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This edition of NFPA 482, Standard for the Production, Process- 
ing, Handling, and Storage of Zirconium, was prepared by the Com- 
mittee on Combustible Metals and acted on by the National Fire Pro- 
tection Association, Inc. on May 19, 1982, at its Annual Meeting in 
San Francisco, California. I t  was issued by the Standards Council on 
June 8, 1982; with an effective date of June 28, 1982, and supersedes 
all previous editions. 

Origin end Development of NFPA 482 

NFPA 482 was originally developed as a manual, under the 
designation NFPA 482M, Zirconium. NFPA 482M was prepared by 
the Committee on Combustible Metals and officially adopted by 
NFPA in 1959. It was amended in 1961 and the 1961 edition was re- 
confirmed in 1974. 

In reviewing the 1974 edition, the Committee on Combustible 
Metals determined that NFPA 482M could be rewritten as a stan- 
dard. Thus, where appropriate, all recommendations were expressed 
as requirements. Supplementary information was relocated to the 
Appendices. The text was also rearranged to comply with the NFPA 
Manual of Style. 



4 8 2 - 2  ZIRCONIUM 

Committee on Combustible Metals 

Andrew S. Prokopovitsh, Clmirman 
US Bureau of Mines 

L. H. Bradley, Viking Fire Protection Robert J. Krieger, Titanium Metals Corp of 
Associates Inc. America 

Rep. NAS & FCA John G. Pack, Commercial Union Assuran/:e 
Co. 

John Goudreau, Ansul Co. Rep. American Insurance Assn. 
Rep. Fire Equipment Manufacturers Assn. Wil l iam W. Stephens, US Bureau of Mines 

Alternate 

Phi l ip  T. Samueh, Kidde Belleville 
(Alternate to J. Goudreau) 

This list represents the membership at the time the Committee was balloted on the 
text of this edition. Since that time, changes in the membership may have occurred. 

N O T E :  Membersh ip  on a Commi t t ee  shall  not  in and  of itself const i tu te  an  
endorsement  of the Association or any documen t  developed by the Commi t t ee  
on which the m e m b e r  serves. 



CONTENTS 482-'3 

? 

C o n t e n t s  

C h a p t e r  1 G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  5 
1-1 Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482  -~ 5 
1-2 P u r p o s e  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  : . . . . 4 8 2 -  5 
1-3 D e f i n i t i o n s .  . . . . . . . . .  ' . . . . . .  . . . . . . . .  ~'~.. : . . . . . .  . .  4 8 2 -  5 

C h a p t e r  2 S p o n g e  P r o d u c t i o n .  . . . .  . . . . . . . . . . . . . . . . . .  . 4 8 2 -  7 
2-1 P l a n t  C o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  7 
2-2 P r o c e s s i n g  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  7 
2-3 S t o r a g e  o f  R a w  M a t e r i a l s  . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  7 
2-4 Dus t  C o l l e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  8 
2-5 F i re  P r e v e n t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  8 
2-6 F i re  P r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  9 
2-7 P e r s o n n e l  Sa fe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 0  
2-8 S p o n g e  S t o r a g e  a n d  S h i p p i n g  R e q u i r e m e n t s  . . . . . . . . .  4 8 2 - 1 1  

C h a p t e r  3 S p o n g e  M e l t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 2  
3-1 E x p l o s i o n  P r e v e n t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 2  
3-2 C a s t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 3  
3-3 F i re  P r e v e n t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 3  
3-4 F i re  P r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 4  
3-5 P e r s o n n e l  Safe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 4  
3-6 I n g o t  S t o r a g e  a n d  S h i p m e n t  . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 4  

C h a p t e r  4 M i l l  O p e r a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 5  
4-1 F i re  P r e v e n t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 5  
4-2 F i re  P r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 6  
4-3 P e r s o n n e l  Sa fe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 6  
4-4  Mil l  P r o d u c t  S t o r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 6  

C h a p t e r  5 Machining and F a b r i c a t i o n  . . . . . . . . . . . . . . . .  4 8 2 - 1 7  
5-1 M a c h i n i n g  O p e r a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 7  
5-2 P re s s ing  a n d  F o r m i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 7  
5-3 W e l d i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 7  
5-4 F i re  P r e v e n t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 7  
5-5 F i re  P r o t e c t i o n . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 8  
5-6 Dus t  C o l l e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 1 9  
5-7 P e r s o n n e l  Sa fe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 2  



4 8 2 - 4  ZIRCONIUM 

C h a p t e r  6 S c r a p  G e n e r a t i o n ,  P r o c e s s i n g ,  a n d  S t o r a g e  . . . .  4 8 2 - 2 3  
6-1 F i re  P r e v e n t i o n  a n d  S t o r a g e  . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 3  
6-2 P e r s o n n e l  Sa fe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 3  

C h a p t e r  7 P o w d e r  P r o d u c t i o n  a n d  U s e  . . . . . . . . . . . . . . . .  4 8 2 - 2 4  
7-1 S h i p p i n g  a n d  S t o r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 4  
7-2 H a n d l i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 4  
7-3 F i re  P r e v e n t i o n  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 4  
7-4 F i re  P r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 5  
7-5 P e r s o n n e l  Safe ty  P r e c a u t i o n s  . . . . . . . . . . . . . . . . . . . . .  4 8 2 - 2 5  

Appendix  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 2 -  26 

Appendix  B Supplementary Informat ion  on Zirconium . .  4 8 2 - 3 2  

Appendix C R e f e r e n c e d  P u b l i c a t i o n s  . . . . . . . . . . . . . . . . . .  4 8 2 - 3 9  



I 

GENERAL 4 8 2 - 5  

Standard for the 
t - 

Production, Processing, Handling, and Storage of 
L 

Zirconium 

NFP~ 482-1982 

, I " NOTICE: An asterisk ( ) following the number or letter designating, a 
paragraph indicates explanatory n~aterial on that paragraph in Appendix A. 

Supplementary information on zirconium can be found in Appendix B. 
. . I  . Information on referenced pubhcau?ns can be found in Appendix C. 

Chapte[r 1 G e n e r a l  

1-1 Scope. This s tandard  s h a l l a p p l y  to the product ion,  process- 
ing, fabrication,  handl ing,  and  storage of zirconium. 

1-2 Purpose .  The  purpose of  this s tandard  is to call a t tent ion to 
the fire and  explosion hazards involved in the production,  process- 
ing, fabrication,  and  storage of zirconium and  to outl ine re- 
quirements  and  recommendat ions  for f i re  prevention a n d  protec- 
tion, as wel las  safe personnel practices. The  informat ion  is based on 
the present state of the art devdloped through more than  25 years of 
prodt/ction and  use in nuclear  reactors a n d  chemical  processing 
equipment .  The  purpose of thi~ s tandard  is also to provide manage-  . I . 

ment  with the necessary m f o r m a u o n  to develop a comprehensive 
I . . 

plan for personnel safety, fire and  exploston prevenuon,  and  fire and  
explosion protection. I 

, 

I 

1-3 Def in i t ions .  For the purpose of this s tandard,  the following 
terms shall have the meanings  given below. 

