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Frank Ab Anderson 

PRfSFACE 

The increas ing  interest in and use of t he  ea-called "liquid metalsy'' 

espscj,ally in nuclear energy applkat ions ,  has r e su l t ed  i n  t h e  gradual de- 

velopment: during the past 25 years of D, considerable body of knowledge 
dealing with the characteristics of these materials and the techniques far 

t h e k  safe handling, To make per t inen t  b i t s  of t h i s  infornation available 

to  t h e  engineers, scientists, and t w h n i c b n s  who are concerned with t he  

use of l i q u i d  metals, t h i s  primer: has been prepared, 

placed on providing a background of information that  w i l l  give t h e  new- 
comer a sound, meaningful, and w r t i n g  i n s i g h t  into t h i s  field of interest, 

or, in s b p l e  words, t o  give h a  a "feel" Eor the sub jec t ,  

a c t u a l l y  w h a t  t h e  name suggests.  

treatise or a d e t a i l e d  des ign  or instruction booklet* 

Primary emphasis is 

The primer i s  

It is not intended to be a c h e m m  

INTRODUCTION 

The lOO=plus elements t h a t  make up all matter may be l oose ly  divided 

i n t o  two groups, t h e  metal% and the nametals, 

solids a t  or n k r  normal room t m p e r a t u r e s ,  have a silvery appearance (gold 

and copper are well-known except ions) ,  and are conductors of e l e c t r i c i t y ,  

Although mercury is the bes t  known liquid metal, several other metals aleo 

exist i n  the liquid state at or near t o m  temperatures,  

their melt ing poin ts ,  are cesium (83*F), gallium (86'F), and rubidium (102°F) 

Other metals that have r e l a t i v e l y  low melting points include potassium 

Most of the metals are 

Examples, with 

(146"P), sodium (208'F) e indim (311"F), and l i t h i u m  (354OF) b Mixtures, or 

a l loys ,  of sodium a d  potaeeium, usua l ly  designated by the  combined chemi- 

cal symbols NaK (pronounced "nack"), may have melting points as low as IIO'F, 

A msl t icompnent  a l l o y  (sodium-potassium-cesium) has been developed 

r e c e n t l y  that is reported to have a rne2tin.g point  of -lloO~,l 
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Five of these  l i q u i d  or near-l iquid elements have similar chemical 

prope r t i e s  an8 ire kmwn as t he  alkali  metals: 

potassium (K), sodium (Na) , and l i t h ium (Li) e 

many low-melting-paint a l l o y s  such as Nag, are now often r e fe r r ed  to 

loose ly  as the  "Piquid metalsr" 

are of bas ic  i n t e r e s t  t o  us i n  t h i s  primer. 

cesium (Cs), rubidium (Rb), 

These metals, p lus  t h e i r  

It is these metals and a l l o y s  that 

The s t e a d y  growth of i n t e r e s t  i n  the alkali metals during t h e  past 

two decades i s  due almost solely to the press ing  needs of the na t ion ' s  

nuclear energy and aerospace programs. I n  p a r t i c u l a r ,  the requirement 

fo r  high-temperature coolan ts  has focused a t t e n t i o n  on several, i n t e r e s t -  

ing characteristics of t he  a l M F  metals: (a) t h e i r  long l i qu idus  range 

(see Table I.), (b) their low vapor pressure  a t  high temperatures, 

(c) t h e i r  s t a b i l i t y  ( s ince  they are elements) , (d) t h e i r  l a w  s p e c i f i c  

grav i ty ,  (e) t h e i r  exce l l en t  heat- t ransfer  c h a r a c t e r i s t i c s ,  and ( f )  t h e i r  

compat ibi l i ty ,  when f r e e  of impuri t ies ,  with many of t he  "solid" m e t a l s  

and t h e i r  a l loys,  

Table 1. Selected Physical FrQpert ieS of t h e  A l k a l i  Metals 

Metal Cesium Rubidium Potassium Sodium Lithium 

Melting p i n t ,  O F  83 102 14 6 308 354 
Boil ing point ,  OF 1260 1270 1400 1618 2440 

Liquidus range, OF 1177 11 68 1254 1410 2086 

Speci f ic  g rav i ty  1,873 1,532 0,859 0,972 0,534 
p- 

As i s  usua l ly  the  case in m o s t  matters, a p r i c e  must be paid to  ga in  

the  advantages of t h e  alkali  metals, 

p r o p e r t i e s  t h a t  must always be borne i n  mind and given major coneiderat ion 

by the  equipment designer  and t h e  user .  

r e a c t i v e  (cesium i s  considered the  most chemically actiwe of a l l  the  

metals),  reac t ing  r e a d i l y  with oxygen, water, carbon dioxide,  many organic  

mater ia l s ,  a d  a number of materials of cons t ruc t ion .  These chemical char- 

acteristics obviously impose s t r ingen t ,  even severe,  l i m i t a t i o n s  on t h e  use 

and handling of t h e  a l k a l i  metals and t h e i r  a l loys .  

tians, however, experience has shown t h a t  t h e  alkali  metals can 

These metals have several. undesirable  

The alkali metals are extremely 

Despite these  l h i t a -  
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be used p ro f i t ab ly  and safe ly .  

of t hese  metals and a heal thy r e spec t  for t h e i r  properties--based on under- 

s tanding and no t  fear-will  help prepare newcomers t o  t h i s  f i e l d  t o  de- 

s ign  sound, safe equipment and t o  handle l i q u i d  m e t a l s  with e f f i c i ency  

and safety.  

A sound, basic  understanding of the  nature  

Succeeding por t ions  of t h i s  primer are devoted t o  b r i e f  d i scuss ions  

of t h e  important c h a r a c t e r i s t i c s  of t h e  alkali metals, to general  sugges- 

t i o n s  concerning basic design f ea tu res  of l i q u i d  metal f a c i l i t i e s ,  and t o  

recommendations for t he  s a f e  handling and use of these metals, Suggestions 

and recommendations r e f l e c t  t h e  genera l  s t a t u s  of t h e  a r t ,  not s p e c i f i c  

procedures or p r a c t i c e s  followed by c e r t a i n  research  i n s t i t u t e s ,  univers i -  

ties, governmental agencies,  or industrial e s t a b l i s b e n t s .  For s p e c i f i c  

recommendations pertaining to the various Oak Ridge f a c i l i t i e s  of t he  

U, S. A t o m i c  Energy Cormnissiun, t h e  reader  i s  urged t o  read the  Alkali 

Metals Safe ty  Guide, Report No. Y-811, Supplemental I ssue  of May 15, 196 lS2  

PROPERTIES OF THE ALKALI METALS 

Only those prope r t i e s  of t h e  alkali m e a l s  and t h e i r  alloys that are 
of general  concern and importance i n  the  design of liquid m e t a l  f a c i l i t i e s  

and i n  t h e  use and handling of l i qu id  metals are covered i n  t h i s  s ec t ion  of 

the primer. 

Physical  Proper t ies  

The alkali  metals have many physical prope r t i e s  i n  eommn. They a l l  

have a s i l v e r y  co lor  i n  the f r e e ,  unoxidieed state (cesium is  an exception, 

having a gold co lor ) ,  are good conductors of e l e c t r i c i t y  and hear, have low 
spe,cif ic  g r a v i t i e s  (or  d e n s i t i e s )  f o r  metals ( see  Table 1), have low melting 

and high boi l ing  po in t s  (see Table 11, and are s o f t  and e a s i l y  worked i n  the  

so l id  state. 

