on the tank shell. This  charge on the tank shell 
is " b o u n d "  there but gradual ly  d isappears  as it reunites 
with the charge migra t ing  through the liquid. The  time 
required for this to occur is called relaxation time. Relax-  
ation t ime depends  pr imar i ly  on the conduct ivi ty  of the 
l iquid. It may be from a fraction of a second to a few 
m i n u t e s .  

4-1.6 A number  of labora tory  tests have been developed 
to characterize a petroleum product by its static generat ing 
ability. However ,  the test methods  differ from each other 
and consequently the fuels may be rated in different orders. 
Then,  too, there have been cases where some fuels have 
varied widely in their static generat ing abili ty even though 
they had approximately the same conductivity. Few, if any, 
of these tests duplicate any practical situation and for these 
reasons static generat ing abil i ty tests, by themselves,  are 
not reliable for predic t ing the static hazard .  It is not prac- 
ticable to e l iminate  completely the product ion of static by 
purif icat ion of the product .  

4-1 .7  The  conduct ivi ty of a l iquid is a measure  of its 
abil i ty to hold a charge in a grounded container .  (See Sec- 
tion 7"-8. ) The lower the conduct ivi ty,  the greater  the abil- 
ity of the l iquid to hold a charge.  If the conduct ivi ty  of a 
l iquid under  use condit ions is greater  than 50 pS/m any 
charges that are generated will dissipate without accumu- 
lat ing to a hazardous  potential .  (See Appendix B for a discus- 
sion on relaxation. ) 

4-1 .7 .1  Experience indicates that most crude oils, 
residual oils (including numbers 5 and 6 fuel oils), asphalts, 
and water soluble liquids do not accumulate static charges. 

4-1.7.2 When a liquid is transtierred into nonconductive 
containers  (glass, plastic), the container  mater ia l  may  
hinder charge relaxation to ground. In these instances, even 
conductive liquids may accumulate charge. (See Section 7-8.) 

4-2 Free Charges on Surface of Liquid. 
4-2.1 If an electrically charged liquid is poured, pumped,  
or otherwise transferred into a tank or container ,  the unit 
charges of s imilar  sign within the l iquid will be repelled 
from each other  toward the outer  surfaces of the l iquid, 
including not only the surfaces in contact with the container 

4-2 .3 .1  Dur ing  all of this process, the tank shell is at 
ground potential .  External ly ,  the container  is electrically 
neutral .  But internally,  there are differences of potential  
between the container  wall and the tluid, last ing until 
charges on the fluid have gradual ly  leaked off and reunited 
with the unlike charges on the tank walls. 

4-2.3.2 If the potential  difference between any part of 
the l iquid surtacc and the metal  tank shell should become 
high enough to cause ionizat ion of the air, electrical 
breakdown may occur and a spark may j u m p  to the shell. 
Such a spark across the liquid surface could be the cause 
of ignition where f lammable  vapor-a i r  mixtures are pres- 
ent. However ,  a spark to the tank shell is less likely than 
a spark to a projection or to a conductive object lowercd 
into the tank. No bonding or grounding of the tank or con- 
ta iner  can remove this internal  surface charge. 

4-2.4 In the second si tuation ment ioned in 4-2.2, the 
tank shell is highly insulated from the ground.  The  charge 
in the l iquid surti~ce attracts an equal and opposite charge 
to the inside of the container .  This  leaves a " f r e e "  charge 
on the outside surface of the tank that is the same sign and 
of the same magni tude  as that in the l iquid. This  charge 
can escape from the tank to the ground in the form of a 
spark. In filling a tank truck through an open dome,  it is 
this source of sparking that is suspected to have caused 
some fires; in this case the spark jumps from the edge of 
the fill opening  to the fill pipe, which is at ground poten- 
tial. This  hazard  can be controlled by grounding  the con- 
ta iner  before filling starts or by bonding  the fill pipe to the 
tank. If  g rounding  the tank is used, the fill pipe must also 
be grounded.  (See Figure 2.) 

4-2.5 The torcgoing discusses the distr ibution of charges 
delivered into a container  with a flowing stream. Fur the r  
generat ion or separat ion may occur within the conta iner  
in several ways to produce a surface charge: 
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(a) Flow with splashing 02" spraying of the incoming 
stream, 

(b) Dis turbance  of water  bot tom by the incoming 
s t r e a m ,  

(c) Bubbl ing of air  or gas through a l iquid, or 

(d) .Jet m propeller  b lending within the tank. 

4-2.6 These charges on the surface of a l iquid cannot be 
prevented by bonding  or grounding,  but can be rendered 
harmless  by inert ing the vapor" space, by displacing part  
of the oxygen with a suitable inert gas, or by increasing 
the concentrat ion of t ]ammable gas in the vapor  space to 
above the upper flammable limit with a gas, such as natural 
gas .  

4-2.7 Use of conductivity additives will rapidly relax sur- 
face charge and prevent the bui ld-up of a hazardous  
potential .  

4-3 Storage Tanks. 
4-3.1 Storage tanks are of two general types: those hav- 
ing a vapor" space and those having substant ial ly  no vapor  
space. A cone-roof tank is an example of the former, and 
a t loat ing-roof tank is an example of the latter. 

4-3.2 When  tanks that have spaces that may contain 
f lammable mixtures  of vapor  and air are filled with static- 
accumula t ing  liquids, one or more of the following pro- 
tective measures [(a) through (h)] may be used, depending 
upon the characterist ics of the liquid handled:  

(a) Overshot  splash filling should be prohibi ted  except 
for f lammable liquids that do not accumulate  static, such 
as crude oils. 

(b) Inlet fill pipe should discharge near  the bot tom of 
the tank and should be designed to reduce turbulence to 
a min imum.  In general,  the inlet stream preferably should 
be directed horizontal ly  to reduce agitat ion of water  and 
scdiment on the tank bot tom. 

(c) Charge  generat ion general ly increases with flow 
velocity; hence, it tollows that the occurrencc of a static 
ignition is less likely with low t]ow velocities. Insofar  as 
practicable,  the l inear  velocity of the liquid in the pipe 
enter ing the tank should be kept below 1 meter  per second 
until the pipe inlet is well subme, 'gcd. 

(d) Wate r  should be kept out of the incoming stream, 
insofar as practicable,  since the charge density,  or charge 
per" unit volume, may be increased by the presence of an 
immiscible liquid, such as water, in the flowing stream and 
by its settling out in the tank. 

(e) The  pumping  of substantial  amounts  of ent ra ined 
air or other gas into a tank having a vapor  space should 
be avoided, since bubbl ing of a gas through the f lammable 
liquid in the tank may generate charges and release them 
at the frce liquid sur(ace. 

(t) If  a tank contains a f lammable  vapor-a i r  mixture 
from previous use, the tank may be made  safe from explo- 
sion by venti lat ion (50 percent or less of the lower flam- 
mable limit) before pumping  in a high flash point static- 
generat ing l iquid.  

(g) Care  should be exercised to e l iminate  the chance of 
any' ungrounded conductive floatable object finding its way 
into the tank since it could release all of its charge instan- 
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taneously as it approached  the shell or other grounded 
su r f ac e .  

(h) Gaging or sampling through a roo fmanway  or other 
roof opening with conductive objects should be avoided un- 
til after filling has been completed and the surface tur- 
bulence has subsided.  Depend ing  upon the characterist ics 
of the liquids, the size of the tank, and tile rate of fill, a 
wait ing period of 30 minutes  or more may  be required tot 
the surface charge to dissipate to a safe level. Gag ing  and 
sampl ing  can be carried out at any t ime within a metal  
sounding pipe that extends to the bottom of the tank, since 
the electrostatic field within the confines of the sounding 
pipe is too small to cause sparking.  

4-3.3 When  f lammable  l iquids are pumped  into a 
floating-roof tank, the protective measures noted above are 
appl icable  until the roof becomes buoyant ,  after which no 
special precaut ions  are necessary. 

4-3 .4  Spark ignitions inside tanks cannot  be controlled 
by external  g rounding  connections.  (See 3-3.1 and 4-2.3.) 

4-3.5 An external  spark ignition is unlikely unless the 
tank is del iberately  insulated from earth so that the 
resistance to earth substant ial ly exceeds 106 ohms.  

4-4 Piping Systems. 
4-4.1 In areas where f lammable vapor-a i r  mixtures may 
exist, electrically isolated sections of metallic piping should 
be bonded  to the rest of the system (or grounded)  to pre- 
vent external  sparks that might  produce ignition. 

4-4.2 Bonding is not needed around flexible metallic pip- 
ing or metallic swing joints  even though lubricated,  but 
a bond should be provided around joints  in which the only 
contact ing surthces are made  of nonmetal l ic  insulat ing 
material .  

4-5 Rubber-tired Vehicles. 
4-5.1 Vehicles equipped with pneumat ic  rubber  tires 
sometimes accumulate  a charge of static electricity. This  
occurs only when the tires are dry  and hence good 
insulators.  

4-5 .1 .1  Such charging can arise fl'om two separate and 
unre la ted  processes - -  roll ing contact of tires on the pave- 
ment,  or filling fuel and cargo tanks. These are best con- 
sidered separately,  although, since the vehicle is separated 
from the ground by its tires, the electrical resistance of the 
tire plays an impor tan t  part  in both cases. 