! 
Approved.  Acceptable to t he "au tho r i t y  having jurisdiction. ' . '  

NOTE: The National Fire Protection Association does not approve, inspect 
or certify any installations, procedures, equipment, or materials nor does it ap- 

. prove or evaluate testing laboratories. In determining the acceptability of in- 
stallations or procedures, equipment or materials, the authority having 
jurisdiction may base acceptance on compliance with NFPA or other ap- 
propriate standards. In the absence of such standards, said authority may re- 
quire evidence of proper installation, procedure or use. The authority having 
jurisdiction may also refer to the listings or labeling practices of an organiza- 
tion concerned with product evaluations which is in a position to determine 
compliance with appropriate standards for the current production of listed 
items. 
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Author i ty  Having  Jur isdic t ion.  The "authority having 
jurisdiction" is the organization, office.or.individual responsible for 
"approving" equipment, an installation or a procedure. 

NOTE: .The  phrase "authority having jurisdiction;' is used 'in NFPA 
documents in a broad manner since jurisdictions and "approval" agencies vary 
as do their responsibilities. Where public safety is primary, the "authority 
having jurisdiction" may be a federal~ state, local or other regional department 
or individual such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, electrical in- 
spector, or others having statutory authority. For insurance purposes, an in- 
surance inspection department, rating bureau, or other insurance company 
representative may be the "authority having jurisdiction." In many cir- 
cumstances the property owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, the commanding 
officer or.departmental official may be the "authority having jurisdiction." 

Ingot. T h e  product of an arc-melted sponge with or without the 
addition of other metallic alloying agents. 

Labeled. Equipment or materials to which has been attached a 
label, symbol or other identifying mark of an organization accept- 
able to the "authority having jurisdiction" and concerned with prod- 
uct evaluation, that maintains periodic inspection of production of 
labeled equipment or materials and by whose labeling the manu- 
facturer indicates compliance with appropriate standards or per- 
formance in a specified manner. 

List~l. Equipment or" materials included in a list published by 
an organization acceptable to the "authority having jurisdiction" and 
concerned with product evaluation, that maintains periodic inspec- 
tion of production of listed equipment or materials and whose listing 
states either that the equipment or material meets appropriate stan- 
dards or has been tested and found suitable for use,in a •specified 
manner. , 

NOTE: The means for identifying listed equipment may vary for each 
organization concerned with product evaluation, some of which do not 
recognize equipment as listedunless it: is also labeled. The "authority having 
jurisdiction" should utilize the system employed by the listing organization to  
identify a listed product. 

Sponge. A terrn used to identify the zirconium metal after it has 
been won from the ore, but before it is melted into an  ingot. 

Swarf. Finely divided metal particles produced by sawing and 
cutting operations. 

Zirconium. A metallic element  of very low toxicity used 
primarily in alloy form. 
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ChaptEr 2 Sponge Product ion 

2-1 Plant  Construction. 
2-1.1 Buildings housingreduct ion furnaces, boring and sponge 
crushing facilities, and magnesium refining operations shall be con- 
structed of noncombustible materials• Consideration shall be given 
to the provision of explosion venting, designed according to informa- 
tion contained in NFPA 68, Guide f o r  Explosion Venting,, and in the 
US Bureau of Mines Reports of Investigations 3722, 4835, and 4879. 

2-1.2 All buildings shall have I adequate ventilation• 

2-1.3 Building exits shall co]reply with NFPA 101 ® , Life Safety 
Code ® . 

2-1.4" Floors m reduction boring, and crushing braidings shall be 
noncombustible, preferably of concrete, brick, or steel plate• 

2-2 Processing Equipment .  ] 
2-2.1 Reduction furnaces shill be air-cooled or an alternative 
method Of cooling acceptable !to the authority having jurisdiction 
shall be used. Furnaces shall be kept dry and free of iron scale and 
other foreign material. " 

2-2.2 Fuel supply lines to gas- or oil-fired furnaces shall have con- 
trol valves at an easily accessible location remote from the reduction 
furnaces. " : 

2-2.3 Fans handling combustible dust or combustible gas and air 
mixtures shall be constructed in accordance with NFPA 91, Stan- 
dard f o r  the.Installation o f  Blower and Exhaust  Systems• 

i 

2-2.4 All electrically operated or controlled process equipment 
shall be installed in accordance with NFPA 70, National  Electrical 
Code ® ~ / - ~ 

• " , [ 

2-3 Storage of Raw Materials! , ,: 
I . 

2-3.1 Magnesium ingots for use m the Kroll process shall be stored 
in accordance with NFPA 48, S iandard foy the  Processing, Handl ing 
and Storage'of  Magnesium.. ,. ~ 

223.2 * Chlorine containers sh'all be handled ands tored  in accor- 
dance with recommendations published in The .Chlorine Manual:  
(See Append ix  C-1.2.) i . . . . .  "" ' 

I 
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2-3.3 Containers of zirconium tetrachloride (ZrCI4) shall be stored 
in a cool, well-ventilated, dry location away from areas of acute fire 
hazard. Containers shall be plainly labeled and tightly sealed until 
used. 

2-3.4 Acids in quantity shall be  stored in specially designed tank 
farms provided with personnel safety equipment. 

2-4 Dust  Col lec t ion .  

2 4 . 1 "  Magnesium chloride dust resulting from the boring and 
crushing of zirconium sponge shall be collected in bag houses or wet 
scrubbers. 

2-4.2 Bag houses for collection of magnesium chloride dust shall be 
kept warm and dry. 

2-4.3 Collectors shall be emptied daily. 

2 4 . 4  Bag houses shall not be used for collection of zirconium fines. 

2-5 Fire Prevent ion .  

2-5.1 Because of the great affinity of zirconium and magnesium for 
oxygen, particularly at elevated temperatures, and the potential for 
magnesium ignition in air, the reduction process shall be carried out 
in an enclosed, oxygen-free vessel. (See NFPA 69, Standard on Ex- 
plosion Prevention Systems.) 

2-5.2 Precautions shall be taken to always have available an ade- 
quate supply of inert gas to meet anticipated demand. A reserve sup- 
ply shall be available for emergency use. 

2-5.3 All pipes, valves, and fittings in. the inert gas distribution 
system shall be checked to ensure an uninterrupted flow of gas to the 
reactors and elsewhere, as needed. 

2-5.4 Since zirconium fines (normally, everything under 48 mesh) 
can be ignited by a small spark, accumulations of fines in crushing 
and drying systems shall be prevented. 

2:5:5 Sponge discharged from dryers shall be collected in lots no 
larger than tote bins or 55-gal (208-L) drums. The collection area 
shall be well ventilated and free of combustible material. A forklift 
industrial truck or other suitable handlingvehicle shall be available 
at all .times for quick removal of burning containers. Sponge con- 
tainers shall not be stored in this area. 
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2-5.6 All systems shall be thoroughly cleaned of zirconium fines 
and sponge before attempting maintenance work. All equipment 
and adjacent areas shall be cleaned before proceeding with any 
welding or cutting on the processing equipment or in the immediate 
area. 

2-5.7 All containers used to receive molten metal, molten 
magnesium, or molten magnesium chloride shall be thoroughly 
cleaned and dried before using. All pieces of magnesium metal shall 
be clean and dry when charged to reactors. 

2-5.8 Good housekeeping is essential. Supplies shall be stored in an 
orderly manner  with properly maintained aisles to permit regular in- 
spection and segregation of incompatible materials. Supplies of 
material in the reactor rooms and drying rooms shall be limited to 
amounts necessary for normal operation. 

2-5.9 Ordinary combustible material,  such as paper, wood, car- 
tons, packing material, etc., shall not be stored or allowed to ac- 
cumulate near furnaces, dryers, or other ready sources of ignition. 

