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 Saguache Solar Energy Project 

Introduction 

This supplemental information is being submitted by Saguache Solar Energy, LLC (Project Applicant) in 
reference to the Applicant’s 1041 Permit document, per the Guidelines and Regulations for Areas and 
Activities of State Interest of the County of Saguache, submitted in October 2011. It has been prepared in 
response to feedback from Russell Planning and Engineering (Russell), the consultant hired by Saguache 
County to review the Application.  

Russell requested independent verification that the issue of explosiveness and molten salt safety were 
correctly represented in the Application.  Attached to this document as Exhibit A is an independent report 
which fully addresses the issue of molten salt safety.   

 

Molten Salt Safety Report – Summary 

The attached study, entitled “Molten Salt Safety Study,” was commissioned by the U.S. Department of 
Energy, and was performed by Martin Marietta Aerospace and Badger Energy Inc.  The study was 
published in January of 1980.  It studied the same salt composition as that proposed in the Application, 
and specifically focused on a power tower configuration for energy storage and electricity generation. 

The report was reviewed by two electric utilities: Arizona Public Service and Public Service Company of 
Colorado (PSCo).  As it was written almost thirty years before SolarReserve’s founding, there is clearly no 
conflict of interest or financial involvement with the proposed Saguache Solar Energy Project or with the 
Applicant. 

The following quotes serve to highlight that the report shows that molten salts are well understood, widely 
used, and not explosive: 

•  “…no major safety problems exist in using a molten salt solar system.” (Page 1.) 

• “Both nitrates have been used in their solid states as fertilizers since the 19th

• “Molten salts have been used in industry in open baths for heat-treatment of metals since the turn 
of the century and are also commonly used as heat transfer media in the petroleum and chemical 
industries.” (Page 3.) 

 century and are 
neither explosive nor flammable.” (Page 3.) 

• “Experiments have shown that organic liquids and vapors introduced into molten salts do not 
react with the salt but burn at the salt surface when they gain access to oxygen in the air.” (Page 
3.)  Organic liquids include petroleum products such as diesel fuel. 
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• “…Any mixture of sodium nitrate and potassium nitrate is neither explosive nor flammable.  It has 
been shown to be stable at temperatures in excess of [1,200 degrees Fahrenheit.]  Any potential 
fire hazard due to the salt is caused by its high temperature and/or its oxidizing properties.” (Page 
7.) 

• “The National Fire Protection Association classifies both sodium nitrate and potassium nitrate as 
‘Class I oxidizers.’  This is the least hazardous of four classes, and is defined as ‘an oxidizing 
material whose primary hazard is that it may increase the burning rate of combustible materials.’” 
(Page 7.) 

•  “Countless tons of sodium nitrate and potassium nitrate have been shipped and stored in bulk for 
almost 100 years without an explosion occurring.” (Page 8.) 

• “Sodium nitrate and potassium nitrate pose no special storage problems… These salts are 
neither poisonous nor particularly irritating.” (Page 14.) 

• “Users of molten salt do not consider it to be dangerous.  They do realize, however, that it must 
be treated with respect as is any high-temperature liquid.  By following procedures such as those 
described [in this report], many operators have enjoyed long histories of accident-free use of 
molten nitrate salts.” (Page 16.) 

The Applicant reiterates that molten salts must be treated with respect, but that the solar facility described 
in the Application truly poses no risk of explosion.  An explosion would be chemically impossible. 
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Exhibit A – Molten Salt Safety Study 
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I. PURPOSE AND SUMMARY 

The cons ide ra t i ons  concerning s a f e t y  i n  us ing  molten s a l t  (40% potas- 
sium n i t r a t e ,  60% sodium n i t r a t e )  i n  a  s o l a r  c e n t r a l  r ece ive r  p l an t  a r e  
addressed i n  t h i s  r epo r t .  The cons ide ra t i ons  a r e  of a  genera l  na tu re  
and do not  cover any d e t a i l s  of equipment o r  p l an t  opera t ion .  The 
s tudy inc ludes  s a l t  chemical r e a c t i o n ,  experiments with molten s a l t ,  
dry s to rage  and handl ing c o n s t r a i n t s ,  and includes da t a  from the  Na- 
t i o n a l  F i r e  P ro t ec t i on  Associat ion.  The conten ts  of t h i s  r e p o r t  were 
evaluated by two u t i l i t y  companies and they concluded t h a t  no major 
s a f e t y  problems e x i s t  i n  us ing  a  molten s a l t  s o l a r  system. 