4 -5 .1 .2  Static from vehicle motion is generated at the 
point of separat ion of the tire from the pavement .  It 
becomes significant only at high speed operat ion when tires 
and pavement  are dry. 

4-5.1.3 Drag chains (drag straps) were originally thought 
of as a means of bleeding the static charge back to the road 
as fast as generated.  It is now known that a drag  chain is 
ineffective for this purpose when the road is dry and it is, 
of course, not needed when the road is wet. Fur the rmore ,  
drag  chains are ineffective as a means of control of static 
dur ing  loading,  as discussed below. The i r  use should not 
be required.  
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4-5.2 While  filling the fuel tank or cargo tank of 
au tomot ive  equipment  with a product  having static- 
generat ing abil i ty,  a charge is carr ied into the tank and 
will produce a charge on the vehicle. Whether  or not this 
can produce a hazard  depends  on the amount  of charge 
and other lectors, as discussed below. 

4-5 .2 .1  The  total charge carr ied into a vehicle depends  
on the generat ing characterist ics and the total quant i ty  of 
the product  delivered.  

4-5.2.2 I f a  vehicle were perfectly insulated from ground, 
the voltage produced for any given delivery would be deter- 
mined by the capacitance of the vehicle. Since the tires are 
not perfect insulators,  some leakage occurs that limits the 
peak voltage that the vehicle may  acquire.  

4-5.3 When  loading tank trucks through open domes,  
experience has demonstrated that a significant static hazard 
can be developed.  A potent ial  may  develop between the 
vehicle and the grounded p ip ing  system, and a spark may  
j u m p  between the edge of the tank opening and the fill pipe. 
To avoid this possibili ty,  a bond  should be established be- 
tween the loading piping and the cargo tank. (See Figure 
2. ) The  bond connection should be made  before the dome 
is opened,  and should not be removed until  the dome is 
closed. 

ALL PARIS OF FILL 
LINE SHOULD BE IN ~ BOND WIRE FASTENED 
ELECTRICAL ~ 10 FILL PIPE OR HETAL 
CONTACT DOWN- RACK ELECTRICALLY 
STREAM OF BOND CONNECTED TO PIPING 

BATTERY CLIP OR 
- SPECIAL CONNECTOR 

ATTACH TO TANK 
BEFORE OPENING 
COVER OR DOME 

ALTERNATE 
I LOCATION 

ULI UIJ 
Figure 2 F i l l i n g  Tank Truck through Open Dome. 

4-5.3.1 The fixed end of the bond wire may be connected 
to the fill pipe, to any part  of a metal  loading rack that 
is electrically connected to the pipe,  or to ground.  It is not 
necessary to bond a round  flexible metall ic joints  or swivel 
joints  (unless of the insulat ing type) in the loading pipe. 
The  a t tachment  clip on the bond  wire should be a bat tery  
clip or some other  equivalent  a t tachment  so made  that  it 
can pull free, thus avoiding inadvertent  damage that might 
result from dr iving the vehicle away without removing the 
bond.  

4 -5 .3 .2  Such bond ing  is not required:  (1) when loading 
vehicles with products  not having s ta t ic-accumulat ing  
abilities, such as asphalt  and crude oil; (2) where tank 
vehicles are used exclusively for t ranspor t ing  Class II  or 
Class I I I  l iquids loaded at racks where no Class I l iquids 

ELECTRICITY 

are handled;  or (3) where vehicles are loaded or unloaded 
through closed connections,  so that there is no release of 
vapor  at a point  where a spark could occur, irrespective 
of whether  the hose or pipe used is conduct ing or noncon- 
ducting.  (See Figure 3.) A closed connection is one where 
contact  is made  before flow starts and is broken after flow 
is completed.  (See NFPA 321, Standard on Basic Classification 
of Flammable and Combustible Liquids, for information on the 
classification of liquids. ) 

CONDUCTING OR 
NON-CONDUCTING HD$E 

BONDING BY CONTACT / FLAMMABLE 

/ NO OTHER BOND / ! 

FILLING OR EMPTYING TANK TRUCK 
THROUGH BOTTOM CONNECTION 

Figure 3 F i l l i ng  or  E m p t y i n g  Tank Truck 
through a Closed  Connection. 

4-5.3.3  Switch loading is a term used to describe a prod- 
uct being loaded into a tank or compar tmen t  that previ- 
ously held a product  of different vapor  pressure.  Switch 
loading can result in an ignit ion when low vapor  pressure 
products  are put into a cargo tank containing a f lammable 
vapor  from previous usage, i .e.,  furnace oil loaded into 
a tank that last carr ied gasoline. 

4-5 .3 .4  Dur ing  "switch loading"  or when loading prod- 
ucts that may give offvapors  that are within the flammable 
range,  excluding those enumera ted  in 4-5.3.2 above (see 
Figure 2), the fill pipe should reach as close as possible to 
the bot tom of the tank being loaded,  and preferably be in 
contact  with the bot tom.  If  the fill pipe does not reach the 
tank bot tom,  the l iquid velocity in the fill pipe should be 
l imited to approx imate ly  3 ft (0.9 m) per second until  the 
outlet is submerged.  I f  the fill pipe reaches the bot tom of 
the tank or after the outlet of the fill pipe is covered, 
the velocity may  be increased to approximate ly  15-20 ft 
(4.5 m to 6 m) per  second. 

4 -5 .3 .5  Where  bot tom loading  is used, low velocity or 
splash deflectors or other devices should be used to pre- 
vent upward  spraying of the product  and to minimize  sur- 
face turbulence.  

4 -5 .3 .6  All metallic parts of the fill pipe assembly should 
form a continuous electrically conductive path downstream 
from the point of bonding. For example, insertion of a non- 
conductive hose equipped with a metal  coupling on the 
outlet must  be avoided unless the coupl ing is bonded to 
the fill pipe. This  is not required in bo t tom loading.  
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4-5 .3 .7  Metal  or conductive objects, such as gage tapes, 
sample containers,  and thermometers ,  should not be 
lowered into or suspended in a compartment  while the coin- 
par tment  is being filled or immedia tc lv  after cessation of 
pumping.  A wait ing period of approxi inate ly  one minute  
will generally permit  a substantial  relaxation of the elec- 
trostatic charge. 

4 -5 .3 .8  Care  should be cxcrcised to minimize  the 
possibility, of any unbonded  object enter ing into a tank. 
Pr ior  to loading,  tanks should be inspected and any un- 
bonded object removed.  

4 -5 .3 .9  Filters capable of removing micron-sized par- 
ticles are considered prolific static generators.  Therefore,  
a miil i lnuln of 30-scconds relaxation time notreal ly should 
be provided downst ream of the filter. This  means that it 
should take at least 30 seconds tbr a particle of l iquid to 
travel from the outlet of the filter e lement  to the outlet of 
the fill pipe discharge into the tank truck compar tment .  
Relaxation time may bc obtained by enlarging or lengthen- 
ing the pipeline,  by install ing a retention chalnbcr ,  or bv 
reducing the flow rate. 

4-5.3.10 Where conductivity additives are used, reduced 
flow restrictions or relaxation may nut bc necessary, but 
bonding and grounding  precaut ions need to be followed. 

4-5.4 No cxternal  bond wire or bond wire integral with 
a hose is needed for the unloading  of t lammable  l iquids 
into underground  tanks through a closed connection. (See 
Figure 3. ) 

4-6 Aircraft. 
4-6.1 Fueling and Refueling of Aircraft on the Ground. 
4-6.1.1  When  fueling aircraft ,  the aircraft  should first 
be bonded to the tank truck, d rum,  fueling cabinet ,  
hydrant,  or pit, thus providing a low-resistance path to per- 
mit reuni t ing of separatcd charges; that is, so that charges 
delivered into the fuel tanks of the aircraft may reunite with 
charges left on the tank truck or other  type of fucler. 

4-6.1 .2  When  fueling is by over- the-wing delivery,  the 
fuel nozzle should be connected to a metal  part  of the air- 
craft which is metall ically connected to the fuel tank at a 
point near  the tank fill opening  by means of a short bond 
wire and clip or plug. This  connection should be made 
before the till cap is removed and the nozzle is placed in 
the fill opening. It should not be detached until filling has 
been completed and the fill cap has been replaced.  

4-6.1.3 When fueling is by underwing delivery,, the fuel- 
ing is through a closed system. This closed system provides 
metal- to-metal  contact and thus inherent  bonding  at the 
point of connection so that the bond connection mentioned 
in 4-6.1.2 is not required.  

4-6.1.4 If nonmetall ic conductive hose is used, it should 
not be regarded as a substi tute for bonding.  