2-5.10 Smoking and uncontrolled use of open flames shall be pro- 
hibited in all areas where zirconium sponge is bored, crushed, dried, 
or stored and in all areas where zirconium fines are produced or 
stored. Areas shall be clearly posted with "No Smoking" signs. 

2-5.11 Boring, crushing, and drying equipment shall be properly 
grounded to prevent accumulation of static electricity. (See NFPA 
77, Recommended Practice on Static Electricity.) 

2-6* Fire Protection.  
2-6.1" If  required by the authority having jurisdiction, automatic 
sprinkler protection, installed according to NFPA 13, Standard for 
the Installation of Sprinkler Systems, shall be provided for offices, 
warehouses, repair shops, and zirconium-hafnium separation units. 

2-6.2* For containment and extinguishment of zirconium fires, ap- 
proved extinguishing agents (see A-2-6.2) shall be provided in suffi- 
cient quantity and shall be stored in sealed containers. Such agents 
shall he kept in all areas where zirconium fines and sponge are bored, 
crushed, dried, blended, or stored. Shovels shall be stored with the 
agents, if needed for application. All extinguishing agent storage 
areas shall be clearly identified and easily accessible. 

2-6.3* Inert gas (argon or he l i um) to  prevent or extinguish zir- 
conium fires is practical only where the zirconium is handled in an 
enclosure. 
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2-6.4* Zirconium fines or sponge shall be segregated by storage in 
noncombustible drums or tote bins. Burning drums or tote bins shall 
be moved away from processing equipment and out of buildings as 
rapidly as possible. 

2-6.5* When a fire occurs in processing equipment, material feed 
to the equipment shall be stopped. The equipment shall be kept in 
operation,- if possible, until all burning material is removed. 

2-7 Personnel Safety Precautions. 

2-7.1" All personnel exposed to zirconium tetrachloride dust in zir- 
conium, tetrachloride plants, storage and transfer areas, and 
laboratories shall wear protective clothing, goggles, or face shields 
and shall carry approved respiratory protection at all times. 
Respirators shall be worn while drawing samples or making transfers. 

2-7.2 A supply of clean, soft rags shall be kept available in clearly 
marked areas in zirconium tetrachloride plants ,  laboratories, and 
storage and transfer areas. Safety showers shall be installed at critical 
locations. Eyewash fountains or bottles shall also be located at 
critical locations. 

2-7.3* Personnel working in chlorine handling or storage areas 
shall carry respirato/y protection at al l  times. Liquid chlorine shall 
be handled and stored in accordance with recommendations pub- 
lished in The Chlorine Manual. (See C-1,2.) 

2-7.4 Personnel involved in reduction furnace tapping, removal of 
molten magnesium chloride, and magnesium refining shall wear 
tight above-ankle shoes, flame-retardant clothing, heat-resistant 
gloves, and face shields. Respirators shall be carried at all times. 

• r 

2-7.5* Tight above-ankle shoes, flame-retardant clothing, heat = 
resistant gloves, and'face shields shall be worn by all personnel in- 
volved in magnesium refining and casting operations. Respirators 
shall also be carried at all times. " 

2:7.6" . Protective clothing, gloves, and respirators shall be worn by 
personnel.inyolved in the handling of magnesium chloride. Skin con- 
tacted by magnesium chloride shall be promptly washed with water. 

2-7.7 Chemical safety goggles or face shields and protective 
clothing sha!l be worn by all maintenance personnel when any joint 
or connection containing a potentially dangerous liquid or gas is be- 
ing opened. 
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2-7.8 To prevent potential explosions caused by inadvertently using 
high pressure compressed air in place of low pressure inert gas, fit- 
tings used on compressed air and inert gas line outlets shall not be in- 
terchangeable. 

2-7.9 Magnesium refining and casting operations shall be pro- 
tected from rain and all possibilities of water spillage shall be avoid- 
ed. 

228 Sponge Storage and Shipping Requirements. 
2-8.1 Long-term storage of zirconium sponge shall be in steel 
drums with tight-fitting clamp-on sealable lids, backfilled with 
argon. Short-term storage may be in tote bins holding not more than 
15,000 lb (67 925 kg). 

2-8.2 Dry zirconium fines shall be stored in tightly sealed noncom- 
bustible 5-gal (19-L) drums, backfilled with argon. 

2-8.3 Zirconium storage areas shall be kept free of combustible 
materials,, well ventilated, equipped with required fire• protection 
equipment, and plainly marked with "No Smoking" signs. Storage of 
drums shall be on steel pallets no more than two drums high. 

2-8.4* Transportation•of zirconium and zirconium fines or powder 
shall meet all applicable requirements of the US Department of 
Transportation's Hazardous Materials Regulations. 
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Chapter 3* Sponge Melting 

3-1 Explosion Prevention.  
3-1.1 The water supply to crucibles shall be continuously 
monitored by a system that will automatically interrupt power to the 
furnace upon a drop in water pressure or flow. An emergency sec- 
ondary source of cooling water shall be provided and shall be ac- 
tuated automatically by an interlock with power interruption. 

3-1.2 The use of a magnetic field to deflect the electric arc away 
from the crucible wall shall be considered. 

3-1.3 Water-cooled furnaces shall be located in a protective con- 
crete vault or the crucible and its water jacket shall be isolated to 
protect personnel and to minimize damage should an explosion oc- 
cur. 

$-1.4 The upper chamber of the furnace shall be provided with a 
pressure-relieving device, such as a rupture disc, to aid in safely 
relieving pressure should water enter the furnace. Means shall be 
provided to prevent influx of air through the pressure relief port. 
The release pressure of the rupture disc shall be 20 psig (137.9 kPa) 
maximum. Large low-pressure ports shall not be used. 

$-1.5 A minimum 2-in. (50.8-mm) clearance shall be maintained 
at all times between the electrode and the crucible wall by proper 
design and proper alignment of the electrode. 

3-1.6 The furnace shall be equipped with a device that continuous- 
ly senses pressure within the furnace and shall automatically inter- 
rupt power if the pressure rises to a minimum of 5 psig (34.5 kPa). 

3-1.7 The furnace shall be equipped with: 

(a) water flow, temperature, and pressure sensors on all cooling 
systems; 

(b) arc voltage and amperage recorders; 

(c) electrode position indicators; 

(d) furnace pressure sensors and recorders. 

Set point alarms shall be provided on all systems to warn of abnor- 
mal conditions. 
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3-2* Casting. 

$-2.1 Caution shall be used in the handling and storage of ingots 
which have been wetted during the melting process. Such ingots con- 
tain internal stresses which may cause them to shatter, even up to 
several days after being wetted. 

3-2.2 Suitable interlocks shall be provided to prevent operation o f  
the casting crucible without adequate coolant flow. 

3-2,3 Molds for  zirconium casting may be of metal, graphite, 
ceramic, or a combination of these materials. In all cases, molds 
shall be thoroughly dried and carefully stored to prevent accumula- 
tion of moisture in the molds. 

3-2.4 Mold breaks are inevitable. Therefore, the casting section 
shall be cooled or shall be sufficiently massive to accommodate a spill 
or both. 

3-3 Fire Prevention. 

3-3.1 Zirconium sponge and alloys shall be stored in drums or tote 
bins with lids in place at all times. 

3-3.2 Ordinary combustibles, such as paper, wood, cartons, pack- 
ing material, etc., shall not be stored or allowed to accumulate in 
sponge blending, melting, or casting buildings. 