A proposed c e n t r a l  r ece ive r  s o l a r  power p lan t  i s  shown i n  Figures  1 and 
2. The p lan t  genera tes  300-MW e l e c t r i c  power and is  descr ibed  i n  the  
Advanced Cent ra l  Receiver Power System, Phase 1 F ina l  Report 
(EG-77-C-03-1724d). The p l an t  c o n s i s t s  of n ine  c o l l e c t o r  f i e l d s ,  each 
with 7711 h e l i o s t a t s  (mi r ro r s )  surrounding a  c e n t r a l  r ece ive r  (essen- 
t i a l l y  a  hea t  exchanger a top  a  155-m (510-f t )  concre te  tower) ,  a  ther -  
mal s to r age  a r e a ,  and a  convent ional  steam tu rb ine lgene ra to r  sub- 
system. Molten s a l t  a t  561 K ( 5 5 0 0 ~ )  i s  pumped up t o  the  r e c e i v e r s  
where i t  is heated t o  839 K ( 1 0 5 0 0 ~ )  by the  s o l a r  energy r e f l e c t e d  
from the  h e l i o s t a t s .  The molten s a l t  i s  then pumped i n t o  s a l t l s t e a m  
hea t  exchangers o r  s t o r age  tanks o r  bo th ,  a s  requi red .  Steam leav ing  
the h e a t  exchangers e n t e r s  a  r ehea t  t u rb ine  a t  783 K ( 9 5 0 0 ~ )  and 16.5 
kPa (2400 p s i )  and produces a  300-MWe n e t  ou tput .  The s a l t  l eaves  the  
hea t  exchangers a t  561 K (5500F) and is  e i t h e r  re turned  t o  the re- 
ce ive r s  o r  s e n t  t o  s torage .  The s to rage  s a l t  i s  used t o  keep the  p lan t  
ope ra t i ng  a t  n igh t  and during cloud i n t e r r u p t i o n s .  





Molten s a l t  is  pumped between the r e c e i v e r s  and the  t u r b i n e l s t o r a g e  
a r e a s  i n  l a r g e  s t a i n l e s s  s t e e l  pipes.  A 300-MWe p lan t  l i k e  t he  one de- 
s c r ibed  previously may have from 70 t o  105 mi l l i on  kg (150 t o  230 m i l -  
l i o n  l b )  of  s a l t .  The s to rage  a r e a  i s  diked t o  con ta in  the  s a l t  i n  t he  

y event  of a major leak. 

The s e l e c t e d  s a l t  is a mixture of 60% sodium n i t r a t e  and 40% potassium 
n i t r a t e  and has a mel t ing poin t  of 494 K ( 4 3 0 0 ~ ) .  Both n i t r a t e s  have 
been used i n  t h e i r  s o l i d  s t a t e s  a s  f e r t i l i z e r s  s i n c e  the  19th cen tury  
and a r e  n e i t h e r  explos ive  nor flammable. The National F i r e  P ro t ec t i on  
Associat ion Assoc ia t ion  c l a s s i f i e s  both sodium n i t r a t e  and potassium 
n i t r a t e  a s  "Class I o x i d i z e r s  , I1  t h e  l e a s t  hazardous of t he  four c l a s s -  
e s .  This is def ined  a s  "an ox id i z ing  ma te r i a l  whose primary hazard is  
t h a t  i t  may inc rease  t he  burning r a t e  of  combustible mater ia l s . "  

Molten s a l t s  have been used i n  i ndus t ry  i n  open ba ths  f o r  hea t - t r ea t -  
ment of metals  s i n c e  the t u rn  of the century and a r e  a l s o  commonly used 
a s  hea t  t r a n s f e r  media i n  t he  petroleum and chemical i n d u s t r i e s .  Cur- 
r e n t l y  about 45 mi l l i on  kg (100 m i l l i o n  l b )  of molten h e a t  t r a n s f e r  
s a l t  a r e  i n  use worldwide. Safe ty  procedures f o r  handl ing  both dry and 
molten s a l t s  a r e  wel l  e s t a b l i s h e d  and have cont r ibu ted  t o  acc ident - f ree  
p l an t  opera t ions  f o r  up t o  60 years .  P o t e n t i a l  hazards  can be avoided 
by recognizing the  s a l t  a s  an ox id i z ing  agent and by t r e a t i n g  the  mol- 
t e a  s a l t  l i k e  any ho t  l i q u i d .  The use of molten s a l t  i n  a s o l a r  ther-  
mal power p l an t  r ep re sen t s  nothing new i n  t h i s  r e spec t  except  f o r  t he  

c quan t i t y  of s a l t  involved. 

Experiments have shown t h a t  o rganic  l i q u i d s  and vapors introduced i n t o  
molten s a l t  do not  r e a c t  with the  s a l t  bu t  burn a t  t he  sa l t  s u r f a c e  
when they ga in  access  t o  oxygen i n  the a i r .  Chemical r e a c t i o n  with t he  
s a l t  can occur with f i n e l y  d iv ided  p a r t i c l e s  of  o rganic  m a t e r i a l s  and 
some metals .  



11. PUBLIC UTILITY COMPANIES EVALUATION 

The two p u b l i c  u t i l i t y  companies that '  e v a l u a t e d  t h e  c o n t e n t s  o f  t h i s  
r e p o r t  were Arizona P u b l i c  S e r v i c e  (APS) Company and P u b l i c  S e r v i c e  
Company (PSC) o f  Colorado.  APS h a s  been a c t i v e l y  invo lved  i n  s t u d i e s  
o f  mol te r  s a l t  s o l a r  c e n t r a l  r e c e i v e r  systems.  PSC h a s  had no involve-  
ment w i t h  mol ten  s a l t  systems.  