4-6.1.5 When  defueling aircraft ,  the stat ic-protect ive 
measu:,  s should be the same as those taken dur ing  fuel- 
ing operations.  
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4-6 .1 .6  Some regulat ions require,  in addi t ion to the 
bonding required in this section, that the aircraft and fuel- 
ing system be connected by wires to ground.  However ,  in 
many locations grounds are not available and evidence does 
not indicate that g rounding  is necessary for protect ion 
against static ignition. (See NFPA 407, Aircraft Fuel Servich{¢ ) 

4-6.2 Airborne Aircraft. 
4-6.2.1 Bonding of aircraft parts to provide equalization 
of the potential  between various metallic structures of the 
aircraft  is desirable.  While  such bonding is common,  por- 
tions of aircraft  may be insulated,  either because of im- 
perfect bonding or because they are incapable of being elec- 
trically bonded (i.e. ,  an tenna  lead-ins might be a source 
of static spark inside the aircraft structure when the antenna 
lead-in is connected to its receiver through a capacitor).  
Unbonded  port ions constitute a static fire hazard  where 
t lammable  vapors are present  and an explosion hazard  
where such f lammable  vapors exist within confined areas 
or structures of an aircraft.  

4 -6 .2 .2  High humid i ty  condit ions do not aid in the 
dissipation of static electrical charges on a i rborne  aircraft  
as is occasioned on objects resting on the ground simply 
because of the absence of any cont inuous solid surface be- 
tween the aircraft  and the ground on which a moist film 
can be deposited.  In fact, when humid i ty  reaches the 
saturat ion point, an increase in precipi tat ion static results. 
Small traces of water  vapor  in a film on an insulator  (as 
might be impar ted  by condensat ion)  do, however,  render  
some insulators conducting.  

4 -6 .2 .3  Static dissipators can only a t tempt  to approach  
the theoretical ideal, which would be to discharge instant-  
ly the electrostatic charges generated on the aircraft so that 
there would be no difference of potential with the surround- 
ing a tmosphere .  This  is true since ionizat ion cannot  start 
until the impressed potential  gradients  of the aircraft  at- 
tain their ionizing threshold intensities. Static dissipators 
will safely lower dangerous  potentials from aircraft  if they 
are of proper  design and installed in adequate  number  at 
electrically strategic locations. 

4 -6 .2 .4  It should be stated explicit ly that the develop- 
ment of static charges on a i rborne  aircraft  offers a fire or 
explosion hazard only where f lammable vapor-air  mixtures 
exist and every effort should be made to el iminate all con- 
structions and procedures  that could produce accumula-  
tions of such flainmable vapor-a i r  mixtures.  

4-7 Tank Cars, Tankers, and Barges. 

4-7.1 Tank Cars. 

4-7.1 .1  When  loading or un loading  tank cars through 
open domes,  the downspout  should be of sufficient length 
to reach the tank bot tom. (See 4-5.3.2 for Exception.) 

4-7.1.2  The resistance of tank car to ground through the 
rails and the resistance of piping,  flexible metallic joints ,  
or metallic swivel joints  are considered to be adequate ly  
low for protect ion against  static electricity. 

4 -7 .1 .3  When  loading or unloading  tank cars through 
closed connections, no protective measures need be taken. 
(See 4-5.3.2.) 
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4-7.2 Tankers and Barges. 
4-7 .2 .1  The  loading and unloading  of steel tank ships 
and barges does not require any special measures  to pro- 
tect against external static sparks. Bonding cables between 
the vessel and shore are not required. The hull of the vessel 
is inherently' g rounded by vir tue of its contact with the 
water.  Consequent ly ,  the accumulat ion of static charges 
on the hull is prevented.  

4 -7 .2 .2  Load ing  or discharging liquids from vessels is 
through closed systems. These vessels are, in general ,  in 
adequate  contact  with the earth so that external  static 
sparks are prevented.  Even in the unlikely event that an 
external  static spark did occur, it would also be unlikely 
that this would occur in the presence of a f lammable vapor- 
air  mixture.  (See Sections 4-3 and 4-4. ) 

4-7 .2 .3  The discussion given in Section 4-3 regarding  
pumping  of t ]ammable  l iquids into storage tanks having 
a vapor  space also applies to the t]ow of such liquids into 
ships '  tanks. 

4-8 C o n t a i n e r  F i l l i ng .  

4-8.1 Fil l ing por table  containers  is analogous to filling 
tank vehicles except that the smaller size and lower flow 
rates may permit  less rigorous static control measures.  (&'c 
Section 4-5.) 

l 
Metal containers "~ 

Metal plates 

Hose may be either conducting 
/ /  or nonconducting - \  

[ Conductive nozzle in contact X 
with container - no other \ i1 
b°nding necessarT) ; 

JJ f J  

Nozzle not in contact - a bond 
wire is necessary, except where 
containers are inherently 
bonded together / ~  

Ill ~ ; ~  ;q 'aettgned" ] X I 

Figure 4 Bonding During Container Filling. 

4-8.2 lea filling metal cans and drums,  a fill spout, noz- 
zle, or fill pipe, if conductive,  should be kept cont inuously 
in contact with the edge of the fill opening.  Conduct ive  
funnels, strainers,  or other devices should likewise be kept 
in contact with both the fill nozzle and the container  to 
avoid the possibili ty of a spark at the fill opening.  Under  
these circumstances the addit ional precaution of providing 
a bond wire between the container  and the fill connection 
is not warranted.  

4-8.3 The  need for extending a downspout  to the bot- 
tom of the conta iner  has not been demonst ra ted  by ex- 
pc, ience in filling containers  up to and including 55-gal 
(208-L) drums.  

4-8 .4  When  contact cannot bc main ta ined  between the 
fill pipe and the container ,  and the two are not inherently 
bonded,  a bond wire should be used between them. Figure 
4 il lustrates various protective measures used in container  
filling. 

4-8.5 Conta iners  of glass or other  nonconduct ing 
mater ia ls  of 5 gal (19 L) or less capacity are usually filled 
without special precaution.  For larger containers,  see Sec- 
don 7-8. 

4-8.6 Bonding is not required where a container  is filled 
through a closed system. 

4-8 .7  Microf ihers ,  i fused ,  should be as far ups t rcam of 
the nozzle as practicable. Transfer  lines downstream of the 
filters should bc conductive.  

Chapter 5 Dusts and Fibers 

5-1 Genera l .  This chapter contains a discussion of some 
of the static electricity problems associated with the han- 
dl ing and processing of dusts and fibers. 

5-2 Parameters Affecting Charge Generation. 
5-2.1 A transfer of an electric charge occurs when two 
mater ia ls  in contact are separated.  Dust dispersed from a 
surface may  develop a considerable charge. The  ultimate 
charge depends on the inherent properties of the substance, 
size of particle, amount  of surface contact, surface conduc- 
tivity, gaseous breakdown,  external  field, and leakage 
resistance in a system. Electrification develops dur ing the 
first phase of separat ion.  Subsequent  impact  of airborne 
particles on obstruct ions may affect their charge slightly,, 
but if the impact  surface becomes coated with the dust, 
this eflect is slight. 

5-2.2 Charge  generation seldom occurs if both materials 
are good electrical conductors,  but it is likely to occur with 
a conductor  and a nonconductor  or two nonconductors.  
When  like materials  are separated,  as in dispersing quartz 
dust from a quar tz  surface, positive and negative charges 
are developed in the dispersed dust in about equal amounts 
to give a net zero charge. With  inatcrials  differing in com- 
position, a charge of one polar i ty  may predominate  in the 
dust. Each of the materials  becomes equally charged but 

1988 Edition 



GASES 

with opposite polari ty.  With  a metallic and an insulat ing 
material,  the tbrmcr usually assumes a positivc and the lat- 
ter a negative pola, 'ity. 

5-2.3 Electrostatic chargc generation in moving dust nor- 
mally c a n n o t  be prevented.  High humidi ty  or grounding  
of the surface from which dusl is dispersed will not 
cl iminatc the charge generation.  The method otclispersion 
of the dust,  the amount  of energy expended in dispersal ,  
the degree of turbulence,  and the composi t ion of the at- 
mosphc, 'c usually do not affect the magni tude  or dis t r ibu-  
tion of the charges. 

5-2.4 The vohagc developed by dispersion o fdus t  from 
a surface is p, 'oportional  to thc quant i ty  of dust dispersed,  
and thc m a x i m u m  vohage developed depends  on the leak- 
age resistance in the systcm and corona or spark dischargc. 

5-3 Ignition of Dust by Static Discharge. 
5-3.1 Dust clouds and layc,s  of many  combust ib le  
materials (with or withoul a volatile constituent) have been 
ignited expe,qlnentally by static discharge.  In somc in- 
stances, the charge was generated by mnvelnent  of dust, 
in othcrs bv a static' genera tor  W i m s h u r s t  machine) ,  or 
by electronic equipment .  

5-3 .1 .1  With  dust clouds, it has been shown that a 
m i n i mum dust cuncentrat ion exists below which ignition 
cannot take place rega,'dless of the energy of the spark. At 
the min imum dust concentrat ion a relatively high energy 
is required tbr ignition. At higher  dust concentrat ions  (5 
to 10 times thc min imum) ,  the encrgy requircd toi igni- 
tion is at a mininmna.  

5 -3 .1 .2  The  circuit resistance requi ,ed  tot opt i inum ig- 
ni t ing power varies with thc capaci tance,  the vohagc,  and 
the type of dust;  it often ranges from 10,000 to 100,000 
ohms. In this conncctiun,  it should bc noted that metallic 
dust layers arc usually poor electrical conductors  unless 
compressed.  