3-3.3 Residue from melting furnaces, especially from first melts of 
magnesium reduced sponge, shall be moved outside the building and 
placed in steel drums or boxes for haulage to dumping, burning, or 
recycling areas. Collection boxes shall be kept a safe distance from all 
buildings. Other combustible wastes shall be placed in a separate 
noncombustible container and not mixed with melting residue. 

3-3.4 Dry dust collectors used in collecting fines from blending, 
splitting, and pressing operations shall be emptied daily. 

3-3.5 All sponge handling equipment shall be thoroughly cleaned 
before attempting any welding on the equipment or close to it. All 
welding shall be controlled by a permit system. 

3-3.6 All sponge handling and storage areas shall be clearly posted 
with "No Smoking" signs. 



482-14 ZIRCONIUM 

3-4 Fire Protection. 
3-4.1 Portable fire extinguishers shall be provided according to 
NFPA 10, Standard for Portable Fire Extinguishers. 

3-4.1.1" Only extinguishers suitable for use on Class D fires shall be 
used on metal fires. A water-base extinguisher (soda-acid, foam, or 
pressurized water) shall not be used. 

3-4.2 Small zirconium fires may be controlled by the use of dry 
metal powder, flux, or dry salt. (See A-2-6.2.) Burning material shall 
be removed from the equipment and the building as fast as possible. 

3-4.3* Automatic sprinkler protection, i(required by the authority 
having jurisdiction, shall be installed according to NFPA 13, Stan- 
dard for the Installation of Sprinkler Systems. 

3-5 Personnel Safety Precautions. 
3-5.1 Control consoles for water-cooled melting and casting opera- 
tions shall be located remote from melting areas and outside of fur- 
nace vaults. 

3-5.2 Personnel shall be prevented from entering furnace vaults or 
pits of water:cooled furnaces during melting operations. 

3-5.3 Personnel entering furnace shells to conduct inspections or 
repair work shall first make certain that any inert gas has been 
purged from the shell and that all pyrophoric residue has been re- 
moved. 

3-5.4 Personnel working around furnaces shall wear face shields in 
addition to other protective clothing when loading, unloading, or 
repairing furnaces. 

3-6 Ingot Storage and Shipment. 
3-6.1 Since all commercial zirconium ingots are round, special 
tongs shall be used for handling. 

3-6.2 When lying on the floor, ingots shall be kept in saddles to 
prevent rolling. 
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Chapter 4* Mill  Operations 

4-1 Fire Prevention.  
4-1.1 Good housekeeping shall be required. Ordinaryc0mbustibles 
shall not be stored or discarded around mill equipment or in working 
areas of mill operations, especially dry grinding operations where hot 
sparks are prevalent. 

4-1.2 Fuel lines to gas- or oil-fired furnaces or other heating equip- 
ment shall be equipped with emergency shutoff valves installed at an 
accessible location remote from equipment being served. All lines 
and fittings shall be inspected regularly to detect corrosion or 
mechanical damage that might permit leaks to develop: (See NFPA 
864, Standard for  Ovens and Furnaces.) ". 

4-1.3 Open tanks in which f lammable solvents are used for degreas- 
ing or pickling shall comply with NFPA 34, Standard for Dipping 
and Coating Processes Using Flammable or Combustible Liquids. 

4-1.4 When mobile bins on casters are used to transport oily 
crushed turnings, raw lathe turnings, or swarf, bin-to-floor ground 
straps shall be used to minimize possible sparking from static electri- 
city. Sawing, grinding, and cutting equipment shall also be ground- 
ed. (See NFPA 77, Recommended Practice on Static Electricity.) 

4-1.5 Oily crushed lathe turnings, raw turnings, and swarf shall be 
collected in closed-top metal containers and removed daily to a safe 
storage or disposal area. 

4-1.6 Forge presses, heavy grinders, and other milling equipment 
operated by hydraulic systems shall use a nonflammable oil. Oil leaks 
shall be repaired immediately and leakage kept to a minimum. 
Cleanliness shall be required i n areas where hot metal is handled or 
where sparks are produced and bits of scale are continuously being 
dropped. 

4-1.7 No welding or torch cutting shall be performed in the mill 
process area unless authorized by a permit system. 

4-1.8 Smoking shall not be permitted in operating, storage, O r 
disposal areas. 
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4-1.9 Nonflammable water-soluble coolants shall be used for wet 
grinding, cutting, or sawing operations. Coolant shall be filtered on 
a continuous basis and filter cake shall be removed daily to a safe 
storage or disposal area. 

4-1.10 Dry grinding and cutting operations shall be equipped with 
liquid precipitation separators and fume collection equipment. 
Sludge shall be removed daily to a safe remote storage or disposal 
area. Fume ducts shall be flushed with water at regular intervals. 
(See Section 5-6.) 

4-1.11 Swarf shall be packaged in small amounts of 1 gal (3.785 L) 
or less in work areas. Where containers of fines are stored awaiting 
final disposal, containers shall contain not more than 15 gal (56.8 L) 
of material. Container size shall be chosen so that a minimum of free 
space exists above the level of the cofitents. 

4-2 Fire Protection.  
4-2.1 Dry salt or dry powder suitable for use on Class D fires shall 
be used to control and extinguish zirconium fires. 

4-2.2 All mill buildings shall be provided with portable fire ex- 
tingnishers according to NFPA 10, Standard for Portable Fire Ex- 
tinguishers. (See A-3-4.1.) 

4-3 Personnel  Safety Precautions.  
4-3.1". Personnel operating mill equipment shall wear face shields, 
gloves, and proper protective clothing. 

4-3.2" In plants where swarf is commonly disposed of by burning, 
care shall be exercised in handling of swarf, selection of the burning 
area, and in the method used for ignition. 

4-3.2.1 The maximum quantity of heavy swarf burned at any one 
time shall be limited to a 4-in. (10-cm) thick layer. 

4-3.2.2 Fine swarf (less than 325 mesh or 44 microns) shall be 
burned in layers not more than 1 in. (2.5 cm) thick. 

4-3.3 Ignition shall be remotely initiated. 

4-4* Mill  Product  Storage. 

4-4.1 Finished products awaiting shipment shall be stored in an 
orderly manner  with adequate aisle spacing. 

4-4.2 The storage area shall be kept free of combustible materials. 
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Chapter 5 Machining and Fabrication 

5-1 Machining Operations. 
5-1.1 Zirconium may be turned, milled, bored, sawed, ground, or 
abrasive cut with standard metalworking equipment. 

5-1.2" Cutting tools shall be of proper design and shall be kept 
sharp for satisfactory work with zirconium. The use of water soluble 
cutting oils or forced dry air is considered standard for use with zir- 
conium. 

5-2 Pressing and Forming. 
5-2.1 Proper handling equipment and temperature controlled 
heating furnaces shall be used for hot forging of zirconium. 

5-2.2 Normal fabrication techniques.may be used for both cold 
and hot forming of zirconium. 

5-3 Welding. 
5-3.1 All welding of zirconium shall be carried out under an inert 
atmosphere, such as helium or argon, or under vacuum to avoid air 
contamination. 

5-3.2 Welding of small assemblies may be carried out in inert gas- 
filled chambers. 

5-$.$ Special shielding devices shall be used for larger  assemblies 
where chambers are impractical. 