Both u t i l i t y  companies concluded t h a t  u s i n g  molten sa l t  i n  a s o l a r  cen- 
t r a l  r e c e i v e r  power p l a n t  is  a c c e p t a b l e ,  t h a t  no major problems e x i s t ,  
t h a t  t h i s  r e p o r t  g i v e s  adequa te  s a f e t y  d e f i n i t i o n ,  and t h a t  t h e  r e p o r t  
forms t h e  b a s  is  f o r  p r e p a r i n g  o p e r a t i n g  procedures .  

The d e f i n i t i o n  o f  hardware o p e r a t i o n  and requ i rements  w i l l  have t o  be  
addressed  b u t  t h i s  s u b j e c t  i s  o u t  o f  t h e  scope of  t h i s  r e p o r t .  

The u s e  of  molten s a l t  w i t h  a f o s s i l  f u e l  p l a n t  was q u e s t i o n e d  by PSC. 
The s t o r e d  f u e l  shou ld  be  s e p a r a t e d  from any p o s s i b l e  sa l t  l e a k s .  
S ince  c o a l  p l a n t s  r e s u l t  i n  c o a l  d u s t  permeat ing t h e  s i t e ,  a p o s s i b l e  
s a l t  s p i l l  c o u l d  c o n t a c t  powdered c o a l .  It would be advantageous  t o  
test  t h e  p o s s i b l e  r e a c t i o n  o f  molten s a l t  wi th  c o a l  d u s t  under p l a n t  
c o n d i t i o n s .  

m 

/- 

k 



I III SAFETY INVESTIGATION 

Molten s a l t s  a r e  commonly used a s  h e a t  t r a n s p o r t  media i n  m e t a l l u r g i c a l  
h e a t  t r ea tment  and i n  t h e  chemical  p rocess  and petroleum i n d u s t r i e s .  
These a r e  u s u a l l y  n i t r a t e ,  n i t r i t e ,  c h l o r i d e ,  f l u o r i d e  o r  ca rbona te  
compounds o f  t h e  a l k a l i  o r  a l k a l i n e  e a r t h  meta l s .  These compounds may 

I be mixed i n  v a r y i n g  combinations and p r o p o r t i o n s  t o  match t h e  proper- 
ties o f  t h e  s a l t  t o  t h e  a p p l i c a t i o n .  

The most widely  used h e a t  t r a n s f e r  s a l t  (HTS) is a e u t e c t i c  mix ture  o f  
40 weight  pe rcen t  sodium n i t r i t e  (NaN02), 7 weight p e r c e n t  sodium 
n i t r a t e  (NaN03), and 53 weight pe rcen t  potass ium n i t r a t e  ( ~ ~ 0 3 ) .  
 his s a l t  is marketed under t h e  t r a d e  name HITEC by C o a s t a l  Chemical 
Company and a s  PARTHERM 290 by Park Chemical Company. Draw s a l t ,  a  
common m e t a l - t r e a t i n g  s a l t ,  is a e u t e c t i c  mix ture  o f  54 weight  p e r c e n t  
potassium n i t r a t e  ( ~ ~ 0 3 )  and 46 weight  pe rcen t  sodium n i t r a t e  
(NaN03). I t  i s  marketed by Park Chemical a s  AL-2. 

potass ium n i t r a t e  ( ~ ~ 0 3 )  is  s l i g h t l y  more expensive  than  sodium n i t -  
r a t e  ( ~ a N 0 3 ) .  Where smal l  q u a n t i t i e s  o f  s a l t  a r e  t o  be used ,  t h e  
c o s t  d i f f e r e n t i a l  i s  unimportant .  For thermal  s t o r a g e  i n  commercial-- 
s c a l e  power p l a n t s ,  however, enormous amounts of  s a l t  a r e  r e q u i r e d  and 
t h e  c o s t  d i f f e r e n t i a l  becomes s i g n i f i c a n t .  For t h i s  a p p l i c a t i o n  t h e  o f  
a mixture  of  60 weight p e r c e n t  NaN03 and 40 weight  p e r c e n t  KNO) i s  
proposed. Th is  is marketed a s  PARTHERM 430 by Park Chemical. I t  i s .  
n o t  a e u t e c t i c  mixture;  t h e  f r e e z i n g  p o i n t  ( t h e  tem- p e r a t u r e s  a t  which 
t h e  f i r s t  s o l i d s  appear  on c o o l i n g )  is  494 K ( 4 3 0 ° ~ ) .  The chemical  
p r o p e r t i e s  a r e  approximately  t h e  same a s  those  of  draw s a l t .  

3. CHEMI STKY 

Both HITEC and draw s a l t  belong t o  a g e n e r a l  system o f  mix tures  o f  two 
s a l t  p a i r s :  K N 0 3 / ~ a ~ 0 3  - N ~ N o ~ / K N ~ ~ .  A f r e e z i n g  p o i n t  d iagram 
is  presen ted  i n  F i g u r e  3 .   his system is more c l o s e l y  i n t e r r e l a t e d  
than most o t h e r  s i m i l a r  ones i n  t h a t  t h e  n i t r a t e  and n i t r i t e  i o n s  a r e  
r e l a t e d  through a simp1.e o x i d a t i o n - r e d u c t i o n  r e a c t i o n  

W  NO; 5+ 2 ~ 0 5  + 02. 