Color - 
Pure samples of a l k a l i  metals should have a clean metallic l u s t e r  and 

. sifvery co lo r  (with the  exception of cesium). 

m e t a l .  is either oxidized (see sect ion on Chemical Proper t ies )  or  i s  other- 

w i s e  contaminated * 

I f  t h i s  i s  not the case, t h e  
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E l e c t r i c a l  Conductivity; 

The electrical conduct ivi ty  of t he  alkali metals is good and may be 

used t o  advantage (a) by employing electromagnetic meters to  determine 

the  rates of flow of t he  molten metals through p ipe l ines ,  (b) by employ- 

ing electromagnetic pumps t o  pump molten alkali metals, and (c)  by 

u t i l i z i n g  e l e c t r i c a l l y  operated l i q u i d  level devices t o  sense the  l e v e l  

of l i q u i d  metals in s t a rage  tanks and surge pots, 

Thermal Conductivity 

The a l k d i m e t a l s ,  l i k e  most metals, are good conductors of heat-- 

a property t h a t  accounts f o r  many of t h e  uses  of t hese  substance8. 

Sodium has a thermal conduct ivi ty  comparable t o  n i cke l  and almost twice 

t h a t  of potassium. 

considerably higher than  t h a t  of t h e i r  var ious  NaK a l l o y s ,  

pecu l i a r  i n  t h a t  i ts  conduct ivi ty  does not vary g r e a t l y  with temperature. 

Sodium and potassium show a marked decrease i n  thermal conduct ivi ty  with 

increasing tempexaturea. 

Both of t hese  metals have conduc t iv i t i e s  that are 

NaK i s  

Speci f ic  Gravity 

The l i g h t  weight (low s p e c i f i c  g rav i ty  or density) of t he  l i q u i d  

alkali metals has t h e  advantage of reducing t h e  t o t a l  weight of l i q u i d  

metal systems and also makes i t  easy t o  t r a n s f e r  l i q u i d  metals by pressur- 

i z ing  (with an i n e r t  gas such as nit rogen,  helium, or argon) or "blowing," 

The l i g h t  weight a l s o  means that l i th ium,  sodium, and potassium w i l l  tend 

to  f l o a t  on water, on most aqueous so lu t ions ,  and on some organic  l i qu ids .  

It i s  important that t h i s  f a c t  be considered when p lans  are formulated for 

f igh t ing  a l k a l i  metals f i r e s c  A mother ing  agent, fox ins tance ,  to  be ef- 

f e c t i v e  i n  quenching such a f i r e ,  should e i t h e r  f l o a t  an, or be capable of 

forming a product that w i l l  f l o a t  on, the  molten metal. 

B Q i f i r E g  Point 

The high boi l ing  po in t s  of t he  l i q u i d  a l k a l i  metals, i n  comparison t o  

the  boi l ing  po in t s  of organic  l i q u i d s ,  mean t h a t  t h e  vapor pressures  of 

these  materials w i l l  be low a t  most temperatures of cur ren t  i n t e r e s t ,  

Even at temperatures as high as 180Q°F, for example, a l m o s t  2Q0°F above 
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its nomtal b o i l i n g  point, sodium Ius 8 vapor  p re s su re  less than 3 atmos- 

pheres 

systems, an obvious advancage i n  design,  

Molting Point 

Most liquid aZkaLi metal systems, therefwe, are l o w  pressure 

As l o w  as the. melting p d n t s  of the liquid alkali metals  ater they 

are above normal room temperatures (with the  exception of cosium and s m e  

P?aK a l l o y s ) .  

tures i n  liquid alkali metal systems drop too Low, and plugging of the 

systun or  parts thereof will eventually take place, 

must especially b e  guarded agaiast: i n  instrument l i n e s  and i n  other 

system branches in which flow does not normally o ~ e u r ~  

an advantage e x i s t s  i n  that "freeze-seal" techniques can b e  used a3 

necessary to seal off or to block l i q u i d  metal  systems, 

T h i s  rr,cans that f reez ing  crf thc metal w i l l  occur if tempera- 

This possibility 

A t  the ssnle time, 

The solid alkali uetals are s o f t  enough so that they can be cut w i t h  

Thi s  softness, combined with the low melting r e l a t i v e  ease with a kn i fe ,  

points o€ the m e C a l s ,  is advantageous when disassembling equipment that 

has been incompletely drained. 

Chemical Properties 

Because of the similar electronic structure of the atoms of the alkal i  

metals, each atom having one electron i n  its auter sheli ar o r b i t ,  the 

chemical. properties of these metals are very similar, 

ewes  i n  the chemical properties frora one alkali metal t o  the next repre- 

sent gradual transitioris rather than abrupt changes e 

knwledge a€ the chemistry of any one alkal i  metal provides general knowl- 

edge of the  chemistry of alL these metals, 

characterizes the a l k a l i  metals-their extreme r e a c t i v i t y ,  

atoms lose their s ing le  outer electrons readily,  

easily oxidized and thus are good reducing agentse 

Reactions with Q W J  

In general, difect-  

Thus, speeif ic 

One highly important property 

The alkali  

In other words* they are 

If pi represents an atom of any alkali metal, the following s i m p l i f i e d  

eqtiation may be used to s h o w  one typical. reaction of the metal w i t h  oxygen: 
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Depending on the particular a l k a l i  metal involved and other factsrs such 

as &:he temperature <and whethe%:  or not the oxygen is dry or m o i s t ,  %he 

reaction may p r o w  

brilkianft ly ,  S~dfui~i ,  for instance, reacts readily with tile oxygen of 

S ~ O W ~ Y  a d  almost Smpexcepta,bly or rapidly and 

the airt i 3 t  T O Q ~  temperature to fom a th ick  coating of the white pxide 

b u t  will nat: i g n i t e  spantaraeawsly unt i l  i t s  temperature it; abut  115% 

(%39OF),  or about  30°F above i t s  melting point. 