5 4  Fire Prevention. 
5-4.1 Work areas shall be cleaned daily and residue from opera- 
tions shall be  removed to a safe storage or disposal area. Where 
vacuum cleaners are used, they shall be emptied frequently. 

5 4 . 2  Accumulations of swarf from sawing, grinding, machining, 
or abrasive cutt ing shall be cleaned up daily and removed to a safe 
storage or disposa ! area. 

, 
54 .$  Combustible materials shall not be discarded in containers' 
used for the collection of dust, swarf, or turnings. ~ 
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5-4.4 Combustible materials shall not be stored in zirconium work- 
ing areas. Oil spills shall be cleaned up immediately, particularly in 
areas where dry grinding is done. 

5-4.5 Smoking shall be prohibited in zirconium working areas or in 
scrap collection and storage areas. 

"5-4.6 No open flames or electric or gas cutting or welding equip- 
ment shall be used for repair of machinery or for other purposes in 
zirconium work areas while machinery is operating. 

5-4.6.1 If the use of cutting or welding equipment becomes ab- 
solutely necessary, all machines which produce fines or dust shall be 
shut down and the entire area where the cutting or welding is to be 
done shall be thoroughly cleaned to remove all accumulations of 
fines, dust, and other combustible material.  

5-4.6.2 The provisions of 5-4.6.1 shall also apply to fume exhaust 
and dust collection ductwork. 

5-4.6.3 All cutting or welding shall be done under the supervision 
of a responsible person who has adequate fire fighting apparatus at 
his disposal and who is thoroughly trained in its use. He shall be 
assigned no other duties during the cutting or welding operations. 

5-4.7 All scrap material shall be stored according to the re- 
quirements of Chapter 6. 

5-5 Fire Protect ion.  

5-5.1 Suitable extinguishing agents for zirconium fires shall be kept 
within easy reach of every operator performing machining, grinding, 
or other operations on zirconium. 

5-5.2 Extinguishing agents shall be kept in substantial containers 
with easily removable covers. A hand scoop shall be provided at each 
container for applying the agent. 

5-5.3 Containers of extinguishing agents shall be clearly labeled. 

5-5.4 Where automatic sprinkler protection is provided for areas 
where zirconium parts or assemblies are machined, fabricated, or 
stored, finely divided metal or swarf shall not be stored. 
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5-6 Dust Collection. 
5-6.1 Dust shall be collected by means of suitable hoods or 
enclosures at each dust-producing operation. The hoods or 
enclosures shall be connected to liquid precipitation separators and 
the suction unit installed so that the dust is converted to sludge 
without contact, in the dry state, with any high speed moving parts. 
[See Figures 5-6.1(a), (b), and (c).] " - .  

O:HAUSTER WITH 
TOTALLY ENCLOSED M O T O R ~  | SELF-OPENING 

INSPECTION & ~ " ~  W / 
CLEAN OUT DOOR ~ ~ UQUIO 

SLOPE DOWNWARD SLIGHTLY ~ ~ I II • II ' FULMINATOR 
TOW~O COULECTO~. \ I I~1 ~th. I-II II /PLATES 
M ~ E  OUCT AS SHOAT AS \ I PII I 1-')-I ~ / 
I~oS=et.E. \ ~ = ~ ' ~  I . ~ - / -U - ,o. ,o LEv,, 

\ I ~  / "  y l  CONTROL & 

XII I 
SElF H ~NII  FC'TdR / ~ N ~ N  I /  

( D ) \ .  V. 
\ ' - - ~ Y  I I  ~ - ~  I " / ; I . - - - - , ! ;  II OaECIPITATINC 

TO AVOID GRINDER / Y . . . . . .  / I ~ 
POCKET STAND 1 " I ~ ~ /  ~ LIQUID . 

Figure 5-6.1(a) Typical liquid precipitation separator 
for a fixed grinding unit. 

NOTE: This drawing is schematic and intended only to indicate some of the 
features which are incorporated in the design of a separator. The volume of all 
dust-laden air spaces is as small as possible. 

5-6.2 Connecting ducts or suction tubes between points of collec- 
tion and separators shall bec0mpletely bonddd and grounded. Ducts 
and tubes shall be as short as possible, with no unnecessary bends. 
Ducts shall be fabricated and installed according to NFPA 91, Stan- 
dard for the Installation" of Blower and Exhaust Systems. 
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Figure 5-6.1(b) Typical liquid precipitation separator for 
a portable grinding unit. [See Note under Figure 5-6.1(a).] 

5-6.$ Each dust-producing machine shall be equipped with its own 
dust-separating unit. 
Exception: With m u l t i - u n i t  machines, two dust-producing 
machines may be served by a single seParator. ' 

5-6.4 Not morethan four portal~le dust-producing machines in a 
single enclosure or stand may be served" by a single separator 
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/ 

Figure  5-6.1(c) Diagram of four  methods of precipitating 
dust used in  precipitators such as those shown 

in Figures 5-6.1(a) and  (b). 

5-6.5 The power supply to the dust-producing equipment shall be 
interlocked with the motor driving the exhaust blower and the liquid 
level controller of the separator so that improper functioning of the 
dust collection system will shut down the equipment it serves. A time 
delay switch or equivalent devices shall be provided on the dust- 
producing equipment to prevent starting of its motor drive until the 
separator is in complete operation and several air changes have swept 
out any residual hydrogen. 
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5-6.6 Systematic cleaning of the entire building which contains 
dust-producing equipment,  including roof members, pipes, con- 
duits, etc., shall be conducted daily or as conditions warrant. Clean- 
in.g shall be done with soft brushes and nonsparking scoops and con- 
tamers or by fixed suction pipe vacuum cleaning systems. 

5-6.6.1 Vacuum cleaning systems shall only be used if the dust col- 
lector is a liquid precipitation separator and if the suction piping 
system consists of mild steel pipe and standard recessed drainage fit- 
tings with a check valve at each outlet. Implements and hose shall be 
bonded and grounded. A rupture diaphragm shall be provided in 
the piping at its connection to the inlet side of the separator so that a 
possible explosion in the suction pipe system may be safely vented. 

5-6.7 Sludge from dust separators and vacuum cleaning system 
precipitators shall be removed daily. Covered, vented steel containers 
shall be used to transport collected sludge to a safe storage area or for 
disposal by mixing with sand (in a ratio of one part  sludge to five 
parts sand) and burial. 

5-7 Personnel Safety Precautions. 
5-7.1 Safety glasses or goggles and protective clothing shall be re- 
quired for all operating personnel. Maintenance personnel and 
material handlers shall wear hard hats and safety shoes. 

5-7.2 All working areas and aisleways shall be properly lighted and 
kept free of obstructions. 

5-7.$ Personnel working in dusty areas or operating dust- 
producing equipment shall wear respiratory protection. 

5-7.4 Welding and cutting areas shall be properly ventilated. 
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Chapter 6* Scrap Generation, Processing, and Storage 

6-1" Fire Prevention and Storage. 
6-1.1 Dry zirconium fines shall be kept dry for recycling or burn- 
ing. Such fines shall be stored under an argon or helium atmosphere 
in a sealed container. 

6-1.2 Fines~produced in wet operations shall be kept wet by storing 
under water or oil until disposal by recycling or burning. 

6-1.3 Each container shall be labeled to identify the type of scrap 
and its source. 

6-1.4 :Areas used for torch cutting of massive pieces of scrap shall 
be kept free oLcombustible materials. Swarf shall be collected daily 

• and removed to a disposal area. 