5-3.2 The  min imum electrical energy required to ignite 
a dust cloud is typically in the range of 10 to 80 millijoules 
and rapidly diminishes with decreasing particle size. Thus,  
many dusts can ignite with tess energy than might be ex- 
pended by a static discharge from machinery  or fi'om a 
human body. Layers  of combust ib le  dust can bc ignited 
by static discharge,  but there is little correlat ion in the 
m i n i mum energy required tot ignition of dust layers and 
ch)uds, l ,ayers  of some metallic dusts such as a luminum,  
magnes ium,  t i tanium,  and z i rconium rectuirc less energy 
tbr ignition than carbonaceous  materials .  

5-3.3 Dust clouds may be readily ignited when present 
as a " h y b r i d  mix tu re"  with a t lanmmble gas or vapor.  (Sec 
1-7.4.) Special prccaut ions  should be adopted when ant,,' 
nonconductive components  (drum liners, etc.) arc present 
in such cases. (See Sectio~ 7-9.) 

5-4 Cotton Gins. 
5-4.1 When  thc static charge on the cotton is of suffi- 
cient magni tude ,  the cotton will ball up in the gin stands 
and equipmcnt .  This  rcsuhs in a product ion problem and 
friction heat in the equipment .  

77-19 

5-4.2 The  generat ion of static on the cotton can be 
minimized by the introduct ion of moisture or an antistatic 
agent.  

5-4.3 The  bonding  and grounding  of cotton gin equip- 
ment  will not prevent  or remove the static accumulat ion 
fiom the cotton being processed. 

5-5 Control Measures. The principal  methods of con- 
troll ing static electricity associated with dusts are: 

Ca) Use only conductive equipmcnt  and kecl ) all com- 
ponents grounded.  

(b) Avoid projections and probes that could lead to 
discharges between a charged dust pile and a probe.  

(c) Ionize the a h  to provide a means of discharging thc 
dust. 

(d) Avoid a t lanunable  condit ion by incrt ing the 
container .  

Chapter 6 Gases 

6-1 General. 
6-1.1 Gases not con tamina ted  with solid or liquid par- 
ticles have been tbund to generate  little, if any,  electrifica- 
tion in their tlow. 

6-1.2 When the tlowing gas is contaminated with metallic 
oxides or scale particles,  etc.,  or with l iquid particles or 
spray, electritication may result. A stream of such particle- 
conta in ing gas directed against  a conduct ive object will 
charge the lat ter  unless the object is g rounded  or bonded 
to the discharge pipc. 

6-1.3 When  any gas is in a closed system of p iping and 
equipment ,  the system need not be electrically conductive 
or electrically bonded,  except that electrically isolated con- 
ductive sections should not be usect. 

6-2 Air Under Pressure. Compressed  air conta in ing 
particles of condensed water  vapor  often manifests s trong 
electri t ication when escaping. 

6-3 C a r b o n  D i o x i d e .  Carbon  dioxide,  discharged as a 
l iquid from orifices under  high pressure (where it im- 
mediately changes to a gas and " snow") ,  can result in static 
accumulat ions  on the discharge device and the receiving 
container .  High pressu,'c carbon dioxide should not bc 
discharged into flanmaable atmospheres because it presents 
a high risk of ignition. 

6-4 Hydrogen-Air,  Acetylene-Air Mixtures. Hydro- 
gcn-air  and acetylene-air  mixtures  may be ignited by a 
spark energy of as little as 0.017 milli joule.  In the pure 
state, no static charges are generatcd by the flow of 
hydrogen.  However ,  as gaseous hydrogen is commercial ly  
handled in industry,  such as flowing through pipelines,  
d ischarging through valves at filling racks into pressure 
containers ,  or t lowing out of containers  through nozzles, 
the hydrogen may bc tound to contain particles of oxide 
carried off from the inside of pipes or containers.  In this 
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contaminated state, hydrogen gas will generate static, and 
may  be ignited. 

6-5 LP-Gas. 
6-5.1 The  liquefied pet ro leum gases (LP-Gases)  behave 
in a manne r  similar  to that discussed in 6-1.1 in the gas 
phase and 6-1.2 in the mixed phase. 

6-5.2 Bonding is not required where vehicles are loaded 
or unloaded through closed connections,  so that there is 
no release of vapor  at a point where a spark should occur, 
irrespective of whether  the hose or pipe used is conduct-  
ing or nonconduct ing.  A closed connection is one where 
contact  is made  before flow starts and is broken after flow 
has ended.  

Chapter 7 Industrial and Commercial Processes 

7-1 Belts. 
7-1.1 Gene ra l .  Rubbe r  or leather tlat belts or vee belts 
used for the t ransmission of power or belts used for the 
t ranspor ta t ion  of solid mater ia l  may generate static and 
warrant  corrective measures  if there is a possibili ty that 
ignitable a tmospheres ,  dusts, or fibers may be present.  

7-1.2 F la t  Belts. 
7-1.2.1  R u b b e r  or leather flat belts are usually dry and 
good insulators because friction causes them to operate  at 
tempera tures  higher  than the sur rounding  atmosphere .  
Static generat ion occurs where the belt leaves the pulley 
and may occur with either conduct ing or nonconduct ing  
pulleys. 

7-1 .2 .2  Charge  accumulat ion  may be prevented  by 
employing belts of the antistat ic type that are made of con- 
ductive materials .  It may also be prevented by apply ing  
a special type of conduct ive dressing to the belt. To be ef- 
fective, these dressings must  be renewed frequently.  

heated or are very dry, or if the belt operates  in a heated 
a tmosphere  or moves with high velocity, generat ion may  
be significant. 

7-1.4.2 Materials  spilled from the end of a conveyor belt 
into a hopper  or chute may carry a static charge. If  such 
charges cause difficulty, the belt support  and terminal  
pulleys should be electrically bonded to the hopper.  Static 
neutralizers installed close to the end of the conveyor where 
the materials  spill oil" may also be helpfuh 

7-1.5 Pulleys and Shafting. 
7-1.5.1  Metal  pulleys will pick up a charge equal and 
opposite to that carr ied by a belt that runs over them, and 
will communica te  this charge to the suppor t ing  shaft and 
thence through bearings to the equipment  and the earth. 
In special cases involving nonconduct ing components  that 
isolate metal  parts,  it may be necessary to bond or ground 
the isolated metal  port ions of the equipment .  

7-1 .5 .2  It has been found that lubricated bearings are 
usually sufficiently conductive to allow a static charge to 
leak off'the shafts. However ,  the conductance across bear-  
ings opera t ing  at very high R P M  may not be sufficient to 
prevent  accumulat ion of static charge when the charge 
generat ion rate is high. For this reason, shafts rotat ing at 
very high R P M  should be bonded or grounded through 
a sliding contact to the housing. 

7-2 Coating, Spreading, and Impregnating. 

7-2.1 Coating,  spreading,  and impregnat ing  operat ions 
are quite similar to each other  in that they each involve 
the appl icat ion of solutions such as paints,  lacquers,  rub- 
ber  compounds ,  " d o p e s , "  and varnish to fabrics, paper ,  
or other materials. Various methods of applying the coating 
or impregna t ing  mater ial  are employed.  These include a 
doctor  blade or knife, flowing roll, squeeze rolls, or calen- 
dar  rolls, and the method used is determined by the viscos- 
ity and temperature of the coating of the impregnat ing solu- 
tion, the speed of the machine,  the thickness of the coating 
desired,  or the depth of the impregnat ion .  Figure 5 shows 
a typical  cloth coat ing machine.  

7-1.2 .3  A grounded static comb placed with the points 
close to the inside of the belt and a few inches away from 
the point where it leaves the pulley will be effective in drain- 
ing off most of the static charge. (See Figure 6l).) 

7-1.3 Vee  Belts.  Vee belts are not as susceptible to 
hazardous  accumulat ions  of electric charge as flat belts. 
Unde r  certain condit ions of t empera tu re  and humidi ty ,  
however,  a vee belt drive may  generate a significant quan- 
tity of static electricity. Where  f lammable vapors are pres- 
ent it is safe practice to employ vee belts of the conduct ing 
type. Conduc t ing  type vee belts should be kept free of ac- 
cumulat ions  of nonconduct ing  material .  In areas where 
f lammable vapors are likely to be present,  direct drives are 
preferable to vee belts, al though it is general ly considered 
that the risk from the s tandpoint  of static is small. 

7-1.4 Conveyor Belts. 
7-1.4.1 Belts used tbr the t ransportat ion of solid material  
usually move at slow velocity and normal ly  would not be 
static generators. However,  if the materials t ransported are 
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S h o w i n g  L o c a t i o n  o f  S ta t i c  Neutralizers. 

7-2.2 Charge  accumulat ions  on the coated mater ia l  de- 
pend to a considerable degree on the mater ia ls  of which 
the rollers are made.  In some cases, charge accumulat ions 
can be greatly reduced by the selection of materials  used 
tot the roller. For example,  conductive rolls in place of rolls 
covered with nonconduct ive  mater ia ls  may  be helpfuh 

7-2.3 The  opera tor  should wear conduct ive footwear. 
Work ing  platforms around coat ing machines should be 
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conductive and grounded,  and kept clean so that the oper- 
ator does not become insulated from ground.  