Thus, one may s t a r t  w i t h  a p a r t i c u l a r  mix ture  of t h e  s a l t s  and,  g iven 
t h e  proper  c o n d i t i o n s  and enough t ime,  f i n d  t h a t  t h e  composi t ion and 

h 

p r o p e r t i e s  of  t h e  mixture  have changed cons iderab ly .  



# 

1s btost Pronounced 

(From A. Alexander, Jr. and S. G. Hindin, "Phase Rela t ions  i n  Heat 
Transfer  S a l t  Systems," I & EC X X X I X ,  1 (19471, 1044. 

Figure 3 
Freezing Points of A l k a l i  Nitrate-Nitrite Mixtures 
with Compositions Given in Weight Percent 

HITEC i s  blended t o  g ive  a l l  the good q u a l i t i e s  of a h e a t  t r a n s f e r  s a l t  
(high hea t  t r a n s f e r  c o e f f i c i e n t  , high h e a t  capac i ty)  while  maintaining 
a low melt ing point  [415 K (2880~11  and a r e l a t i v e l y  low c o s t  ( l e s s  
than $0.30 per pound). Forty percent of the  mixture is sodium n i t r i t e ,  
which i s  s i g n i f i c a n t l y  more expensive than the  n i t r a t e  components bu t  
i s  t he  n i t r i t e  s a l t  t h a t  produces the  low melt ing point .  I f  HITEC is 
allowed t o  remain i n  contac t  with a i r  i n  the molten s t a t e  a t  e leva ted  
temperatures,  the  n i t r a t e  s a l t  i n  the  mixture w i l l  g radual ly  be oxi-  
dized t o  n i t r a t e  and the  melt ing point  w i l l  r i s e  t o  something i n  excess  
of 4 7 7  K ( 4 0 0 0 ~ ) .  I f  one intends t o  use 150-psig steam t o  melt  the  
s a l t ,  [ s a t u r a t i o n  temperature 459 K ( 3 6 6 0 ~ ) ] ,  t h i s  "degradation1' of 
HITEC i s  of g r e a t  importance. The f i n a l  composition of the  s a l t  i n  
equi l ibr ium with a i r  i s  c lo se  t o  t h a t  of draw s a l t .  HITEC i s  genera l ly  
used i n  a temperature range between 422 K ( 3 0 0 0 ~ )  and 672 K (7500F) 
and i n  an i n e r t  gas atmosphere. 



I The nitrite salts are susceptible to degradation by a different sort of 
react ion 

The gaseous products can include any or all of the oxides of nitrogen 
and nitrogen and oxygen depending on the conditions. Sodium monoxide 
is not normally stable and will react with any available carbon dioxide 
or water to Form sodium carbonate or sodium hydroxide. The equilibrium 
of this reaction and the conditions necessary for it to go forward are 
not well understood. It is known that the reaction is slow at tempera- 
tures at least as high as 922 K (12000~) and that, although nitrate 
salts react similarly, they are more stable than the nitrites. 

In metallurgical heat-treatment applications, low melting point is not 
an important consideration. Salt baths are kept hot by electric resis- 
tance heating or direct firing of tank walls. The baths are open to 
the air and chemical stability is important. For these applications, 
draw salt is frequently used. it is less expensive and chemically more 
stable than HITEC because it is not made with nitrite salts. 

Draw salt or indeed any mixture of sodium nitrate and potassium nitrate 
is neither explosive nor flammable. It has been shown to be stable at 
temperatures in excess of 922 K (12000~). Any potential fire hazard 
due to the salt is caused by its high temperature and/or its oxidizing 
properties. 

C .  DRY STORAGE AND HANDLING 

The National Fire Protection Association classifies both sodium nitrate 
and potassium nitrate as "Class I oxidizers." This is the least haz- 
ardous of four classes, and is defined as "an oxidizing material whose 
primary hazard is that it may increase the burning rate of combustible 
materials." Standard storage and handling procedures are adequate for 
handling these dry, solid salts. They should be stored dry and segre- 
gated from organic and combustible materials including wooden floors. 
Spills should be swept up and disposed of immediately. This is more a 
precautionary measure than a stringent requirement. If spills were al- 
lowed to permeate a wooden floor over a long period of time, the salt 
would increase any fire hazard. Nitrate salts are cormnonly shipped, 
however, in paper bags and on wooden pallets. 

Olin Chemicals, the major producer of sodium nitrate, and Park Chemi- 
cal, a major producer of draw salt and other nitrate salt mixtures, 
both ship their products in paper bags. The bulk handling of these ma- 
terials presents no special problems. Both the Olin and Park installa- 
tions were visited by a Badger engineer who verified their salt-han- 
dling practices. 

I 
Olin Chemical's sodium nitrate plant at Lake Charles, LA was built in 
1949 and currently has an annual production capacity of over 90,900 kg 
(200,000 lb). Sodium nitrate ( N ~ N O ~ )  is made from the acid 
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n e u t r a l i z a t i o n  of n i t r i c  a c i d  ( ~ ~ 0 3 )  with sodium hydroxide ( N ~ O H )  o r  
sodium carbonate  ( N ~ ~ c o ~ ) .  Temperatures over 589 K ( 6 0 0 0 ~ )  a r e  
used i n  p a r t s  o f  the  process.  Olin has  had 30 years  of  acc ident - f ree  
opera t ion .  