0x1 the other hand, may i g n i t e  spontaneously i n  the atmosphere at r ~ m  

t ~ ~ ~ p e ~ a t u r e s ,  

con raise the temperature of the body and ulkirnateJy m e l t  it, 

temperature rises, the reaction increases i n  speed u n t i l  finally the 

metal i g n i t e s  a d  begins t~ burn, producing large volumes of a th ick ,  

white smoke, composed of the oxide (f.12FT) combustion product, N o t  a l l  

of the oxide i s  carried away as smoke, however; much of i t  remains he- 

hind at  the cmbustion s i te ,  Because ~ L Q  flammable vapcars"axe ~ I C ~ ~ U C C L ,  

as is the ease when wood, coal ,  oil, and other organic materials burn, 

the burning alkali metal does no% produce typical combustion flames, 

Plamas, if there are anyp are small, and may not be readily visible, 

A brilliant l ight  may be emitted from intense "hot spots," which are the 

collbilstion sitis  or areas, -In the ease of sodium, the hot s p o t  of burn- 

ing metab is L brilliant y s ~ ~ o n a ,  Once a mass o f  skim has ignited, for 

example, the temperature of the  l i q u i d  pool of metal will build up grad- 

ually and may &sch as high as the b o i l i n g  poin t  (1618OP) ,, Rubidium and 

Liquid N a K  formulations, 

The heat released by the reactton of a = l i d  aUcali metal 

As the 

, 

cesium, the less well-known and less used alkali metals, apparently do 

not. behave ent i re ly  l i k e  ~ C K I ~ U D I  an cambustiono3 

~ L V ~ K S C X I ~  " 

ACXOZXI -~~~  to ~ogers and 
- ,burning charakteristies of the anetals (alkali) , ,axe 8 function 

0% ( t k ~ i s )  oxiae r;oiubiiity e E o l t  

Although the voluminous white  smoke produced frm the burning a l k a l i  

er o f  explosion f ~ o m  the burning metal. Laolcs threatening, there i s  no da 

mesal. i t s e l f ,  The white smoke, however, i s  dangerous, because the hot 

oxide particles are very reactive and will readily combine w i t h  moisture 

ill tale a i r ,  0% 88a t h e  Skin, or frC0R-l any Other SCPUrC&o 
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TIE a l k a l i  hydroxide, MXi, i s  a s t rong c a u s t i c  t h a t  w i l l .  "burn" skin,  

eyes ,  and o the r  t i s s u e b  Lung t i s s u e  can be severely damaged by this 

and o ther  c a u s t i c  material, Obviously, t he re fo re ,  personnel who are 

f igh t ing  an alkali metal f i r e  or who are i n  t h e  v i c i n i t y  of a Eire should 

minimize exposure t o  the  smokee 

anism i n  that the fumes normally cause discomfort: to eyes, skin, and nose 

w e l l  before overexposure or  excessive concent ra t ions  occur 

pro tec t ive  c lo th ing  and breathing apparatus  should be used by personnel 

who f i g h t  these  f i r e s  un le s s  t h e  f i r e s  are very small and not  l i k e l y  

t o  spread. 

Nature has provided a protective mech- 

However , 

Bath a l k a l i  oxides  (M20) and hydroxides (140H) are powerful corro- 

sives and will attack t i s s u e ,  c lo th ing ,  and many materials of construc- 

t i o n ,  Because these substances are r e a d i l y  so luble  i n  water, washing 

affected areas with large volumes of water is  immediately bene f i c i a l .  

-volumes of water must be used t o  keep t h e  concentration of the re- 

s u l t i n g  hydroxide s o l u t i o n  so low t h a t  t h e  so lu t ion  w i l l  not cause t rouble .  

Although the alkali metals w i l l  ignite spontaneously when heated i n  

t h e  atmosphere, it has been reported that they can be heated t o  t h e i r  

melting points i n  an  atmosphere of dry oxygen without reactiono Once 

The metal is  molten, spontaneous i g n i t i o n  soon fol lows in most instances, ,  

I g n i t i o n  may occur over a s i g n i f i c a n t  temperature range, depending on t h e  

specific metal involved 

nature af t h e  surface, the amount oE material. present and i t s  degree of 

d i spers ion ,  and t h e  oxygen concent ra t ion  of t h e  surrounding atmosphere. 

Sodium, * fo r  example, w i l l  not burn i n  an atmosphere conrain5ng less than  

abaut: 5% oxygen, a l though it may cont inue to react and t o  produce some 

smoke, 

the humidity of t h e  surrounding atmosphere, t h e  

Excluding oxygen, therefore, i s  t h e  bas i s  for one method of f fght-  

ing a l k a l i  m e t a l ,  as well as ottner, fires. 

Although the chemical p r o p e r t i e s  of the a l k a l i  m e t a l s  are similar, as 

previously s t a t e d ,  t he re  are d i f f e r e n c e s  that shauld be recognized, Whereas 
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sod.itm reacts wi th  oxygen sf the a ir  to form the oxide, Na$, potrpssium 

react.58 t o  form the peroxide: 

T h i s  peroxide, under certain circumstances, can react explosively with 

organic mteria3., 

praihlttce to keep the alkali metals away from organic materials, 

As a general. safety precaution, thus, i t  is goad 

Reaction w i t h  Water 

The alkali metals ~ e a c t ;  v io lent ly  with water, usually with an acccm- 

paslying explosion caused by the secondary reaction of the l i b e r a t e d  hydro- 

gen w i t h  the oxygen of t h e  air .  

The heat l i b e r a t e d  by reaction (4) is suf f i c i ent  ta cause reaction ( 5 )  t o  

occur, When explosion occurs, the unreacted metal is usually scattered 

over 8 wide area, where it Cal l  Cause further trwbla,  In view Of the 

foregoing, it is a cardinal rule when handling the a l k a l i  metals to keep 

t h e m  completdE isolated from water OK aqueous solutions.  

when Eighting alkali aetal fires that water or water salutfon fire ex- 

Cinguishing agents such as the soda-acid-foam types must never be used. 

ThPs means, too, 

It is Lntaresting to note that investigators at Mine Safety  Appliances 

Company, Gallery, Penn~ylvanka,~ have shown Chat S O C I ~ U ~  can be disposed of 

safely u d e r  water by forcing the molten metal (at 350°F) through an "open 

end" annulus at Ksynald's numbers over 45,000 pnavided a minimum water 

aeptil  of i o  xt, i s  used,  

T1Leactian with Steam 

Altkaanagli water and -steam are ident ica l  so Ear as chemical conposition 

i s  concerned, steam. does not neceasarily react w i t h  the alkali metals with  

the sane physical. effect a s  does water, The hydrogen resulting from the 
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r eac t ion  is often s u f f i c i e n t l y  diluted so t h a t  t h e  danger of an explo- 

s i v e  reaction with oxygen from t he  air is g r e a t l y  minimized. 

(seeam free of condensed water), therefore ,  is  extens ive ly  used t o  clean 

apparatus or p i p i n g  containing sodium, The steam not  only d i l u t e s  t he  

by-product hydrogen but also helps to exclude sxygen from t h e  r eac t ion  

site and to  dissipate t h e  heat: of the  reac t ion .  To increase f u r t h e r  t h e  

sa fe ty  of this  operat ion,  an i n e r t  d i l u a n t  gas such as ni t rogen  or argon 

might be mixed with the  steamr 

stem cleaning of apparatus,  e spec ia l ly  when r e s t r i c t e d  passages are in- 

volved, must always b e  carried out with  the exercise of due precautions, 

€or  wen though no chemical explosion might occur, by-product hydrogen might 

accumulate and bui ld  up enough pressure  t o  fracture explosively t h e  unit 

being cleaned , 

Reaction with Carbon Dioxide- 

& steam 

It goes without; saying, however, that the 

Tha reactions af t h e  alkali metals and carbon dioxide are complex 

bur probably can be simply and adequately summarized as follows: 

P r inc ipa l ly  because of r eac t ion  ( 6 ) ,  it is not  advisable  to use  carbon 

dioxide as an  ext inguishant  on alkali  metal f ires ,  

not only t he  highly caustic oxide, M20, but; also poisonous carbon manoxide, 

GO, The formation and accumuLation of CO in a laboratory or in a closed 

environment raises the p a s s i b i l i t y  of asphyxiat ion of operat ing o r  f i r e -  