7-2.4 When  t lammable  liquids are employed in the pro- 
cess, definite precaut ions  must be taken against  possible 
ign i t ion  of f l a m m a b l e  v a p o r - a i r  mix tu res .  Stat ic  
neutralizers (see Fzgure d) should be installed where the rolls 
of mater ia ls  are unwound or where the webs pass over the 
roller or under spreader knives or doctor blades. See Figure 
6 for positions of max imum effectiveness. All conductive 
parts of a machine should be bonded together,  and unless 
the machine is inherently grounded,  the f iame of the 
machine should be permanent ly  grounded.  

7-2.5 Where t lammable liquids are used, adequate torced 
ventilation should be provided for the area and the equip- 
ment  to prevent f lammable vapor  accumulat ions.  (See 
NFPA 34, Dippillg and Coating Processes. ) 

7-2.6 If humidif icat ion is not injurious to the process, 
main tenance  of relative humid i ty  of 50 percent  or greater  
will be most helpful in the mit igat ion of static accumula-  
tions. Local humidif icat ion and the installat ion of steam 
jets at the feed end of the machine and at other points of 
static generat ion have been tbund in some cases to be a 
practical means of static control.  (See Section 7-6. 1.) 

7-2.7 Solvent containers  such as hoppers  should be 
enclosed and preferably filled through a closed piping 
system. 

7-3 Printing and Lithographing. 
7-3 .1  G e n e r a l .  T h e r e  are e lec t ros ta t i c  p r o b l e m s  
associated with the pr int ing and l i thographing industry,  

and they may, be addressed as shown in 7-3.2 through 
7-3.4.9. 

7-3.2 P a p e r .  

7-3.2 .1  The  character  of the paper  surface has a great 
deal to do with the amount  of static generated.  Paper  will 
acquire static charges in the tbllowing processes: folding 
machines,  die cutt ing,  eyelett ing,  deckling, pebbl ing and 
roughing,  laminat ing ,  per torat ing,  stapling, and t ipping.  

7-3 .2 .2  The  hygroscopic quali ty of the paper  is also 
de te rmined  to some extent bv the character  of the surface 
of the paper ,  which likewise 'has a distinct bear ing on the 
generat ion of static by the paper .  The  more water content 
in the paper  the less will be the amount  of static generated. 
The  difficulties in processing cellulose acetate sheets that 
are moistureproof  is an excellent example in support of this 
s tatement.  

7-3 .2 .3  If all paper  used in the paper  industry were in 
equi l ibr ium with the air  at a relative humidi ty  of 70 per- 
cent or more,  there would probably  be little need for other 
means of" static control. However ,  in the a t tempt  to reduce 
the generation of static by increasing the moisture content, 
other product ion problems are sometimes in t roduced 
because paper  will change in dimension and flexibility with 
changes in moisture,  and registrat ion defects may result. 
The  ink dry ing  rates may  also be affected. 

7-3.3 Inks .  

7-3.3 .1  The inks used in letter presses and l i thograph 
presses contain only slightly volatile solvents having flash 
points in the 300°F (140°C) to 400°F (204°C) range and 
present little fire or explosion hazard.  High speed pr int ing 
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or rotogravure presses and tlexograph presses require the 
use of low flash point solvents having flash points in the 
range of 20°F ( - 4°C) to 120°F (49"C). Fires can occur due 
to the use of the low tlash point solvents whose vapors can 
be ignited by static sparks or other ignition sources. 

7-3.4 Presses.  

7-3.4.1 A great deal of static is generated by the paper 
r unn ing  through the press, when it is pulled from a roll 
or stack, when it touches the roll or feeder device that car- 
ries it to the pr int ing surface, dur ing the actual impres- 
sion, or in any of the handl ing equipment  provided be- 
tween the impression and the final delivery roll or stack. 
Pr int ing on plastics, vinyls, and other synthetic materials 
causes more static problems than print ing on paper. 

7-3.4.2 A c o m m o n  method of removing staticelectrici- 
ty from presses is by grounding,  although grounding the 
framework in itself is frequently not sufficient protection 
against static. Static neutralizers are commonly used in 
close proximity to the paper, as described in 3-3.4. 
However,  the reduction of static at any one point in the 
operation does not prevent the generation of static in later 
steps of the process; static neutralizers may be necessary 
at a number  of locations. (See Figure 7.) Also, static bars 
are frequently attached to the fly to remove static from the 
delivered sheets. For fast r unn ing  presses, inductive 
neutralizers, such as tinsel wrapped around a bar, or 
grounded needle points spaced 0.5 to 1 in. (12.70 to 25.40 
ram) apart,  have been tbund to be effective. 

As with all neutralizers, positioning is important ,  and 
effectiveness of individual installations should be confirmed 
by field measurement  of residual change. (See 3-3.4.2.4.) 
The neutralizer should be located as far as possible from 
grounded metallic press parts or areas where the web is 
supported by rollers, and must not interfere with the 
pathway of the web. 

G R O U N D E D  IDLER R O L L S  ~ __ 

IMPRESSION C Y L I N D E R  

/ "7 \ 

G R A V U R E  P R I N T I N G  R O L L S  

Figure 7 Static Removal from Printing Rolls. 

7-3.4.3 Tinsel or needle points remain functional only 
as long as they are clean and sharp. Accumulat ion of soil 
and corrosion products must be controlled by an effective 
maintenance program. 

7-3.4.4 Humidif icat ion is one of the most successful 
methods of controlling static electricity. (See 3-3.2.) The 

amount  of moisture required and the method of introduc- 
ing it in the air differ somewhat depending on the paper 
being run and local pressroom conditions. Usually a range 
from 43 percent to 60 percent relative humidi ty is most 
practical. In plants with venti lat ing systems humidifica- 
tion is comparatively simple and, in others, moisture is in- 
troduced most easily by means of escaping steam. 

7-3.4.5 In addition to the above methods of controlling 
static, a very common device used on presses is the open 
gas tlame. This, of course, can only be used in presses us- 
ing inks of low volatility. The open llame is placed across 
the press at the delivery end so as to allow the paper to 
pass through the tlame quickly or very close to the heater. 
In every case where a gas tlame is used tbr static neutraliza- 
tion, the burner  should be interlocked with the press so 
that the flame will be out when the press is stopped. It is 
necessary to make sure that the pilot of the burner  cannot 
touch the edge of the paper. 

7-3.4.6 The electric neutralizer is used frequently for the 
el imination of static on all presses, but more particularly 
on rotary-type presses. (See 3-3.4. ) Ink spray from the ends 
of the rolls tends to accumulate on the ends of the 
neutralizers and it is iinportant that they be kept reasonably 
clean at all times because heavy ink deposits have caused 
electrical breakdown of the neutralizers in a few cases. 

7-3.4.7 Higher operating specds have resulted in the 
development of the enclosed ink tountain, which makes tbr 
a much safer press. The el imination of the l laminable 
vapors by proper local ventilation is probably the hest solu- 
tion to e l iminat ing fires on these presses. Condit ioned air 
is conducted to the presses and exhausted from the paper 
as it passes from the printing cylinder. This not only assists 
in the rapid drying, but keeps the vapors below the lower 
flammable limits. 

7-3.4.8 From the fire standpoint ,  presses ¢ffslow speeds 
do not present the static problem exhibited in high-speed 
presses. Inks used on flatbed presses are nearly always of 
low volatility. However, the static electricity problem fiom 
the production standpoint  still exists. This type of press, 
using individual sheet paper, is used for muhicolor work 
when it is frequently necessary to run work through two 
or more presses. The problem of exact register as well as 
a satist~actory delivery of the individual sheets from the tly 
is affected by static bui ldup in the printing. Even releas- 
ing the sheet from the tympan is sometimes difficult. One  
of the most satisfactory treatments for adhesions to the tym- 
pan is the use of glycerine and acetic acid to dampen it. 

7-3.4.9 With dry paper, in a dry atmosphere, a 
rotogravure press can become a static generator. A rub- 
ber roll is pressed with as much as 4 tons (907 kg) of 
pressure against a copper etched roll, which revolves in a 
volatile ink, and the paper passes between the two rolls. 
In a muhicolored press there is a similar a r rangement  tot 
each color. The generation of static can sometimes be 
reduced by reducing the pressure between the rolls and 
changing the angle at which the paper enters the rolls to 
lighten its contact with each roll. Increasing paper and ink 
conductivity and prcss room air humiditication are also cf- 
t~ctive in reducing static effects on rotogravure presses. For 
more complete control, however, a static neutralizer cover- 
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ing thc full width of thc web at the del ivery side of cach 
impression roller is usually necessary. 

7-4 M i x i n g  a n d  B l e n d i n g  Operations. 
7-4.1 In the mixing  and blending of f lammable  liquids, 
or of pa , t iculates  in a t l ammablc  l iquid, one of the more 
connnon methods employed to dra in  o i l  static" is to bond 
and ground all rectal parts and all moving pa,'ts of the 
equipment .  Conscquei~tly, metal and other  conduct ive 
material  should be used as far as possible in design of com- 
ponents that are contacted bv the material  being proccsscd, 
al though this may not prevent the accumulat ion  of static 
charge on the mixed material .  