6-1.5" Oily lathe turnings and swarf, shall be stored in small 
covered containers no larger than bucket size in well-ventilated areas 
or in enclosed outside areas remote from buildings. 

6-1.6 "No Smoking" signs shall be posted around all scrap process- 
ing and storage areas. Only authorized personnel shall be allowed in 
these areas. 

6-1.7 Open storage of sheet, plate, forgings, or massive pieces of 
scrap presents no fire problems and shall be permitted. 

6-1.8 Fire protection requirements shall be as set forth in Section 
2-6. 

6-2 Personnel Safety Precautions. 
6-2.1 Personnel operating scrap torch cutting equipment shall 
wear gloves, face shields, high-top shoes, and protective clothing. 

6 - 2 . 2  Personnel involved in pickling of massive pieces of scrap shall 
wear gloves, face shields, and protective clothing. 
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Chapter 7* Powder Production and Use 

7-1 Shipping and Storage. 
7-1.1 Because of the f lammable and explosive nature of zirconium 
powder, special precautions shall be observed. 

7-1.1.1 Zirconium powder shall be shipped in steel containers 
which have been filled in a chamber filled with argon or the con- 
tainer shall be backfilled with argon before sealing. Care shall be 
used to not disturb the powder and to keep the argon in the Con- 
tainer. 

7-1.1.2 The powder containers shall be packed within a similar 
steel container. 

7-1.2 Containers of zirconium powder shall be stored in well- 
ventilated areas, kept free of combustible material ,  and protected 
from damage. 

7-2" Handling. 
7-2.1 Special care shall be taken to prevent spills or dispersions that 
may produce dust clouds. Requirements of Section 7-1 shall be com- 
plied with. 

7-2.2 Special temperature controls shall be required on sintering 
furnaces handling zirconium parts fabricated from powder. Powder 
or dust shall not be allowed to accumulate in the furnace or near the 
heating elements. Furnaces shall be provided with inert atmospheres 
or shall be operated under vacuum. 

7-3 Fire Prevention. 
7-3.1 All electrical equipment in production, drying, and packing 
areas shall be approved for Class II, Group E atmospheres and shall 
be installed according to the requirements of NFPA 70, National 
Electrical Code. 

7-3.2 Nonsparking tools and utemils shall be used in handling zir- 
conium powder in normal atmospheres. All metal objects or equip- 
ment shall be properly bonded and grounded to prevent accumula- 
tions of static electricity. (See NFPA 77, Recommended Practice on 
Static Electricity.) 
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7-3.3* All mixing and blending of dry zirconium powder shall be 
done in an inert atmosphere of argon or helium. Oxygen content of 
the inert atmosphere shall be monitored, with alarms set to sound 
when the oxygen content exceeds 1.0 percent. 

7-3.4 All possible precautions shall be taken to prevent the forma- 
tion of dust clouds and to eliminate sources of ignition. 

7-3.5 Where zirconium powder presents a dust explosion hazard, 
the requirements of NFPA 651, Standard for the Manufacture of 
Aluminum and Magnesium Powder, shall be complied with. 

7-3.6 Smoking shall be prohibited in any area or room where zir- 
conium powder is produced, handled, packaged, or stored. 

7-3.7 Electric arc or gas torch welding shall not be permitted in any 
room where zirconium powder is produced, handled, packaged, or 
stored until all powder has been removed and all equipment 
thoroughly cleaned. 

7-4 Fire Protection. 
7-4.1 Very small fires in zirconium powder shall be controlled and 
extinguished using agents approved for Class D fires. Burning zir- 
conmm powder shall be isolated as m u c h  as possible to prevent 
spread of fire. " 

7-4.2 High pressure streams or fog streams of water shall not be 
used to extinguish fires in zirconium powder. Water  may be used 
with extreme caution where copious amounts may be quickly applied 
to the powder. 

7-4.3 A fire within an individual container may 'be  extinguished or 
controlled with a flush of argon gas. 

7-5 Personnel Safety Precautions. 
7-5.1 Personnel handling dry zirconium powder in th e open air 
shall wear nonspark!ng shoes and noncombustible or flame- 
retardant clothing without pockets, cuffs, laps, or pleats in which 
powder may accumulate; 

7-5.2 Personnel shall also use goggles Or face shields that will pro- 
vide protection against flash burns. 
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Appendix  A 

This Appendix is not a part of the requirements of this NFPA document, but is in. 
cluded for information purposes only. 

A-2-1.4 Floors should be slightly crowned to prevent accumulation 
of water in the vicinity of reduction furnaces. 

A-2-3.2 Chlorine is a toxic nonflammable gas. (For hazards, see 
N F P A  49, Hazardous Chemicals Data.)  It exists in both the liquid 
and gaseous phases in pressurized containers. All containers used in 
the transportation of chlorine, as well as the means of transportation, 
are controlled by the US Department of Transportation. 

A-2-4.1 Dry cyclone collectors are recommended where sponge is 
continuously, fed from dryers. 

A-2-6 Water  and other liquids have proven ineffective in ex- 
tinguishing zirconium sponge fires. Streams of water  intensify the fire 
by feeding oxygen to it. There is also the possibility of causing a 
steam or hydrogen explosion, particularly if large amounts of sponge 
are involved. The great affinity of high-temperature zirconium for 
oxygen will free a considerable amount of hydrogen which may reach 
explosive concentrations in confined spaces. Entrapment of water 
under any burning or hot metal  may result in a steam explosion. 
Where water has been applied in copious quantities by dumping a 
tankful of water or by using a large heavy stream, fire control is possi- 
ble. However, fire fighters and production personnel must be trained 
in such techniques. 

A-2-6.1 While automatic sprinklers are desirable for the areas 
noted, they are specifically not recommended for installation over 
sponge production areas, crushing, leaching and drying operations, 
chlorinators, magnesium refining equipment,  blending operations, 
or sponge storage areas. 

A-2-6.2 ' Covering a zirconium fire to reduce or remove the oxygen 
supply will slow the burning rate so that eventual extinguishment oc- 
curs. A few salts or mixtures are effective for this purpose, including 
commercial dry extinguishing powders approved for use on Class D 
(combustible metal) fires, dry sodium chloride, and a dry fluxing 
compound consisting of potassium chloride, magnesium chloride, 
and calcium fluoride. (CAUTION: Sodium chloride is highly 
hygroscopic and should be stored in a warm, dry area.) 

A-2-6.3 Inert gas is not practical for extinguishment of zirconium 
fires. 
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A-2-6.4 Application of dry salt or a dry powder will tend to 
minimize the fire and contain it, but any container in which a fire oc- 
curs will usually become a total loss, along with the material con- 
tained. 

A-2-6.5 Keeping the equipment in operation until all burning 
material is removed actually reduces damage to the equipment. 
Small amounts of burning material can be handled with a shovel to 
facilitate removal. 

A-2-7.1 Zirconium tetrachloride in contact with moist air or water 
hydrolyzes to form hydrogen chloride gas and hydrochloric acid. 
Hydrogen chloride is toxic and highly irritating to the respiratory 
tract. If not immediately removed, zirconium tetrachloride in con- 
tact with the eyes or skin will result in a double burn, one caused by 
the acid, the other caused by the heat of reaction. Any skin that is 
contacted by zirconium tetrachloride must be wiped immediately 
and then flushed with a large amount of water. Eyes splashed with 
zirconium tetrachloride must also be flushed with copious amounts 
of water. 