€ igh t ing  personnel who might be trying, t o  ex t inguish  an alkali metal f i r e  

Reaction ( 6 )  produces 

with COza 

Reaction with Carbon Tetra.c.hloride 

The reaction of the a l k a l i  metals with carbon t e t r a c h l o r i d e  (CC14) 

and other halogenated hydracarban (i..e,, t r ich loroe thylene)  is character-  

i zed  as being of explosive v io lence ,  Consequently, i t  is considered 

sound design practice to  isolate completely the  a lka l i  metals from these 

materials. lkrthermore, there is  the p o s s i b i l i t y  that deadly phosgene 
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gas can form when G C l 4  i s  used on an alkali metal f i r e ,  

t e t r ach lo r ide  or t he  f a m i l i a r  Pyreue-type o f  fire ext inguishants  are 

forbidden for usc  on a l k a l i  metal f i r e s e  

Thus, carbon 

Reactions wi-t.h Adeahols 

The a l k a l i  m e t a l s  w i l l  react with a lcohols  i n  b a s i c a l l y  the  sane 

manner as they  react with water, but t he  reac t ion  proceeds more slowly, 

("R" represents an organic  radical such as CM3 (methyl), C2H5 (ethyl), 

C3M7 (propyl) , C4M9 (butyl)  , e t e o )  By using a l a r g e  volume of a l c o h o l  

with a mall amount of metal, the  r eac t ion  @an be con t ro l l ed  t o  provide 

a s a f e  means f ~ r  the disposa l  of waste alkali  metals, 

of c0urse,  because both hydrogen and heat are produced by the reac t ion ;  

and t h e  a lcohols  themselves are €1 able,  In general ,  t he  rate of the 

reaction decreases  as t he  molecular weight of t he  alcohol  increases ,  

Thus, f o r  instance,  t he  r eac t ion  w i l l  be markedly slower wick buty l  

a lcohol  (butanol-C~+HgOH) than with e t h y l  a lcohol  (ethanol-C2H$l€I) R e -  

cause the  chemical a c t i v i t y  of the  alkali metals increases  with increas- 

ing atomic weight, it i e  advisable ,  when disposing of waste alkali metals, 

ts use t he  higher weight aJlcohols with the  higher weight metals. 

a l s o  known t h a t  NaM alloys seact more vigorously with a given a l cohs l  

than does s d i u m ,  

kmwa t o  g ive  ;a smooth, safe r eac t ion  with sodium, i t  would be advisable  

t o  use a g rea t e r  amount sf a heavier ( i s e e l  higher nolecular  weight) 

a lcohol  for r eac t ion  with NaK,  

Care must be taken, 

It is 

If t he re fo re  a given mount of a c e r t a i n  a lcohol  i s  

Since the a lcohol -a lka l i  m e t a l .  r e ac t ion  is con t ro l l ab le ,  alcohols 

are often used ta free i n t r i c a t e  apparatus  or equipment frm alkali 

m e t i a l s o  Precautions should be taken t o  make c e r t a i n  t h a t  t h e  hydrogen 

re leased by the react-lon does not  accumulate and build up a p o t e n t i a l l y  

dangerous pressure,  The ROM cmpounds, or a lc sho la t e s ,  formed by the  

a lcohol -a lka l i  metal  reactLon are not considered as corros ive  as t he  

a l k a l i  hydraxides (ROII). 

They are corrosive, however, and should be handled with respec t  and care,, 

Thus they are not as dangerous t o  handle. 



a s  should all chemicals, 

s'mu2d be trashed of f ijnmediately 

If splashed on the skin and clothing,  they 

Inertness gp Noble Gases, .a W i t r o w  

The alkali  metals, reactive as they ate, w i l l  p& t a c t  with n i t ro -  

gsn (see comment about lithium t h a t  follows) or with any of t h e  elements 

col lect iveLy known a s  t h e  "nuble gases"--helirrm (He), neon (Ne), argon (A), 
krypton ( K r ) ,  and xewn (Xe), Hence, the readily a v a i l a b l e  and inexpensive 

ni t rogen gas and the t;,a most r e a d i l y  available and least expensive noble 

gases, helium and argon, are o f t e n  used as "cover" gases t o  exclude oxygen 

from t he  a l k a l i  metals, 

most c o m n l y  used s i n c e  n i t rogen  may react with the so8id, metallic 

components of a system to form n i t r i d e s  t h a t  alter the  physical properties 

of the system piping, tanks, and o the r  components, 

n i t rogen  w i l l  also reaca: with l i t h i m  t o  form l i t h ium n i t r i d e ,  thus  intro- 

ducing a contaminant in a l i q u i d  l ithium system, 

At: the higher temperatures, helium and argon are 

A t  h i g h  temperatures 

DESIGN OF L I Q U l D  ALKALI METAL EXPEBIMENTAL FACILITIES 

The des ign  cons idera t ions  and recommendations made here in  are based on 

experiences gained from t he  des ign  and opera t ion  of l i q u i d  a l k a l i  metal faeil- 

i t i e s  by numerous i n v e s t i g a t o r s  over the past 20 years or more. 

adherence to t h e  suggestions that follow should r e s u l t  i n  the design of 

f a c i l i t i e s  t h a t  are safe to  use and easy t ; ~  operate, 

Reasonable 

Experimental Apparatus 

I n  general ,  t h e  comments that follow apply t o  labora tory  bench-scale 

apparatus and l a r g e r ,  p i lo t -p lan t  f a c i l i t i e s ,  

Use driptrays under a l l  apparatus and equipment, If leakage or equip- 

ment failure shuuld occurt. t h e  t r a y  w i l l  confine t h e  molten alkali  m e t a l  to 

the experimental  area and make fire fighting easier, The protection so 

afforded concrete  floors will help  to prevent explosive spa l l i ng  of t he  

cancrete.  

metals could send showers of the molten metal over opera t ing  and f i r o -  

f i g h t i n g  personnel and over adjacent  areas, thus enhancing the p o s s i b i l i t y  

Spalling of concrete i n  direct ;  contac t  with burning allcalf 
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o f  damage r e s u l t i n g  from a fire, 

i t  e b u l d  be noted that the  oxides formed during an alkali metal fire may 

niigxate over t he  w a l l s  af a trey. 

that can draw l i q u i d  metal over the edge of t h e  tray and thus d r a i n  metal 

from t h e  t r a y .  