7-4.2 Bonding and grounding  as r ccommcndcd  will not 
remove the frcc charge on the surface of thc liquid. (See 
Section 4-2. ) 

7-4.3 .Jet mixing  and propel ler  mixing in tanks may 
generate charges. Care  should be taken to avoid agi ta t ing 
a possible layer of water at the bottom of flamnmble liquid 
lanks. Thc. jcI  or propel ler  stream should bc directed so 
as not to break the surfacc. ,Jet mixing nozzles should not 
be used for tilling tanks when the nozzles arc above the 
liquid surt3ce. Where  f lammable  mixtures  mav be en- 
countered above lhc liquid surface, inert gas b lanket ing 
may be employed.  (See Nt:PA 69, Standard on Explosion 
Prevention @stems. ) 

7-4.4 Flnat ing-roof tanks  el iminate the vapor  space and,  
therefore, arc especially dcsirablc tbr hazardous  blending 
service. 

7-4.5 Good housekeeping is nf prime importance in areas 
where dust or l)owders from the operat ions  arc 1)roduced. 
The  bui ld ing and equipnacnt should be designed to elimi- 
nate shelves and ledges and s imi la ,  places where such 
mater ia ls  can acculnulate.  

7-4.6 Care should bc taken to prevent t ramp metal, tools, 
or loose ha, 'dwarc from getting into thc ducts and 
containers.  

7-4.7 In the manufac ture  of lacqucrs and coat ing 
materials ,  plastic powders or pellets arc dissolved in 
solvents. The plastic mater ia ls  and the solvents arc usu- 
ally nonconduct ivc  but in the b lending and mixing opera-  
tion, static generat ion can bc high especially at the start 
of the ope, 'at ion.  The  charge generat ion can be reduced 
by using conduct ive solvents or by incorpora t ing  conduc- 
tivity addit ives in nonconduct ivc  solvcnts. 

7-5 Film Casting and Extrusion. In the manufac ture  
of thin films the generat ion of static charge may  be ap- 
preciable especially when nonconduct ing coating materials  
are employed.  When  conductive coating materials are used, 
the hazard  increases as the solvent is evapora ted  from the 
product  unless the finished product is also conductive. The  
static charge on the product  can be reduced by ionizing 
the air  in the immedia te  vicinity. Ionizat ion can be 
achieved by the use of static combs,  tinsel brass, or by the 
use of radioact ive materials .  

7-6 Steam Jets. 
7-6.1 Surfaces on which steam condenses may  ac- 

cumula te  static unless the surfaces are bonded  to the 
d ischarging pipe or both units are grounded.  A resistance 
between connecting parts of 10 a ohms or less should be ade- 
quate. If f lammable vapor-air  mixtures are likely to be pres- 
ent, steam jets should be avoided. Also, when a steam educ- 
tor is used to venti late a tank conta in ing a f lammable  
vapor ,  the eductor  should be used so that it will pull the 
vapor  out of the tank (not blow steam into the tank), and 
it should be electrically bonded  to the tank. 

7-6.2 When steam cleaning constitutes a hazard,  all pipes 
or nozzles through which steam is discharged should be 
bonded to the equipment  being s teamed or the two objects 
should be connected to ground.  

7-7 Spray Application of Flammable and Combustible 
Materials. (See NFPA 33, Spray Application Using Flam- 
mable and Combustible Materials.) 

7-7.1 Ignit ion of f lammable  mixtures  in paint  spray 
facilities is often the result of the discharge of static elec- 
trical accumulat ions .  

7-7.2 With  the airless spray system, static can ac- 
cumulate upon the object being sprayed and upon the spray 
gun. A par t icular ly  hazardous  condit ion exists when the 
equ ipment  is being flushed through the gun (as for color 
change) and the fluid s t ream from the gun is directed into 
an electrically isolated pail or d rum.  Where  f lammable liq- 
uids are involved, any conductive object being sprayed and 
any container  to collect the fluid discharge of the gun must  
be bonded  to the spray equ ipment  or both the pieces must  
be grounded so that the spray-genera ted  charge can be 
dissipated without sparking.  

7-7.3 Electrostatic spray equipment  for appl icaton of 
fluids or of powders  is del iberate ly  opera ted  at high 
(30kV-150kV) voltage to enhance deposi t ion of coatings 
on the workpiece.  

7-7.3 .1  Some types of this equ ipment  (commonly  re- 
ferred to as "s t i f f "  systems) are capable of d ischarging in- 
cendive sparks that may ignite f lammable mixtures or pro- 
duce electroshock injuries. At tempts  to prevent such spark- 
ing by ad jus tment  of distance between a tomizer  and 
workpiece are unreliable because sparking distance through 
vapor  or aerosol burdened  air  is not predictable .  When  
equ ipment  capable of such sparking is used, it should be 
su r rounded  with protect ive fencing and interlocks to pro- 
tect personnel and, when used with flammable or combusti-  
ble coat ing materials ,  should be protected by highly 
engineered fire suppression systems. 

7-7.3.2 A class of  equ ipment  does exist that ,  while 
opera t ing  in the same voltage range,  is not capable of pro- 
ducing discharges with enough energy to start  fires or to 
cause electroshock injuries.  These  devices, referred to as 
nonincendive,  may  be opera ted  without  the fencing and 
ex t raord inary  fire protection called for by "s t i f f"  systems, 
as they will not spark at any distance. 

7-7.3.3 During operation of any electrostatic equipment ,  
however,  electrically conductive isolated objects within the 
process area are influenced by the process and may  become 
charged to voltages that result in spark discharges capable  
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of igniting flammable or combustible substances. Objects 
commonly involved in such incidents include workpieces 
on conveyor racks that have fouled contact points; solvent 
containers or tools placed upon nonconduct ing paint resi- 
dues, cardboard, or wooden rests; spray-booth components 
such as loose floor grates; and human beings insulated from 
ground by rubber footwear, paint residue accumulations 
on floors, and gloves. 

7-7.4 Even in spray painting environments where there 
is no electrostatic equipment in operation, but where sticky, 
electrically nonconductive paint residues have accumulated 
on the floor, a significant hazard is associated with static 
electrification of human bodies that results from walking 
across such a floor. As few as two or three steps may pro- 
duce sufficient voltage on the body of a worker to create 
an incendive spark when he approaches a grounded ob- 
ject. If  this spark occurs in a flammable vapor such as is 
found surrounding a solvent container or a freshly painted 
object, a fire results. 

7-7.5 Prevention.  
7-7.5.1 To prevent ignition by sparks from accumula- 
tion of static electricity on such random objects, all elec- 
trically conductive objects (including human bodies) within 
the process area must be electrically bonded or grounded. 
High voltage power supplies for electrostatic systems should 
be provided with control interlocks that allow the equip- 
ment to be energized only during actual spraying 
operations. 

7-7.5.2 To minimize the hazards from the electrostatic 
spray equipment, only listed equipment should be used and 
it should be installed and maintained in accordance with 
the manufacturer ' s  recommendations.  

7-8 Nonconductive Containers. 
7-8.1 L i q u i d  Hand l ing .  The handling of flammable 
materials in plastic containers of various sizes ranging from 
5 to 55 gal (19 to 208 L) capacity is potentially hazardous. 
While filling the container, charges generated by splashing, 
turbulence, or filtering can accumulate on the surface of  
the liquid or on conducting components insulated from 
ground. Charges may also be generated by rubbing on the 
external surface of the container while shipping or han- 
dling. These charging mechanisms may result in an incen- 
dive discharge. Recommended  safeguards are to ground 
all metal parts on or near the container and provide for 
charge relaxation by bottom filling with a grounded lance. 

7-8.1.1 Portable Containers. The handling of flam- 
mable materials in portable containers is potentially haz- 
ardous, even if the liquid is conductive. Incendive 
discharges may occur either from charged liquid in the con- 
tainer or from the container itself, if the container is 
charged by rubbing or another process. If  a nonconduc- 
tive container must be used, a discharging electrode should 
be present in the liquid throughout  filling. This may con- 
sist of a grounded dip pipe or a grounded wire. All con- 
ductive elements such as funnels must be grounded during 
filling. The filling rate should be minimized, particularly 
if an upstream filter is present, and the discharging elec- 
trode or dip pipe retained in the liquid for at least 30 
seconds after filling any low conductivity liquid (less than 

50 pS/m). An additional hazard may arise if nonconduc- 
tive containers are used in areas containing ambient flam- 
mable mixtures, owing to the possibility of the container 
surface becoming charged. Also, the ignition risk posed by 
ungrounded personnel should be considered. Special ad- 
vice should be obtained before adopting a procedure in- 
volving low conductivity liquids and nonconductive con- 
tainers exceeding 1 gal capacity. 

7-8.1.2 Fixed Conta iners .  The use of fixed, noncon- 
ductive containers exceeding 55 gal capacity is not recom- 
mended for flammable liquid service unless proper design 
and procedures can be demonstrated. Specialist advice 
should be obtained particularly if" low conductivity liquids 
are involved. The design should, at a minimum, involve 
grounding of all conductive components and the use of a 
grounded dip pipe. Additional methods to aid charge relax- 
ation, such as the use of submerged grounded plates or 
grids, involve consideration of the container geometry with 
respect to external grounded bodies, and their proper size 
and placement cannot be generalized. 