A-2-7.3 Chlorine gas is highly irritating to the eyes and respiratory 
tract. Canister-type gas masks are only effective to a maximum con- 
centration of 1000 ppm. 

A-2-7.5 Molten magnesium presents a potentially dangerous fire 
and fume hazard, in addition to an explosion hazard, if contacted 
with water. 

A-2-7.6 Magnesium chloride dust can be highly irritating to the 
skin, especially if perspiration is present. Also, magnesium chloride 
will readily absorb moisture to create a slipping hazard. 

~-2-8.4 At present, there are no special requirements set by the US 
Department of Transportation for shipment of sponge. However, it is 
common practice to ship sponge in 55-gal (208-L) metal drums with 
tightly sealed, clamp-on lids, backfilled with argon. 

A-$ Unlike other metals which can be melted, cast, or molded 
without unusual complications, zirconium, because of its strong af- 
finity for oxygen, hydrogen, and nitrogen and its tendency to become 
contaminated, must be melted in special water-cooled copper 
crucibles under a moderately high vacuum or an inert gas blanket of 
dry argon or helium. 
-. During the 1950s, several titanium melting furnace explosions oc- 
ci~rred when water inadvertently entered the melting crucibles dur- 
ing the melting operation. A similar hazard exists with zirconium. 
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Thi'ee distinct types of explosions were evident: steam explosions pro- 
duced by water contacting molten metal; chemical reactions between 
the molten metal and water; explosions of free hydrogen generated 
by the chemical reaction. Also, if air entered the crucible at the same 
time, an air-hydrogen explosion would sometimes occur. All three 
types of explosions could occur in t he same  incident. The explosion 
hazard is present with both consumable and nonconsumable elec- 
trode furnaces which use water as the coolant. 

A-3-2 The general process for shape casting of zirconium is the 
"skull-casting" process where the material to be cast is melted as a 
consumable electrode in a tilting crucible. The power applied.is nor- 
mally somewhat higher than typical for ingot mel t ing  in order to 
develop a deep pool of molten metal. At the appropriate time in the 
melting cycle, the electrode is withdrawn and the casting poured. 
Vacuum or inert gas is provided. to protect the metal  from at- 
mospheric contamination. The furnace crucible is made of copper 
and has water cooling. Due to the high power levels used, seams in 
the crucible should not be visible to the electric arc or the molten 
metal. 

A-$-4.1.1 Water-base extinguishers suitable for use on Class A fires 
should only be used on fires in ordinary combustibles. Extinguishers 
suitable for Class B fires are recommended for fires in oil, grease, 
and most f lammable liquids. Extinguishers suitable for Class C fires 
should be used for fires in electrical equipment.  

A-$-4.$ Automatic sprinkler protection is not recommended f o r  
buildings housing blending and melting operations. " • • 

A-4 Forging remains the most popular  method of forming zir- 
conium because it is generally simpler and less costly than other 
forming processes. Gas or electric furnaces with accurate heat con- 
trol are used to heat the metal into the proper forging range, which 
may vary from 1600 to 2300°F (871 to 1260°C). The rate of heat-up 
and final temperature must often be precisely controlled to achieve 
specific metallurgical and physical properties. Slabs, billets, and bar 
stock are produced by forging. " 

Large roUnds of zirconium are produced by lathe turning or by 
grinding forges. A considerable amount  of zirconium strip, coil, and 
duct, down to foil thickness, is produced from slabs on both con- 
tinuous and hand mills. Wide sheets and plates of various thicknesses 
are produced on hand mills or plate rolling mills. Tempera ture  con- 
trol during rolling is important.  Shearing and straightening opera- 
tions are necessary to trim sheet and plate to size, to' straighten or 
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flatten plate, or to straighten forged bar stock or extrusions. Zir- 
conium wire is produced from coils Of rolled bar by drawing opera- 
tions. Fastener stock is produced from coils of wire. Zirconium tub- 
ing is produced by inert gas seam welding of rolled narrow strip. 
Heavy wall seamless tubing is produced by extrusion; thin wall tub: 
ing is usually formed from extruded stock by tube reducing equip- 
ment. 

Special types of grinding operations are performed in mills: Swing 
grinders are used to spot-grind ingots, slabs, billets, and bar stock. 
Centerless grinders are used to finish round bar and fastener stock. 
Strip in coil form is ground continuously and sheets are individually 
ground. 

Cold saws and abrasive cut-off saws are used to cut billet and bar 
stock to length. Swarf, or finely divided metal particles, is produced 
by all sawing and grinding operations. 

A-4-3.1 The wearing of hard hats, safety glasses or goggles, and 
safety shoes is recommended. 

A-4-3.2 Zirconium swarf has been known to explode shortly after 
ignition, spreading fire to the mobile bin or transporting vehicle and 
a fa!rly large surrounding area. 

A--4-4 No special regulations apply to storage or shipment of zir- 
conium mill products. Packing and handling procedures are the 
same as for the more common ferrous and nonferrous metals. 
Automatic sprinkler protection is recommended for warehouses con- 
taining mill products packed in wood crates or paper casings. 

A-5-1.2 The use of forced dry air as a coolant results in less con- 
tamination to chips and has resulted in fewer fire incidents. While 
water-soluble cutting oils facilitate rapid removal of chips, they com- 
plicate recycling and disposal processes with respect to fire and ex- 
plosion hazards. 

Improperly designed or dulled tools may produce high 
temperatures at the interface, causingignition of the turnings, if an 
adequate coolant flow is not used. 

A-6 Generation of zirconium scra p from th e sponge and melting 
processes through milling and fabrication is an inherent part of the 
zirconium, business. Scrap sponge, including some fines, is generated 
in the reduction, boring, crushing leaching, and blending opera- 
tions due to contamination and spills. Solid pieces of scrap zirconium 
result in the melting process due to air or water contamination or due 
to malfunctions which cause interrupted melts. During milling and 
fabrication, solid pieces of scrap result from forge, we!ding, and 
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fabrication shops. Other scrap includes lathe turnings and sheet clip- 
pings. Swarf is produced by sawing and grinding operations. 

If scrap is to be accumulated for recycling, care must be taken to 
segregate the scrap by grade. Finely divided swarf is normally suffi- 
ciently contaminated that the zirconium cannot be recovered 
economically. 

Before recycling, lathe turnings and clippings are usually crushed 
and degreased with a water-soluble detergent. Solid scrap is more 
difficult to handle. In one process, large pieces are torch-cut, then 
tumbled to remove slag, after which they are descaled in a basic 
chemical solution, washed in a sulfuric acid bath, and water-rinsed. 
Hydrogenation and crushing complete the preparation for recycling. 
Another method of handling fairly large chunks of scrap is to weld 
them to the sides of consumable electrodes prior to melting. 

A more recent development is the nonconsumable electrode fur- 
nace for melting scrap into ingot form. Equipped with a continuous 
feed through a vacuum interlock, these furnaces are capable of han- 
dling scrap pieces of baseball size. 

A-6-1 The storage of zirconium fines has resulted in some spec- 
tacular fires and explosions with resulting injury and death to per- 
sonnel working in the storage area. Often, the cause has been loss of 
the liquid used to cover the fines. A monitoring program is therefore 
recommended to ensure that the liquid is not lost by leakage or 
evaporation. 