Although d r i p t r a y s  are extr 

This oxide possesses a "wicking" a c t i o n  

(For Eurther information, see reference 3,) 
Perforated flooring for dripfrays having a maximum open area of a b u t  

25 per cent have been shown t o  be e f f e c t i v e  i n  l i m i t i n g  t h e  access of air 

to  burning a l k a l i  metal, rhus serving to ex t inguish  t h e  f i r e ,  

Driptrays a r e  a lso use fu l  i n  helping t o  conf ine  f i r e - f igh t ing  chemi- 

cals and thus t o  improve t h e i r  e f fec t iveness ,  

Shields- 

Use metal s h i e l d s  that are f i t t e d  i n s ide  t h e  l i p  of the  dxip t ray  

atound all l i q u i d  m e t a l  containing apparatus  and equipment, I f  leakage or 

f a i l u r e  does occurt the s h i e l d s  will minimize t h e  danger t o  opera t ing  per- 

sonnel from t h e  spraying l i q u i d  metal and w i l l  help t o  confine t h e  metal 

t o  the driptrays ., 

Ebod 8 
__I_ 

Locate experimental and test apparatus  under a hood when poss ib le ,  

Hoods can prevent t he  spread of the i r r i t a t i n g  white oxide particles from 

an  a lka l i  metal f i r e .  The copious c louds  af smoke may be dense enough to  

l i m i t  v i s i o n  i n  the area of an alkali metal f i r e  and to hinder operat ion of 

equipment, providing f i r s t  a i d ,  and f i g h t i n g  the f i r e ,  

must riot d i scharge  infa an  area where the oxide smoke could cau5e m ~ r e  

trouble than if it w e r e  confined to the  general  area of tho f i r e ,  

c e i l i n g s  and overhead forced v e n t i l a t i o n  cain serve as an  adequate subs t i -  

t u t e  for hoods, 

However, t he  hood 

High 

Drain Tanks 

Include dunp, sump, or d r a i n  tanks a t  a low point i n  the l i q u i d  m e t a l  

systemo 

l i q u i d  metal in an apparatus  or system, thus minimizing the  spill and, 

consequently, minimizing f i r e s  a d  the  problem of cleanup after a Eire, 

k a i n  tanks should be large enough to hold more than  the  e n t i r e  volume of 

liquid metal. i n  a sysfeno 

w i l l  drain completely by g rav l ty ,  

In an emergency, i t  will o f t e n  be poss ib le  to d m p  much sf the 

The design of the system should be such that it 

The p r e s s u r e  o f  a Cover gas ( see  next 
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section) may be of use  i n  d ra in ing  a sys t em more r ap id ly  than can be 

achieved by grav i ty  alone, 

tsge and release or  decrease t h e  pressure i n  the  event of an emergency 

to cut dum t h e  loss of molten metal through system leaks., 

Cover Gas 

However, one may have to forego this,  sdvan- 

Use an i n e r t  cover gas  i n  the  l i q u i d  metal system, 3y using an 

inert gas such as ni t rogen ,  helium, or argon under pressure i n  t h e  l i q u i d  

metal system, several advantages w i l l  be gained: 

a v a i l a b l e  t o  help dump the  liquid metal in t he  event: of an emergenFy, and 

(b) t h e  inleakage of air  to t h e  system w i l l  be minimized. Minimizing t h e  

axygen i n  a l i q u i d  alkali m e t a l  system w i l l  reduce t h e  amount of alkali 

metal oxide formed and help  to  keep t h e  system clean,  

a, l i m i t e d  s o l u b i l i t y  t ha t  is markedly temperature dependent-the soltu- 

b i l i t y  decreasing with decreasing tempera&ures. 

oxides,  therefore ,  w i l l  accumulate i n  the cold por t ions  of a l i q u i d  metal 

system and may lead t o  plugging of l i n e s ,  

be taken to minimize oxide formation €or a second reason: The oxides  con- 

t r i b u t e  to co r ros ive  a t t a c k  on many materials of cons t ruc t ion ,  thus in- 

(a) pressure  w i l l  be 

These oxides have 

Troublesome depos i t s  of 

Every p o s s i b l e  precaut ion should 

v i t i n g  t rouble  and l essening  t h e  life expectancy of t he  l i q u i d  metal 

system, Because n i t rogen  w i l l  react with hot  l i t h ium to form l i th ium 

nitride, rhus introducing an impurity i n t o  a l i t h ium system, n i t rogen  is 

not recommended as a cover gas for l i thium. 

Cold Traps- 

Include a "coLd t rap"  i n  the  l i q u i d  metal sys t em,  As pointed out  i n  

t h e  preceding section, alkali metal oxides  show decreasing s o l u b i l i t i e s  

with decreasing temperatures. This  property can be used to  advantage to 

help keep l i q u i d  alkali  metals c l e a n  by the i n s t a l l a t i o n  of "cold traps" 

o r  "cold f ingers , "  The cold t r a p  is normally a tank conta-ining a mesh 

packing, through which the l i q u i d  metal is pumped and cookeda 

ted oxides are re tained on t he  packing. 

than small v e s s e l s  on s tubs  of piping that are incorporated i n  the  colder  

por t ion  of t h e  l i q u i d  alkali metal system., 

markedly colder than any o t h e r  p a r t  of t h e  system, a l k a l i  ax ides  w i l l  

gradual ly  accumulate by d i f f u s i o n  i n  the t r a p ,  thus  helping to keep t h e  

Prec ip i ta -  

Cold f i n g e r s  are nothing more 

By keeping t h e  cold f i n g e r  
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system c lean  and free 0% troub~esome d e p ~ r ; i t ; ~ ,  Cold trap design i s  an 

a r t  rather than a scteracz and should be  learned from experimenters who 

have had successful experience with the operation of these dev ices6  If: 

n~ur;t, be remembered that whether planned QP not, the coldest point i n  

any a l k a l i  metat system %d11 auto t i c a l k y  function as a cold  trapd 

Air a-Lw 

Do nat use air or water liner; in conjunction with p ip ing  handling 

liquid metals without serious considerari~on of the sa fe ty  aspects in- 

volved * When designing and i n s t a l l i n g  l iquid  metals systems, never make 

i t  p o s s i b l e - d i r e c t l y  or indireGtly through crass connections--to intro- 

duce air OK water i n t o  any piping through which liquid metals w i l l  flow, 

In preceding sect ions  of t h i s  primor, the  danger involved i n  mixing a i r  

and water with a l k a l i  metals has been painted aut repeatedly, 

Storage: Fac il i t ie s 

I[$: is 8 good r u l e  to assume that  a l l  chemicals are dangersus in one 

way ar another and that thought and care m a t  be given to the ir  safe use, 

handling, and storage, In view of the r e a c t i v e  nature of the a l k a l i  metals, 

io: should be evident that special consideration must be given to the 

spec i f i c  problem of the storage sf the a l k a l i  metalsd The bibliography 

of t h i s  primer contains several references ta articles on t h i s  subject, 

Comercial-grade a l k a l i  metals are normally received from the pro- 

ducer in the form a€ bricks, which are stacked in  a i r t i g h t  metal COD- 

ta imrs  b v i n g  readily removable  cover^^ 

alloys (NaK) are usually shipped i n  metal containers equipped with valves, 

so that the l iqu id  can be forced frm the cantainer by inert gas pressurer 

High purity a l k a l i  metals and 

Containers slriould always be stored on cement; blocks OF platforms 

(do nut use msden suppspapts) above the floor l e v e l  to Eacilitate v isual  

inspection of the container fer leakage and to prevent l iqu id  spills O€ 

any kind an t h e  floor from coniiiag into contact  wLth the containers, 

storage area should nop: contain a spritlkler system and should E have 

water lines passing through i t ,  I t  i s  important also that  the  area be 

kept free oE ather materials that might react with s p i l l e d  or leaking 

alkali  m e t a l  or that, if a fire s tarted,  w u l d  requince the  use of 

The 
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extinguishants that might react w i t h  the  a l k a l i  metals, All organic. 