M 

Park Chemical blends,  packages, and d i s t r i b u t e s  n i t r a t e s  and o the r  
s a l t s  t o  be used i n  molten s a l t  baths .  They have been handl ing ,  pack- 

* aging and shipping dry powdered n i t r a t e s  f o r  over 60 years  without  an 
explosion o r  f i r e .  

Both potassium n i t r a t e  and sodium n i t r a t e  i n  t h e i r  s o l i d  s t a t e  a r e  used 
i n  f e r t i l i z e r s .  The use of sodium n i t r a t e  f e r t i l i z e r  d a t e s  back t o  the 
19th century.  Most of t he  n a t u r a l  sodium n i t r a t e  is mined and r e f ined  
i n  Chi le .  The s o l i d  product c o n s i s t s  of p e l l e t s  r a - ~ g i n g  from about 8 ~ 
t o  29 mesh and has  a p u r i t y  of g r e a t e r  than 98%. I t  is  s to red  i n  l a r g e  
s i l o s  and t ranspor ted  i n  sh ips  having a 10 x 10 kg bulk capac i ty .  
There is no h i s t o r y  of explosions o r  s e r i o u s  f i r e s  occur r ing  dur ing  the  
dry bulk shipment of t he se  s a l t s .  

N i t r a t e  s a l t  explosions such a s  the  infamous Texas C i ty  d i s a s t e r  [ a l s o  
Bres t ,  France (1947) and Red Sea (1952)l have nothing t o  do wi th  e i t h e r  
sodium n i t r a t e  o r  potassium n i t r a t e .  The explos ive  agent  i n  these  
cases  was ammonium n i t r a t e  t h a t  was coated with an organic  ma te r i a l .  
Needless t o  say ,  ammonium n i t r a t e  i s  no longer produced i n  t h i s  way. 

Amonium n i t r a t e  (NH4~03) is a s t r o n g  ox id i z ing  agent.  When mixed 
with combustible m a t e r i a l s ,  i t  i s  used a s  an explosive.  These explo- a 

s i v e  mixtures a r e  known a s  b l a s t i n g  agents  o r  n i t ro -ca rbo -n i t r a t e s .  
One example is t h a t  of 95% ammonium n i t r a t e  and 5% f u e l  o i l .   his mix- 
t u r e  has  au energy equiva len t  of 890 cal/gm compared t o  t h a t  of TNT, 
which is  820 cal/gm. Since ammonium n i t r a t e  is  not  shock-sensi t ive be- 
cause of i t s  slow r a t e  of energy r e l e a s e ,  t he se  explosions must be i n i -  
t i a t e d  by dynamite. 

Theo re t i ca l l y  a s i m i l a r  explos ive  mixture could be produced us ing  
e i t h e r  potassium n i t r a t e  o r  sodium n i t r a t e .  I n  f a c t ,  b lack  powder, a 
Class  B low explos ive ,  conta ins  sodium n i t r a t e .  However, s e v e r a l  
po in t s  must be made i n  t h i s  regard:  

1) The exothermic y i e l d  (energy r e l e a s e )  i s  only about 56% of  the  cor- 
responding ammonium n i t r a t e  mixture;  

I 2 )  The theory f o r  thermal i n i t i a t i o n  of  an explosion assumes a f i r s t - -  I 
order  r e a c t i o n  and an optimum f u e l - s a l t  mixture.  These a r e  worstm- 
case  assumptions. There is no evidence t h a t  such a r e a c t i o n  i s  i n  
f a c t  f i r s t - o r d e r ;  

3 )  I n i t i a t i o n  of a detorlation by shock is  most un l ike ly  t o  occur ,  even 
g ran t ing  the  supposed optimum mix; 
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4 )  The "supposed optimum mix" i s  most un l ike ly  t o  occur s i n c e  n e i t h e r  
sodium n i t r a t e  nor potassium n i t r a t e  a r e  coated o r  mixed with or- 
ganic  substances i n  sh ipping ,  handl ing and s to rage ;  



5 )  Count less  tons  of sodium n i t r a t e  and potass ium n i t r a t e  have been 
shipped and s t o r e d  i n  bu lk  f o r  a lmost  100 y e a r s  wi thou t  an ex- 
p l o s i o n  o c c u r r i n g .  