A-6-1.5 When stored in the open for any length of time, the water- 
soluble oils gravitate to the base of the pile. The water evaporates, 
leaving the oily residue. If  exposed to an ignition source, the oil may 
ignite and create enough heat to ignite the zirconium. Sparks from 
the blades of earth-moving equipment have been known to cause ig- 
nition, followed by an explosive reaction in piles of turnings. Where 
possible, it is recommended that swarf and other fines be burned to 
the stable oxide before disposal, storage, or shipment. 

A-7 Not all methods of producing metal powder are applicable to 
zirconium. Reduction of zirconium hydride and some forms of mill -~ 
ing are generally used to produce the limited amounts of powder now 
required commercially. (Ordinary methods of grinding produce an 
excessively oxidized product unsuitable for certain purposes.) To 
reduce oxidation and possible ignition hazards, the operation is 
always conducted in a chamber having an inert atmosphere of argon. 
The atmosphere is monitored for oxygen, with an alarm sounded 
when oxygen content exceeds 1.0 percent. The powder is sealed in 
metal containers in the chamber.  Subsequent removal of the powder, 
pressing, and sintering is also done in an argon-filled chamber or 
under vacuum. 
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Like many other metal powders, zirconium is capable of forming 
explosive mixtures in air. The ignition temperature of dust clouds, 
under laboratory test conditions with various samples, was 20°C. 
The minimum explosive concentration was 0.10 oz/ft s (0.10 kg/mS). 
In tests where energy was applied, powder exploded at concentra- 
tions of 0.04 oz/ft s (40.5 g /m  s) and 15 millijoules of energy. Max- 
imum pressure produced in explosions in a closed bomb at a concen- 
tration of 0.5 oz/ft s (0.5kg/m s) ranged from 47 to 66 psi (324 to 455 
kPa) . The average rate of pressure rise in these tests ranged from 
2350 to 3900 psi/sec (16,203 to 26,890 kPa/sec); the maximum rate 
of pressure rise ranged from 760 to over 7500 psi/sec (5,240 to over 
51,712 kPa/sec). The minimum energy of electrical condenser 
discharge sparks required for ignition of a dust cloud was 5.0 milli- 
joules; for a dust layer, the minimum value was 0.064 microjoules. 
Some samples of zirconium powder were ignited by electric sparks in 
pure carbon dioxide, as well as in air. In some cases, zirconium was 
found tO react at elevated temperatures in nitrogen as well as in car- 
bon dioxide. 

', A-7-2 The hazards of zirconium powder in powder metallurgy are 
similar to those associated with other combustible metal powders. 
The fire risk tends to increase with decreasing particle size. The fire 
risk may also be affected by the type of surface coating on the par- 
ticles. 

A-7-3.3 Tests reported in US Bureau of Mines Reports of Investiga- 
tions 3722 and 4835 indicate that the maximum oxygen concentra- 
tions allowed for different inert gases are: 

Carbon Dioxide 0 percent oxygen 
Nitrogen 4.5 percent oxygen 
Argon 4.0 percent oxygen 
Helium 5.0 percent oxygen 
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Appendix B Supplementary Information on Zirconium 

This Appendix is not a part of the requirements of this NFPA document, but is in- 
cluded for znformation purposes only. 

B-I History.  Klaproth first reported the discovery of the element 
zirconium in 1789, during his analysis of the precious stone called 
jargon. Other chemists confirmed his discovery and, in 1797, Vau- 
quelin reported on some of its properties and detailed its prepara- 
tion. At that time, it was called zirconia. Berzelius first isolated the 
impure metal in 1824, but it was not until 1925 that the ductile metal 
was produced by van Arkel and deBoer, using their hot wire reduc- 
tion process. 

A commercial scale production process for making ductile zir- 
conium was developed at the US Bureau of Mines Laboratories 
where Dr. Wilhelm Kroll served as consultant and advisor for the 
process which bears his name. 

B-2 Properties.  
B-2.1 Zirconium is a silvery-gray metal  having a close-packed hex- 
agonal crystal structure at room temperature.  At 862°C, the crystal 
structure changes to body-centered cubic. Both structures are very 
ductile and the metal is easily machined, rolled, and extruded using 
conventional equipment and methods. 

B-2.2 Some of the chemical and physical properties of  zirconium 
are as follows: 

Atomic Number  40 
Atomic Weight 91.22 
Atomic Radius 1.60 angstrom units 
Specific Gravity 6.5 
Melting Point 1850 °C 
Boiling Point 3580°C 
Electronegativity 1.6 
Valence + 4* 

*in most chemical reactions 

B-2.3 Zirconium has a very low capture cross-section for thermal 
neutrons, 0.18 barns. Its principal alloys, Zircaloy 2, 3, and 4, have 
outstanding resistance to corrosion in water and steam at high 
temperatures. These properties make zirconium desirable as a clad- 
ding material for fuel elements in water-cooled nuclear power reac- 
tors. However, it becomes embrittled and loses strength on long-term 
exposure to air at temperatures above 540 °C. 
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B-3 Combustibility and Explosibility. 

B-3.1 In laboratory tests, a dust cloud of fine particle s of zirconium 
(average particle diameter of 3.3 microns) ignited spontaneously at 
20 °C. Powder having an average particle diameter of 17.9 microns 
would not ignite under similar circumstances until heated to 350°C: 
Similar clouds in carbon dioxide had to be heated to 650°C for igni- 
tion to occur. In atmospheres of air and helium, at least 5 percent 
oxygen had to,be present to obtain spark ignition of zirconium dust 
clouds. 

B-3.2 Layers of zirconium powder on hot surfaces ignited at 190°C 
in air; at 620°C in carbon dioxide; and at 790°C in nitrogen. 

B-3,3 The minimum explosive concentration for zirconium dust in 
air was found to be 0.04 oz/ft 3 (40.5 g/m3). At concentrations of 1.0 
oz/ft 3 (1013 g/m3), maximum explosion pressure was 76 to 78 psig 
(524 to 538 kPa) and m~/ximum rate of pressure rise ranged from 
9500 to 10,000 psi/sec (65,500 to 68,950 kPa/sec). For further infor- 
mation, see US Bureau of Mines Reports of Investigations 3722 and 
4835. " 

B-4 Hazards.  
B-4.1 Zirconium and its alloys do not present serious risk when 
handled in most forms in which they are ultimately used, i.e., tubes, 
bars, and sheets. However, finely divided chips, turnings, or powder 
may be easily--sometimes spontaneously--ignited and may burn 
very rapidly.' Although other potential hazards exist during melting, 
those which have resulted in the most serious and lethal accidents 
have been associated with the handling of zirconium powders, finely 
divided scrap,, and so-called black reaction residues. For this reason, 
special precautions must be observed during handling or disposal of 
these materials. 

Several companies have reported that fires have occurred while zir- 
conium bars, plates, and other shapes were being .chopped. A 
number of fires have occui'red when hot or burning chips fell into ac- 
cumulations .of moist fines on or under lathes or milling machines. 
The most violent reactions have occurred, when burning chips fell 
into drums or deep containers partially filled with moist turnings or 
scrap. 

B-4.2 In the molten state, zirconium either dissolves or is con- 
taminated by every known .refractory. Slight contamination ap- 
parently has little effect on the flammable characteristics of chips, 
turnings, or powder produced in machining operations. However, 
such contaminations should be avoided because .of effects during 
acid treatment, in salt baths, or in radioactivity from materials ex- 
posed in nuclear reactors. 