materials, including wooden shipping concainers and boxes a d  paper, 

should be kept out of the storage roomo It is highly reecMmnended that 

the rcsm 01: area i n  which d k a l i  metals are stored be used for t h i s  

purpose only, 

The storage area should be posted. with signs (including "No 

Smoking") indicating the nature of the stated material and warning 

aga ins t  the use of water or other f i r e  extinguishants that w i l l  react 

wiCh t he  alkali metalsa 

ing material shxluld be nearbye 

sorbiag moisture, pravision must be made to keep them dry. 

area must be kept dry and should be well venti lated to keep the humidity 

A supply of the proper type of fire extinguish- 

If these materials are capable of ab- 

The storage 

at: a minimum and t o  

Alkali metals 

remove the heavy oxlds fumes if a f ire  should start;, 

HANDLING OF A L W I  I.IETALS 

can be handled sa fe ly  and with a minimum of danger if 
they are given the consideration that they deserve a d  require, 

the responsibi l i ty  of the individual who i s  directly concerned with the 

handling and use of alkali  ~uetals to wquire  a sound, basic understanding 

of the  nature of these useful-and reactive--materials, so C h a t  he may 

approach the problem of handling them with confidence, The key to the 

safe use of all materials i s  to "kmw them," 

It is 

It  is not within the scope of this primer to provide step-by-step 

direct ions for handling alkali m e t i t 1 6  under specific conditions,  Instead, 

suggestions and reeamendathns are advanced which, upon study, w i l l  pro- 

vide the render with infomtAon--based on the chemical and physical prop- 

erties of the a L k a L i  mtals--to enable him t o  develop the all-important 

"fecl" for t h i s  problem, 

infomatian, t h e  reader w i l l  be i n  a position, with experience, t o  develop 

h i s  own safe procedures OY directions for handling specific problems in- 

volving the alkali  metals., 

W i t h  t h i s  "feel,," or background of stored 

It 2s recommended strongly that at least two persons be involved i n  

any situation where alkali metals are being handled or used. 

safety precaut ion  cannot afford to be relaxed, 

This excel lent  

If one person should panic 
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Be?fo~e anyone beccnsles inwslved in a pxobl dealing with  the handling 

of the a l k a l i  matals, the type a 

t ive  c l ~ t ' n i n g  and e ~ u i ~ ~ @ ~ ~  shsuld be Qe+zemirned, Protection should be 

available for tho head, face, eyes, hands, body, fael;, as w e l l  8s for 

the  location o f  the available, protec- 

passages and the. lungs, Remember that ordinary cotton ox 

eyathetic f i b w  clothing offers l i t t l e  or na protectian against the l i q u i d  

Istased by the Mine Safetg A ~ ~ l i ~ ~ ~ ~ ~  C s ~ p m y , ~  chrome leather gloves and 
aprons and laminated Bakel i te  hats offer 180%; protection against 50O0C 

(932°F) sodium and NaK,  

and MSA Hu-Looks goggles protect againat: 150°C (302°F) Nag and 350°C 

(662OP) 

exc&lank; resistance, 

stand p ~ d o n g e d  QE" severe exposure to molten OF burning albl imetals ,  

F Q ~  instance, no protective clothing or equ 

wkthsta& the effect of P l/16-in0-di;nm ~ t %  

Rubber glova~, face s h i e l d s  wi t% acetate windows 

MSA chipping goggles and MSA welding goggles show 

It is unreasonable to expat .  t h i s  clothing 0;o with- 

ent currently available can 

@E l.ithil.am Lata 40OQC (110O0P) 

and 60 IIb per i n ,  (Ref 3) Specific information on prate~t ive  clothing 

is fatand in TRG  aport 25c, t t w . a ~ ~ ~ e  i n  the safe 

publlhshed in 1961 by the United Kin d m  Atomic Energy Authority6 a d  i n  the 

report prepared by mdgars and E V B F S Q Q ~ ~ ~  

General. Safety Precautions 



17 

2, Make certain that an adequate supply of Eire con t ro l l i ng  and 

extinguishing material is on hand t o  d e a l  with any s p i l l a g e  o r  f i r e ,  

3 .  &lake certain t h a t  all equipment, including tools, to be used 

during t h e  handling opera t ion  is abso lu te ly  u. The use of nonsparking 

tools in opening alkali metal drums i s  strongly recanmended since hydro- 
gen can accumulate in the drums and cause explosion and f i r e .  If moisture  

from t he  a ir  were trapped i n  t h e  conta iner  from a previous opening, it 

would have reacted with the alkali metal to produce hydrogen. 

i t  may appear unl ike ly  that a dangerous amount of hydrogen w i l l  be 

formed i n  this manner, it should be assumed that this could happea, 

Although 

4 ,  

opened, hydrogen gas may be present i n  a dangerous amount. Proper ventl- 

l a t i o n  i n  the area w i l l  help to d i spe r se  the  hydrogen and w i l l  lessen the 

danger of an explosion. 

I f  a "hissing" sound i s  heard when an alkali metal container is 

5 ,  Handle solid alkali metals only with tongs ap: with nonporous, 

washable glovesl 

6. Transfer all molten a lka l i  metals a t  the lawest passible tem- 

pera tu re  and pressure to minimize t h e  p o s s i b i l i t y  of f i r e  or t h e  effect 

of  an accident  

7, Always use an inert cover gas when t r a n s f e r r i n g  molten alkali 

metals 

8 ,  Be prepared to retnove promptly any spilled alkali metals or 

res idues  from a lka l i  metal firesic 

9, Replace drum cavexs immediately after removing alkali  metal 

bricks t o  ::kiniruize the i n t r aduc t ion  of oxygen and moisture ,  

the drum coveysI the p o s s i b i l i t y  of a f u t u r e  acc ident  will be  lessened and 
contansination of the m e t a l  (by t h e  formation of oxides, hydroxides, a d  

carbonates) kept  to a minimum. 

By replacing 

Eliminat ion and Disposal of. Residual and W s t e  Alkal i  Metals 

Soonetr OL l a t e r  the inves t iga to r  working with NaK or an ; i t ka l i rne t a l  

will face an important pxobjlemr 

residual material? 