D o  EXPERIMENTS WITH HITEC 

b 

Experiments have been conducted t o  de te rmine  t h e  f l ammabi l i ty  o f  var-  
i o u s  o r g a n i c  m a t e r i a l s  i n  c o n t a c t  wi th  molten HITEC ( s e e  S . ,  ~ i b l i o g r a -  
phy). Combustible vapors  g e n e r a l l y  r e a c t e d  r e l a t i v e l y  s lowly  w i t h  
HITEC and escaped b e f o r e  complete combustion occurred.  ~ a s o l i n e  va- 
p o r s ,  h igh  i n  u n s a t u r a t e d  compounds, were bubbled through molten HITEC 
f o r  two hours  a t  866 K ( 1 1 0 0 0 ~ ) .  The r e s u l t s  i n d i c a t e d  t h a t  over  90% 
o f  t h e  g a s o l i n e  was recovered  unchanged. The r e a c t i o n  between HITEC 
and ammonia was a l s o  s t u d i e d  under s i m i l a r  c o n d i t i o n s .  The r e s u l t s  in-  
d i c a t e d  t h a t  l e s s  than 50% of  ammonia r e a c t e d  wi th  t h e  HITEC. Changes 
i n  t h e  s a l t  composi t ion were n e g l i g i b l e  i n  both  exper iments .  

Flammable l i q u i d s  vapor ize  r a p i d l y  i n  c o n t a c t  wi th  molten HITEC and 
burn a t  the  s u r f a c e  j u s t  a s  on any h o t  s u r f a c e .  Crude o i l  burned s i m i -  
l a r l y  on t h e  s u r f a c e  of  molten l e a d  a t  t h e  same tempera tu re .  Motor 
g a s o l i n e ,  cracked g a s o l i n e ,  gas  o i l ,  and crude o i l  were s e p a r a t e l y  mix- 
ed w i t h  s u l f u r  and r e l e a s e d  below t h e  s u r f a c e  o f  a n  open c o n t a i n e r  o f  
HITEC a t  866 K (1100oF). I n  each c a s e ,  t h e  hydrocarbons v a p o r i z e d  

J and burned. Cons iderab le  s p a t t e r i n g  of  h o t  s a l t  due t o  r a p i d ,  subsur-  

face' v a p o r i z a t i o n  occur red  wi th  t h e  c rude  o i l  and g a s o l i n e  mix tures .  
There was l i t t l e  change i n  t h e  s a l t  composi t ion,  i n d i c a t i n g  t h a t  t h e  

e p r i n c i p a l  r e a c t i o n s  were between t h e  vapor ized  hydrocarbons and t h e  a i r  
above t h e  s a l t  b a t h  and n o t  wi th  t h e  s a l t  i t s e l f .  

Combustible s o l  i d s  such a s  wood, coke,  paper ,  p l a s t i c s  , c y a n i d e s ,  chlo-  
r a t e s ,  ammonium s a l t s  and a c t i v e  m e t a l s  such a s  magnesium must n o t  come 
i n  c o n t a c t  wi th  molten HITEC. Heat- t reatment  o f  aluminum p a r t s  i n  mol- 
t e n  HITEC is  a  common and s a f e  p r a c t i c e  when s u i t a b l e  p r e c a u t i o n s  a r e  
taken.  

V i o l e n t  combustion r e s u l t e d  when ground petroleum coke was h e l d  beneath  
t h e  s u r f a c e  o f  HITEC a t  894 K (1150°F). Subsequent a n a l y s i s  r e v e a l e d  
t h a t  t h e  HITEC had taken p a r t  i n  t h e  r e a c t i o n .  I f  HITEC i s  c o n t a c t e d  
wi th  i r o n  f i l i n g s ,  a  t h e r m i t e - l i k e  r e a c t i o n  would occur .  S i m i l a r l y ,  
mix tu res  of  f i n e  aluminum and i r o n  f i l i n g s  r e a c t e d  wi th  HITEC a t  811 K 
(1000oF), producing enough h e a t  t o  burn through a  n i c k e l  c r u c i b l e .  

F ine  c h a r c o a l  f l a r e d  up and burned v i g o r o u s l y  when placed on t h e  su r -  
f a c e  o f  HITEC a t  922  K ( 1 2 0 0 0 ~ ) ~  b u t  g r e a s e  burned q u i e t l y  under t h e  

* same c o n d i t i o n s .  When an oxygen-balanced mix ture  o f  HITEC and p a r a f f i n  
was h e a t e d  r a p i d l y  t o  866 K ( 1 1 0 0 0 ~ ) ,  t h e  p a r a f f i n  merely v o l a t i z e d  
and burned,  l e a v i n g  t h e  s a l t  p r a c t i c a l l y  unchanged. However, an  80% 

i H I T E C / ~ ~ %  nylon mix ture  burned v i g o r o u s l y  a t  672  K ( 7 5 0 0 ~ )  w i t h  sub- 
sequen t  a n a l y s i s  i n d i c a t i n g  t h a t  t h e  HITEC had taken p a r t  i n  t h e  reac-  
t ion.  



Experimental  d a t a  i n d i c a t e  t h a t  HITEC is n o t  exp los ive .  HITEC, o r  mix- 
t u r e s  o f  HITEC and p a r a f f i n ,  petroleum, nylon o r  topped Houdry conden- 
s a t e ,  could  n o t  be  de tona ted  a t  464 K ( 3 7 5 0 ~ )  and 25 in .  o f  mercury 
u s i n g  a No. 8  b l a s t i n g  cap  o r  0.23 kg (0.5 l b )  o f  b l a s t i n g  g e l a t i n .  
HITEC was s i m i l a r l y  i n s e n s i t i v e  t o  e x p l o s i o n  a t  866 K ( 1 1 0 0 0 ~ ) .  
Oxygen-balanced mix tures  o f  HITEC and f i n e l y  d i v i d e d  char-  c o a l  o r  
topped Houdry condensate  could  no t  be de tona ted  by v igorous  h e a t i n g  
under confinement.  P r e s s u r e s  o f  5.66 x 106 kPa (18,000 p s i )  were 
a t t a i n e d  d u r i n g  t h i s  exper iment .  