7-8.2 Powder (Dust) Handling.  
7-8.2.1 Pape r  Sacks and Fiber  Drums.  These con- 
tainers may be considered conductive. Paper sacks are 
grounded when in contact with grounded personnel or 
when resting on a grounded surface, such as the loading 
port of a process vessel. Fiber drums may be grounded by 
means of a grounding cable and clip. (For noncorzductive liners, 
see Section 7-9. ) 

7-8.2.2 Plastic Bags and  Drums.  These containers 
readily become charged and can give rise to discharges 
either flom their surfaces or bv inductively charging 
ungrounded personnel. They should not be used to transfer 
powder to flammable liquids or where hybrid mixture may 
form, or used with sensitive powders of low ignition energ T 
Personnel should be properly grounded. 

7-8.2.3 Large Containers and Tote Bins. In addition 
to the provisions of 7-8.2.2, a grounded rod should be 
placed in the container during tilling to prevent "capacitor 
like" charge accunmlation on the container walls. 

7-9 Con ta ine r  Lin ings .  

7-9.1 Linings may be conductive, such as conductive 
plastic or a luminum ibil, or nonconductive. The hazard 
due to conductive liners is addressed by grounding. Non- 
conductive liners have a wide range of conductivity and 
would constitute a hazard if the liner impedes the relaxa- 
tion of any charge. Both antistatic and conductivc linings 
are commercially available. 

7-9.2 Liquids .  

7-9.2.1 Containers for liquids may be deliberately lined 
or may become lined by deposition of material, such as 
when a liquid solidifies at the wall or tbrms gums or resins. 
If the lining impedes charge relaxation, more charge may 
accumulate than in the case of a conductive container. Thin 
linings of paint or epoxy or phenolic resins may usually 
be neglected. If  the surface resistivity of the lining exceeds 
10 tl ohms, the use of a grounded dip pipe of conductive 
material should be considered. Dip pipes should always 
be used tot high resistivity linings such as polyethylene (for 
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example, poly-steel drums). If a microfilter is used in low 
conductivity liquid service, additional precautions are 
necessary tbr high resistivity linings. If adequate relaxa- 
tion time cannot be provided between the filter and the 
container,  incrt ing should be considered. 

7-9.3 Powders  (Dusts).  

7-9.3.1 Conduct ive  Containers .  Nonconductive liners 
such as polyethylene should not be used in cases where a 
hybrid mixture may be present, or for sensitive dusts with 
low ignition energy. In particular, the liner should not be 
allowed to leave the container or shaken out in areas where 
flammable vapor ma t , be present, such as at the loading 
port of a process vessel. Fixed liners such as paint or epoxy 
resin are not believed to pose any additional ignition 
hazards. Part icular attention should in all cases be made 
to grounding of the container.  In the case of a fiber drum,  
both upper and lower chimes should be grounded ifa  poly- 
ethylene liner is present. Especially in the case of paper 
sacks, personnel should be grounded, since direct handling 
of an otherwise ungrounded container relies on grounding 
through the person involved. 

7-9.3.2 N o n c o n d u c t i v e  Conta iners .  If a conductivc 
liner such as conductive plastic is used, attention should 
be made to ensure that the lincr is properly grounded. 
Otherwise, an t ' charge accumulated on the liner could 
discharge as an energetic spark. 

Chapter  8 De tec t ion  and M e a s u r e m e n t  of 
Static A c c u m u l a t i o n  

8-1 General .  

8-1.1 To evaluate the degree of hazard of static charge 
bui ldup it is necessary to ident i t ,  its location and to deter- 
mine its magnitude.  Of  the many, types of measur ing 
devices that are available, most fall into one of the follow- 
ing categories: electrometer, electrostatic voltmeter, or field 
mill. Depending on how it is used, an electrometer can 
measure the voltage, accumulated charge, or current.  An 
electrostatic vohmeter  measures the voltage. A field mill 
measures the field strcng,-th (vohs per unit distance) in space 
without direct contact to the charges producing the field. 
In addition there are various hand-held, noncontact devices 
that can give a qualitative indication of static charge on 
objects to which they are pointed. 

N O T E :  Fxwcmc care should be used so that nei ther  ins t ruments  
nor  test ing techniques  cause igni t ion of  f l ammable  a tmospheres .  
Fo r  examplc ,  a p p a r a t u s  can often bc  des igned to be intr insical ly  
sali', or  can bc enclosed in a pu rged  or t 'xph~sion-proof hous ing  
with special protective ('[I"( uiwy to prcvent  haza rdous  cnergy levels 
a p p e a r i n g  at the exposed sens ing  e lements  

8-1.2 To make meaningful  detcrminations of hazard 
level, it is important  that the appropriate type of instru- 
ment be used and that its reading be properly interpreted. 
A noncontact ing ins t rument  responds to the magni tude  
(and, in some cases, the polarity,) of the electric field 
strength at its sensing aperture even though it may be 
calibrated in tcrms of volts or charge. The field strength 
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at the meter may be quite different from the field adjacent 
to the static charges, in which case the meter reading does 
not accurately indicate the degree of hazard. The measur- 
ing technique for charged conductors differs fl'om that for 
nonconductors.  The voltage on a conductor can be 
measured by contact. Measurement  of the voltage of non- 
conductors is seldom appropriate or feasible since the 
voltage varies from point to point and is changed by the 
introduction of a measur ing device. 

8-1.3 Charged nonconductors  can take many  different 
forms: paper, film, webs, powders, liquids, process rolls, 
extrusions, etc. Determinat ion of charge level on powders 
or liquids is best made with an electrometer measurement  
of charging current  or accumulated charge that can be 
related to charge per unit mass or chmge per unit volume. 
Measurement  of charge buildup on surfaces such as paper, 
film, webs, process rolls, etc. is most readily made in terms 
of electric field strength (volts per unit  distance) over the 
surface from which the charge per unit  surface area can 
be inferred. Because charge densities on nonconduct ing 
surfaces are typically nonuniform,  the area measured by 
the instrument can have a significant effect on its readings. 

8-1.4 The relationship between the charge level on a non- 
conductor or the electric field strength and the available 
spark energy, is not defined as is the case for conductors. 
Empirical relationships have been developed for some ap- 
plications such as the handl ing of f lammable liquids and 
the processing of plastic fihn in a flammable environment .  

8-2 Elec trometers .  

8-2.1 Electrometers are frequently used tbr laboratory 
and field investigations of static electricity. These in- 
struments employ special input stages that provide the high 
input resistance (typically 1014 ohms or more) needed to 
avoid dissipation of the measured charges. Equally impor- 
tant, they have very low bias current,  that is, a self- 
generated current at the input (typically less than 1014 am- 
pere). Although the max imum full-scale range of the elec- 
trometer is usually only 10 or possibly 100 volts, static 
potentials in the kilovolt range can be measured by at- 
taching a calibrated high resistance voltage divider to the 
input.  Electrometers can also measure charging current or 
integrated charge by means of suitable resistors or capaci- 
tors across the input  or in a feedback configuration. 

8-2.2 Electrometers are basically' designed to contact the 
object being measured and of necessity draw some charge 
from the measured object. However, it is possible to make 
noncontact  measurements  with a probe that exposes the 
input  terminal of the electrometer to the electrostatic field 
of a charged object. In effect the probe is a capacitive 
divider. 

8-2.3 The capacitive probe/electrometer combination is 
not suited to cont inuous moni tor ing  because the finite in- 
put resistance and the bias current of the electrometer will 
cause the reading to drift. However, such an arrangement  
may be used tor spot measurements  under  many cir- 
cumstances. 

8-3 Electrostat ic  Vo l tmeters .  This type of ins t rument  
is suitable only for the measurement of the potential of con- 
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ductors  to which it is connected.  Electrostatic vol tmeters  
opera te  by electrostat ic a t t ract ion between movable  and 
stationary metal vanes. No current flows to maintain deflec- 
tion because one set of vanes (usually the s ta t ionary set) 
is highly insulated.  Portable ,  accurately cal ibrated in- 
struments are available in several ranges from 100 to 10,000 
volts and higher.  The  input  capaci tance of the meter  will 
reduce the measured potential if the system being measured 
does not have a much greater  capaci tance.  

8-4 Field Mills. 
8-4.1 The  need to contact a charged object for measure-  
ment  may  be overcome by the use of a field mill. The  field 
mill is a noncontact ing device in which a shield or rotat ing 
shutter alternately exposes the sensing electrode to the elec- 
trostatic field and to a field-free region. The  resulting alter- 
na t ing  charge induced on the electrode is amplif ied in an 
AC electronic circuit and indicated on a meter.  Devices 
of this type are called field mills, field intensity meters,  
genera t ing  voltmeters,  or electrostatic field meters.  Some 
field mills provide a high degree of sophistication with high 
accuracy.  

8-4.2 The  field mill responds to the field strength (volts 
per unit distance) at its lace. It does not measure the voltage 
or field strength at a different location. However ,  from the 
measurement  of field strength at the field mill face, it may  
be possible to infer what the voltage or field strength is at 
a dis tant  location. This  inference is great ly dependent  on 
the geometrical  envi ronment  in which the field mill is 
located. A field mill is cal ibrated while mounted  in a 
g rounded  metal  plate. A known potential  is appl ied to a 
parallel  metal  plate held at a s tandard  distance from the 
meter .  This  paral lel  plate geometry  provides a known 
uniform field strength. 