How do I elimimbe OL dispose  of waste or 

Suggestions for deal ing  with this even tua l i t y  are pre- 

sented herewith 



I f  a waste d i sposa l  o f f i c e r  i s  a member of your organization, waste 

disposa l  plans should first be discussed with him, p a r t i c u l a r l y  i f  s i z a b l e  

amounts oE waste are involved, 

i t  Pa probable that skilled personnel w i l l  assume t h e  r e s p o n s i b i l i t y  far 

disposing of m x r d a t e d  waste metal 

follow, thus, dea l  pr imar i ly  with the problem of c o l l e c t i n g  and disposing 

af mall amounts of waste a l k a l i  metals, 

If a special waste d i sposa l  f a c i l i t y  exists, 

The waste d i s p o s a l  suggestions that  

1, I n  t h e  case o f  a s p i l l ,  shovel the liquid matarid inta a dry,  

T h i s  metal conta iner  equipped with a lid and replace she l i d  promptly. 

procedure may be followed even if the. metal is burning, 

place, oxygen w i l l  be excluded; and the  f i r e  will go outo I f  preferred,  a 

s u i t a b l e  f i r e  extinguishant (possibly powdered graph i t e  or Mea;;-L-X Powler) 

can f i r s t  be shoveled OK sprayed on the s p i l l  before t he  metal i s  p u t  inta 

the d i sposa l  con ta ine r ,  A layer of the  ext inguishant  may also be added t o  

t he  container  before  the s p i l l e d  o r  waste metal i s  dumped thereind 

With t h e  lid i n  

2 ,  Smal1, amounts of waste or  r e s i d u a l  metal i n  small sections of 

p i p i q  or tubing or i n  small pieces of apparatus can be eliminated by 

placing the u n i t  i n  a cantainex of a lcohol  af the proper kind (see Section 

"Reactions w i t h  A l c ~ h a l ~ "  p .  10) 

metal and the a lcohol  is  over (make c e r t a i n  no unreacted alkali metal re- 

mains in the l i q u i d ) ,  d i s p u s e  of the resulting so lu t ion  through a labor&- 

tory sink d r a i n .  

advisabLe. 

When the  r eac t ion  between t h e  alkali 

Flushing of the sink with a l a r g e  amount. of water is  then 

3 ,  When NaK or ocher l i q u i d  metals are drained from a s i z a b l e  piece 

of equipment, residual. metal. may remain th~oughout the equipment due ta 

pcor drainage, low spots ,  or c ~ c e v i e e s ~  

a lcohol  (see Section "Reactions with Alc~hals" p .  A01 nay be c i r cu la t ed  

t h ~ o u g h  the  system t o  remove the a l k a l i  metal, making certain that the 

system i s  kept open so that the by-product hydrogen is a1Lawe.d to escape 

safely, 

En cases such as t h i s ,  a suitable 

Dry steam m y  also be used e€fectiveXy to clean apparrartus, The ape 

paratus should f irst  be heated (trace heat ing i s  e n t i r e l y  suitable) to 

above 100'6: to prevent condensation of stearno 

certain that no air enters the system with t h e  d r y  steamo In an air-free 

atmosphere, the steam-alkali metal ~ea~=t-Lon will proceed smoothly without: 

Care should be taken to make 



danger of an explosion, 

after other cleaning techniques have been applied, 

A f ina l  f lush  w i t h  water is normally pemissible 

I€ the mixture leaving 

t h e  apparatus b6tiiIg cleaned contains the 5rrQZgfy caustic a l k a l i  hydroxide 

Eorsned by the reaction, the mixture should nor be discharged 

indiscriminately. 

I.€ a persori Ilaricilir,g or using an a l k a l i  metal always remembers that: 

a f i r e  might occur--but that the f i r e  can be handled safely if he knows 
the ground rules--he w i l l  always be psychologicctLly prepared If w E ire 

should break Q U ~ ~  €le slmuld remember that flames, i f  any, may be 

pract ical ly  invisible, that large quantit ies  of whlte, opaque smoke 

w i l l  be produced, but t h a t  t h e  burning metal cannot, of i t se l f ,  explode. 

An a l k a l i  metal Eire, as such, is not particularly hazsrcbue (a11 f ires ,  

of cwrse, present a hazard) but secondary effects-the caustic alkali 

oxide cloud of smoke and reactions w i t h  nearby materials--may be. 

I n  h i s  exce l lent  article "Fxtinguishing Sodium-Potassiw Alloy 

Fires9" Lee' points out that, as with regular fires, three ingredients 

are necessary before i t  i s  possible to have LI fire: fue l ,  heat, and 

oxygen, 

the Eire, 

Removal of any one of the three ingredients w i l l  extinguish 

Under: ordinary conditions, if a fire develops, f i r s t  remove the 

a l k a l S  metal fuel, Although this remval will, not extinguish the f ire ,  

i t  w i l l  l i m i t  the size of the f i re ,  

involved, the simplest and safest  procedure ta do  nothing- 

simply allow the metal t a  burn and keep a safe distance away from the 

smoke, Uiider cer ta in  conditiiorzs, it may be advisab3.e to leave the 

scene af the f i t re  teaporririly ta t u ~ n  i n  a fire alarm, 

If only a small mount of metal is  

When larger amounts of ,dkali  metal, several pounds ox niarell are 

burning, a standard procedure for tiandling the fire should be p u t  i n t o  
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without: f i r s t  devsPoping, OX becaning fanilliar w i t l a ,  an emergency pro- 

cedure that appl icable  to h i s  particular s i tuat  iuri * 

T h i s  means that b - 4 ~  one should ha l e  or use alkali  metals 

Heat i s  the second ingxcdienb necessary for a fire, Although 

"cooling" a €ire w i l l  lessen its  i n t e n s i t y ,  or evea extinguish i t ,  

t h i s  i s  not always easy to accomplish, Since this procedure i s  nor- 

mally not appl icable  ea alkali m e t a l  firer;, i t   ill azat be discussed 

here 

Oxygen i s  the third ingredient necessary for an a l k a l i  metal fire. 

I f  oxygen is  excluded, t h e  f i r e  prarnptly d i e s  out; far, i n  every sense 

of the  ward, i t  suffocates+ Actually, a nonflamable, nontoxic, and 

n o n ~ g a c t i ~ e  l iqu id  having a high la tent  heat and producing a heavy 

(high iaolecular weight) vapor wauld be an ideal! f ire  fightlng material. 

If such a l i q u i d  were sprayed an a f i r e ,  vaporization would absorb the 

heat, thereby cooling the fire and helping t o  extinguish it, Further- 

more, as the heawy vapor farnned, iC would blanket the f i r e  and exclude 
oxygen, thus extinguishing the f i re ,  Unfortunately, no such ideal, 

f i r e  f ighting Piquid exists, Fire f ighting materials ChAt arc used, 

therefore, have limitations that make them s u i t a b l e  only far rather 

specific p ~ r p ~ s e s ,  I t  i s  not tors SUPpKi.Si.ng, consequently, that the 

well-known fire extinguishants such as carban diaxide, carbon tetra- 

chloride,  and water are not suitable for use 8n alkali metal fires8 

A review of the clrenaistry of the alkali metals p ~ e ~ e n t e d  in the section 

on 

be used to cambac alkali  metal fires, 

I t  Chemical Praperties," p. 5 w i l l  shclw why these materials should never 

Several fire fighting materials that are recsmended for use 0x1 

alkali. metal, fires are discussed b r i e f l y  below: 

1, Soda Ash (anhydrous Na2C03). Only the  anhydraus a d  compPetely 
- .  - 

mistuxe-free material is su icab le  for usea This substance can be 

sprinkled OE sliovclled on the Eire or sprayed on from an extinguisher, 

using CO2 pressureo The powder blankets the f i re  and tends ta prevent 

the reaction of the carrier gas (CO2) with the metal, S d a  ash is eften 

used an sodium f i x e s  and 1s generally accepted as being suitable €OK use 

on potassium and NaK f i x e s ,  h General Electric safety loanlaale states 
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t h a t  "Soda ash  i s  not  recommended as an  ext inguishing agent  for l i t h i u m  

since it reacts v i o l e n t l y  contact:." 