Draw s a l t  o r  any o t h e r  mixture  of  sodium n i t r a t e  and potass ium n i t r a t e  
is expected t o  a c t  s i m i l a r l y  t o  HITEC. These mix tures ,  however, a r e  
somewhat s t r o n g e r  o x i d i z i n g  a g e n t s  s i n c e  they do no t  c o n t a i n  n i t r i t e  
s a l t s .  These exper iments  i n d i c a t e d  t h a t  l i q u i d  and gaseous o x i d i z a b l e  
m a t e r i a l s  do n o t  r e a c t  o r  r e a c t  on ly  v e r y  s l i g h t l y  wi th  t h e s e  molten 
s a l t s .  The on ly  danger o f  s e r i o u s  e x p l o s i o n  would invo lve  s a l t  r e a c t -  
i n g  w i t h  f i n e l y  d i v i d e d  s o l i d s .  

E . MOLTEN SALT BATHS 

The i n d u s t r i a l  u s e  of  molten s a l t  f o r  t h e  hea t - t rea tment  o f  meta l  o r i g -  
i n a t e d  i n  England a t  t h e  t u r n  o f  t h e  c e n t u r y  and q u i c k l y  sp read .  I t  
became popular  i n  t h e  United S t a t e s  d u r i n g  World War I1 when i t  became 
n e c e s s a r y  t o  s t r e s s - r e l i e v e  l a r g e  s t r u c t u r e s  such as a i r p l a n e  wing sec-  

* t i o n s .  Molten s a l t s  a r e  chemica l ly  s t a b l e  and form an i n e r t  h e a t i n g  
medium i n  which t h e  metal  work i s  immersed. The o u t s t a n d i n g  c h a r a c t e r -  
i s t i c  o f  t h e  molten s a l t  b a t h  i s  t h e  uniform and r a p i d  r a t e  of  h e a t  
t r a n s f e r  from t h e  molten s a l t  b a t h  t o  t h e  m e t a l l i c  p a r t .  Draw s a l t ,  o r  
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s i m i l a r  n i t r a t e  combinat i o n s ,  is  e x t e n s i v e l y  used i n  t h e  a n n e a l i n g ,  
quenching,  and tempering of  meta l s .  I t  is  e s t i m a t e d  t h a t  3 t o  5  m i l -  
l i o n  kg ( 7  t o  10 m i l l i o n  l b )  of  t h i s  s a l t  a r e  c u r r e n t l y  be ing  used f o r  
t h i s  purpose i n  t h e  Uni ted S t a t e s .  Metal - t reatment  i s  performed i n  
open b a t h s  a t  s a l t  t empera tu res  of  422 K ( 3 0 0 0 ~ )  t o  866 K 
( 1 1 0 0 0 ~ ) .  The p i e c e s  a r e  hung on r a c k s  o r  conveyor b e l t s  and a r e  
dipped i n t o  t h e  open b a t h s  o f  h o t  molten draw s a l t .  The b a t h s  a r e  
melted and k e p t  molten w i t h  e i t h e r  gas  f i r i n g  o r  e l e c t r i c  r e s i s t a n c e  
immersion h e a t i n g .  No e x t r a o r d i n a r y  s a f e t y  p r e c a u t i o n s  a r e  r e q u i r e d  
and i t  i s  common f o r  workers t o  go about  t h e i r  b u s i n e s s  i n  c l o s e  prox- 
i m i t y  t o  t h e s e  open b a t h s .  

The c h i e f  hazards  connected wi th  n i t r a t e  molten s a l t  b a t h s  a r e  due t o  
t h e i r  h igh  t empera tu re  and t h e i r  c h a r a c t e r  a s  o x i d i z i n g  a g e n t s .  One 
famous e x p l o s i o n  occur red  when a  worker e r roneous ly  dumped a  bag o f  cy- 
a n i d e  s a l t  i n t o  a  molten draw s a l t  b a t h .  The combination o f  a  f i n e l y  
d iv ided  combust ib le  and a  h o t  o x i d i z i n g  agen t  had t h e  p r e d i c t a b l e  re-  

,. s u l t s .  Th i s  type o f  a c c i d e n t  is v i r t u a l l y  impossible  i n  t h e  type  of 
s a l t  sys tem proposed f o r  energy s t o r a g e  and t r a n s p o r t .  The t anks  w i l l  
be c l o s e d  and i n a c c e s s i b l e .  I n  a d d i t i o n ,  no combust ib le  s o l i d s  w i l l  be 

A a v a i l a b l e  f o r  dumping i n t o  the  tanks .  The second e x p l o s i v e  hazard  
sometimes r e p o r t e d  i n  t h e  l i t e r a t u r e  i s  t h e  water  exp los ion .  T h i s ,  
however, i s  due t o  t h e  r a p i d  v a p o r i z a t i o n  of  wa te r  and n o t  t o  any chem- 
i c a l  r e a c t i o n  o r  combustion. 