8-5 Other Noncontacting Devices .  A variety of non- 
contact ing inst ruments  are available that are held by hand 
and pointed at suspected locations of charge. Although the 
readout  may be cal ibrated in volts, such hand-held  meters 
do not really measure  the voltage on a surface in front of 
the meter.  The reading is dependent  not only on the voltage 
of the object in front of the meter  but  also on the static 
potential  of the meter  itself and on the geometrical  
envi ronment .  

8-6 Elect roscopes .  The  leaf electroscope is a simple and 
sensitive device that demonstra tes  the presence or absence 
of electrical charges by the repulsion of its leaves when the 
device is charged.  On ly  units in tended as por table  
dosimeters for ionizing radiation and one or two classroom 
demons t ra t ion  models are available.  

8-7 Neon  Lamps .  A small neon lamp or fluorescent tube 
will light up feebly when one terminal  is grounded (or held 
in the hand)  and the other makes contact  with any surface 
that carries a potential of 70 volts or more. The  lamp glows 
as the surface is discharged through the lamp.  

FI+ECTRICIT',' 

Chapter 9 Referenced Publications 

9-1 The  following documents  or port ions thereof  are 
referenced within this recommened practice and should be 
considered part of the recommendat ions  of this document .  
The  edition indicated for each reference is the current  edi- 
tion as of the date of the N F P A  issuance of this document .  

9-1.1 N F P A  P u b l i c a t i o n s .  Nat ional  Fire Protect ion 
Associat ion,  Ba t te rymarch  Park,  Quincy ,  M A  02269. 

N F P A  32-1985, Standard for Drycleaning Plants 
N F P A  33-1985, Standard for Spray Application Using Flam- 

mable and Combustible Materials 
N F P A  34-1987, Standard for Dipping and Coating Processes 

Using Flammable or Combustible Liquids 
N F P A  69-1986, Standard on Explosion Prevention Systems 
N F P A  70-1987, National Electrical Code 
N F P A  78-1986, Lightning Protection Code 
N F P A  99-1987, Standard for Health Care Facilities 
N F P A  321-1987, Standard on Basic Classification of Flam- 

mable and Combustible Liquids 
N F P A  407-1985, Standard for Aircraft Fuel Servicing 

Appendix A Explanatory Notes 

Thzs appendix i.s not a part o[ the" recommendalmns of this :\'1"751 document, 
but ts t'ncluded for informatton purposes on/)' 

A - l - 6  The  following table is associated with the 
phenomenon variously retErred to as "frictional charging,"  
"contact /separat ion charging,"  or " t r ibo-charg ing ."  Elec- 
trification of two materials subject to this effect will be more 
pronounced  the further apar t  they are on the list (degree 
of separat ion) .  ( I .e . ,  rabbi t  fur rubbed  against  cellulose 
ni t rate  would have the greatest  effect. Mater ia l s  adjacent  
to one another  in the table would have the least effect.) 

A Typical Triboelectric Series 
Rabbi t  fur 
Imcite 
Bakelite 
Cellulose Acetate 
Glass 
Quar t z  
Mica 
Wool 
Cat  fur  
Silk 
(]c~tton 
Wood 
A m b e r  
Resins  
Metals  
Polystyrene 
l 'o lyethylene 
Tct lon 
Cellulose Nitrate  

N O T E :  It is certain that this series will only be 
reproducible in rare instances, ( 'ondi t ions  snch 
as cleanliness and humid i ty  affect the series 
drastically.  The  mater ia ls  at the top of the list 
are positive v,'ith respect In those lower in the list. 

From Electrmtatics and its Applications by A. D. Moore,  J o h n  Wiley and 
Sons, 1973, p. 67. 

1988 Edition 



A P P E N D I X  B 7 7 - 2 7  

A p p e n d i x  B Glossary of Te rms  

77m Appen&x is not a part of tkc recommendatzons of this NFPA document, 
but is included for i*~formation purposes only. 

Words or terms found in the dictionary are not defined 
here. The following technical words have been defined here 
in terms of their usage in the field of static and their usage 
in this manual .  Theretbre,  the definitions are not neces- 
sarily of a general or complete nature. 

Capaci tance.  Measured in farads or fractions thereof. 
Capacitance is something like a tank of air. Each ounce 
of air pumped into the tank raises the pressure in the tank 
a certain amount .  This amount  is determined by the size 
or capacity of the tank. In a tiny tank the pressure rise is 
large when a fixed amount  of air is introduced. In  a large 
tank the pressure rise is small when the same amount  of 
air is added. Naturally the air will remain in the tank un- 
til someone opens the valve to let it out or until  the tank 
bursts. 

To say this same thing electrically, electrons (like the 
air above) received by an electrically neutral body of 
material (tank) such as a man,  a car, or an airplane, raise 
the voltage (pressure) at a rate depending upon the sur- 
face area and shape of the body. The voltage is determined 
by the surtace characteristics (capacitance) of the body and 
the number  of electrons on this surface. The larger the body 
the more electrons are needed to raise the voltage a specific 
amount .  Hence the higher the capacitance of this body. 
Obviously a body that is large, like an aircraft, can receive 
and give up many electrons without a large change in volt- 
age. Thus,  it has a large capacitance. Likewise, a small 
body like a pin head can spare or take on only a few elec- 
trons, which will make large changes in voltage, and hence 
it has a small capacitance. The main  difference between 
the electrical charge and the air explanation is that with 
electricity the charge remains on the outside surface of the 
object while the air remains inside. 

Capacitance is measured in terms of " fa rads . "  Actu- 
ally, the farad is so t remendous a number  that it is easier 
to talk about millionths of a farad or "microfa rads , "  and 
millionths of 1/I,000,000 of a farad or "picofarads ."  

Charge.  Measured in coulombs or fractions thereof. 
The static charge on a body is measured by the n u m b e r  
of separated electrons on the body (negative charge), 
or the number  of separated electrons not on the body 
(positive charge). Electrons cannot be destroyed, so ob- 
viously when an electron is removed from one body it must 
go to another body. Thus,  there are always equal and op- 
posite charges produced [leaving behind a positive ( + )  
void]. Since it would be awkward to say that there are 
6,240,000,000,000,000,000 electrons on a body we say in- 
stead that the body has a charge of one coulomb. A 
coulomb is simply a name for this specific quanti ty of elec- 
trons. In more convenient terminology, 1 coulomb = 6.24 
x 10 la electrons. In electrostatics a much more practical 

unit  is the microcoulomb, representing a charge of 6.24 
x 1012 electrons. 

Charge  Re laxa t ion .  The conductivity of a liquid 
determines the time taken for charge to dissipate to ground. 
When the liquid is in a grounded,  conductive container  

the relaxation time ' " r "  (time tor the charge to fall to 1/e 
or 37 percent of the original charge) is given by: 

T = £ £o x 1012 seconds 
K 

where "r = relaxation time (s) 
= relative permitt ivity of liquid 

t ° = permitt ivity of fiee space 
(8.85 x 10 - 1W/m) 

K = conductivity of liquid (pS/m) 

The lower the conductivity, the longer the relaxation 
time and the greater the ability of the liquid to hold a 
charge. If the charge is to fall to 5 percent of its original 
value, about three relaxation times are required and five 
relaxation times will reduce this to less than 1 percent of 
the original value. This derives from the relation: 

Q = Qo exp ( - i f ' r )  

where Q = charge at time " t "  
Qo = original charge 

Example: Assuming a liquid with relative permitt ivity of 
2 and conductivity of 50 pS/m, the relaxation time given 
in 4-1.7 is 0.35 s. The fraction of charge remaining  after 
one second is given by: 

Q - 1 
- exp 0.06 

Qo 0.35 

Since the charge has fallen to about 6 percent of its 
original value in about 1 second, a value of conductivity 
of 50 pS/m or more is usually sufficient to prevent hazard- 
ous charge accumulat ion in grounded equipment .  A liq- 
uid with conductivity of about 100 pS/m may be termed 
"high conduct ivi ty"  for most purposes. 

C u r r e n t .  Measured in amperes or fractions thereof. 
Just  as waterflow is measured in terms of the amount  of 
water that passes a certain point in a specific period of time 
(gallons per minute) ,  so too is the flow of electrons mea- 
sured by time. The flow is called current.  The current  is 
measured in terms of electrons per second, but since this 
n u m b e r  would be tremendously large, it is more conve- 
nient  to measure current  in terms of "coulombs per sec- 
ond . "  (See "Charge" for a definition of coulomb.) It was dif- 
ficult to keep saying "coulombs per second" so the word 
"ampere"  was developed instead. Thus "15 coulombs per 
second" became "15 amperes ."  

Ene rgy .  Measured in joules or fractions thereof. A 
spark is energy being expended. Energy is required to do 
work. The measure of energy takes several forms. Often, 
if it is physical energy, it is measured in foot-pounds or 
gram centimeters; if it is heat energy, it is measured in watt- 
seconds or, more easily said, in joules. A joule is quite a 
bit of energy. It is equivalent to being hit on the jaw by 
a four and one-half pound sledgehammer that has traveled 
about a yard in once second of time. This is quite a wallop. 
Static sparks do not usually have this wallop, and hence 
their energy is usually measured in thousandths of a joule 
(millijoule). A static spark needs a certain m i n i m u m  
amount  of energy to cause trouble, as is discussed in the 
text. 
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