2, Zirconium Carbonate. (See general comments under "Soda Ash") 

This  material has been used e f f e c t i v e l y  on alkali metal fires,  

expetzsivo, though, i n  comparison to socfa ash and does not appear t o  have 

It i s  

specific dvant:ages thitt. Its tlse C C B ~ p Z ! l ~ ~ t ~ ~  * 

3. Powdered This is an exce l l en t  blanketing agent: and 

has been w i d e l y  used i n  f i g h t i n g  alkali metal a d  NaK fires. 

should be taken to d i s t r i b u t e  t h e  graphite powder smoothly aver the burn- 

ing  metal and t o  S V Q ~ C ~  dumping it on the  f i re ,  

s p l a t t e r i n g  of t h e  burning m e t a l  and in.Lght ;ilso rclsuit . i ? t  rhc aoss of 

g raph i t e  s inking through tne burning metal, thus  failing ea provide the 

desired blanket ing eff act (I 

t he  best amon@; mny ext inguishants  tested on l i t h ium f i r e s ,  

of g raph i t e  on a Liquid rnecnl f i r e  i s  apparently dual, 

surface,  t h e  powder excludes air,  thus suf foca t ing  the. f ire ,  

i t  is a respec tab le  conductor of heat ,  t h e  g raph i t e  probably cools t h e  

burning metal somewhat and thus  helps  to  ex t inguish  the fire, 

Care 

Dumping a . i i ; j i L  c o ~ i s e  

Rcdgers and Evevson report t h a t  g raph i t e  is 

The action 

By blanketing the 

Also,, s ince  

4 ,  Xet-L-X, This f i r e  f i g h t i n g  material is a dry, free-flowing, 

impregnated sodium chloride ( d i s t r i b u t e d  by Ansul Chemical Company) , which 

is available i n  pressurized ex t inguishers .  

alkali. metal fire,  it: forms a crust th t  excluct~s axygeii i u m  the fire- 

thus ext inguishing i t  * 

sprinkle t he  Met-L-X l i ghk ly  on the burning suxface,  

hasten the  farmtion of t h e  crust, Net-L-X is  not  combustible and thus 

will not cause secondary f i r e s  when it is used on l i q u i d  metal firesr 

cause of its a b i l i t y  to  adhere to molten sodium, Met-L-X is particularly 

s u i t a b l e  for use  on sodium fires on wal3.s and p i p i n g ,  It is advisable to 

clean thoroughly t h e  high-temperature equipment i n  t h e  area where Met-L-X 

has been used to avaid cor ros ion  prablems i n  subsequent aperatfon, 

When Met-L-X is sprayed on an 

It i s  usually conssidered advisable to i n t e r m i t t e n t l y  

This  procedure will 

Be- 

5, =ne G-1 Powder, This material is  a graphite-base ext inguishant  

produced by the  Pyr-Fyter Company. It may be applied from tubes,  or, i f  

it i s  a v a i l a b l e  i n  bulk form, may be sprinkled from shovels,  

not combustible, secondary fires will not r e s u l t  from its application t o  a 

burning n3.kal i m e t a l ,  

S i n c e  it is 
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Deta i l s  concerning the pexformance of var ious  materials teslted far 

t h d ~  a b i l i t y  t o  ext inguish burning a lka l i .  m e t a l s  and NaK may be fsund 

i n  the repoO”t pKepmed by Rodger5 and Everson, ppb 36-37, An a c c e l k n t  

ana lys i s  of $ire ext inguishants  i s  made. by Gracie and Draher’ 

Chapter V of t h e i r  exhaustive regart e n t i t l e d  “A Study of Sodium Firesc” 

i n  

Personnel. handling or using alkali  metals should know the  basic  rules 

of f i r s t  aid, so that e f f e c t i v e  a c t i o n  can be taken a d  help administered 

should an accident occur6 

located namby i n  a r e a d i l y  access ib le  area i s  basic to p r m i d i n g  aid, 

Minimum f i r s t  a id  matexial should include tongs or tweezers ,  s m e  kind af 

a scraper or spa tu la ,  swabs, bandages, and a container  of mineral a i l ,  

Tangs are usefu l  i n  picking chunks of metal from. c lo th ing  o r  sk in ,  

sc~;apar or swab i s  u s e f u l  i n  scraping alkali m e t a l  from c l o t h i  

Flj-neral o i l  can be used to cover a cleaned area to exclude air  and moisture 

from r e s idua l  material, 

An amply supplied f i r s t  a id  cabinet  or locker 

A 

If an accident occurs  and someone is splashed with molten alkali metal 

that i s  not burning, t he  metal s h u l d  be scraped from the sk in  a s  r ap id ly  

8s possible, 

the  c lo th ing  should be ra0ved promptly, the alkali  m e t a l  i n  contac t  with the  

skin s w i f t l y  scraped o f f ,  a d  the a f fec t ed  areas flooded with mineral  o i l ,  

hay detectable bits af alkali metal should be removed promptly with the 

tweezers or by swabbing, The accident  victim should then be r t i ~ ~ ~ d  to  a 

h o s p i t a l  ox inf i rmary f o r  observation by t ra ined  medical. personnel and f o r  

any f u r t h e r  treatment; that is necessaryo 

Should the rrae:tal have c0me in contac t  with normal waxk clothing,  

If ca person has been sprayed with burning alkali metal, t h e  same general  

procedure as out l ined  above may be followed QX an  alternate procedure used. 

This  a l t e r n a t e  procedure calls f o r  immediate removal of a11 c lo th ing  and 

massive mount s  of alkali. metal, f looding of t he  a f f ec t ed  areas w i t h  l a r g e  

mounts of water (small  amaunts w i l l  probably do mare harm than goad), and 

neutrsalizjng with a 3% acetic acid salution., 

Handbsok,b considerable  controversy e x i s t s  concerning the beet procedure t~ 

be EdIowed i n  g iv ing  f i r s t  a i d  to a person splashed with burning l i qu id  metal. 

According t o  the Liquid Metals 
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It 5 s  suggested, therefore, that the  reader determine w h a t  the recommended 

procedure is  at h i s  laboratory or i n s t a l l a t i o n  and. that h e  act accordingly 

i n  the event of an emergencyd 

Uthough prompt first a i r  treatment is always i n  ordert-, it is a 

necess& in t h e  case of an eye burn, 

t i o n  and an eye is burned, it should be f l ~ o d e d  i m m e d i . a u  w i t h  large 

amaunts of low pressure water fax about 15 minutes, 

treated with a 5% solution of boric acid  to neutralize any caustic t h a t  

If goggles did not provide protee- 

The eye should then be 

may sti l l  remain. 

recommended even though na apparent damage may have been suffered, 

Subsequent trcat;ment by medical personnel. is always 

The liquid alkali rnetaks are valuable but are very reactive and po- 

t e n t i a l l y  dangerous materials, 

appreciat ion for, their character is t ic  phys ica l  properties and chemical 

nature, they can b e  used prof i tably  and with safety, It is the xesponsi- 

b iLi ty  of the individual who needs to handle and to use the  alkali metals 

and their alloys to acquaint himself w i t h  the pertinent information can- 

cerning these materials so that he can proceed with the ir  use with  

confidence, 

With a sound understanding of ,  and an 
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