The vapor iza t ion  of water a t  atmospheric pressure is  accompanied by a 
1600-fold volumetric increase.  Water added t o  a  hot  molten s a l t  bath 
would b o i l  instantaneously.  This would have an e f f e c t  s i m i l a r  t o  drop- 
ping water i n t o  a  f ry ing  pan of hot  bacon grease. Gradual and care- 
f u l l y  con t ro l l ed  add i t ions  of water cause no d i f f i c u l t i e s .  I n  f a c t ,  
some metal t r e a t e r s  slowly i n j e c t  water i n t o  draw s a l t  ba ths  t o  enhance 
t h e i r  hea t  t r a n s f e r  p rope r t i e s .  A hea t  exchanger leak i n  the proposed 
system would not  cause an explosion. E i the r  the  leak would a l ready be 
steam o r  the water would f l a sh  through the crack. The f i r s t  probable 
ind ica t ion  of such a  leak would be a  steam plume appearing a t  the 
co ld-sa l t  s torage  vent.  

Some dangers from fumes i n  s a l t  bath i n s t a l l a t i o n s  have a l s o  been re- 
ported. The fumes a r e  not due t o  the s a l t  a s  such. They a r i s e  from 
the following app l i ca t ion .  P l a s t i c  o r  rubber-coated metal ob jec t s  a r e  
immersed i n  the s a l t  bath t o  burn o f f  the  coa t ing  and salvage the 
metal. The fumes a r e  the p a r t i a l l y  oxidized remnants of the organic 
coat ing.  This hazard a l s o  does not apply to  an energy s torage  i n s t a l l -  
a t i o n  for  obvious reasons. 

Several explosions have been reported over the  years i n  meta l - t rea t ing  
p lants .  One f ac to r  is comon t o  nea r ly  a l l  of these inc idents :  the 
s a l t  bath was allowed t o  overheat due t o  poor temperature cont ro l .  I n  
some ins tances ,  temperatures over 977 K ( 1 3 0 0 0 ~ )  were repor ted  before 
the  accident .  A t  t h a t  poin t ,  the s a l t  probably reac ted  v i o l e n t l y  
e i t h e r  with the sludge t h a t  c o l l e c t s  a t  the bottom of poorly maintained 
metal- t reat ing baths o r  with the mild-steel  bath conta iners .  These ac- 
c iden t s  a r e  a  matter of ca re l e s sness ,  poor opera t ing  techniques o r  bad 
housekeeping. Companies t h a t  a r e  c a r e f u l  about the con t ro l  and condi- 
t i o n  of t h e i r  baths have had many years of explosionand f i r e - f r e e  oper- 

fi a t ion .  Some examples of companies contacted by phone or  i n  person a r e  
l i s t e d  in  Table 1. In  a l l  cases ,  t h e i r  operat ions have been f r e e  from 
se r ious  acc idents  throughout t h e i r  opera t ing  h i s  tory.  

I Table 2 Some Nitlaate SaZt Bath ~nstaZZations 



D e s p i t e  t h e  f a c t  t h a t  a c c i d e n t s  have occur red  i n  m e t a l - t r e a t i n g  ap- 
p l i c a t i o n s  of t h e  n i t r a t e  s a l t s ,  t h e  c o n d i t i o n s  t h a t  caused t h e  a c c i -  
d e n t s  a r e  e n t i r e l y  p reven tab le .  Moreover, none o f  t h e  c a u s e s  o f  
t h e s e  acc iden t s - - the  p o s s i b i l i t y  of  o v e r h e a t i n g ,  m e t a l - t r e a t i n g  
s l u d g e ,  and carbon s t e e l  i n  s a l t  s e r v i c e  over  9000F--will be  pre- 
s e n t  i n  an energy s t o r a g e  system. 

i 

I F. CHEMICAL PROCESS INDUSTRY 

The petroleum i n d u s t r y  was t h e  f i r s t  t o  beg in  u s i n g  molten s a l t  a s  a  
h e a t  t r a n s f e r  media i n  t h e  mid-1920s. By 1939, h e a t  t r a n s f e r  s a l t  
was b e i n g  used by Socony-Vacuum O i l  Company and Sun O i l  Company i n  
t h e i r  Houdry c a t a l y t i c  c r a c k i n g  u n i t s .  These u n i t s  used approxi-  
mately  0.5 m i l l i o n  kg ( 1  m i l l i o n  l b )  o f  t h e  molten s a l t  pe r  u n i t  f o r  
removal o f  t h e  h e a t  of  combustion from s p e n t  c a t a l y s t  a t  900oF. By 
1947, a t  which t ime t h e  u s e  of  t h i s  p rocess  was a t  i t s  peak, abou t  
13.6 m i l l i o n  kg (30 m i l l i o n  l b )  o f  h e a t  t r a n s f e r  s a l t  was b e i n g  used 
i n  t h e s e  p l a n t s .  Socony-Vacuum O i l  Company l a t e r  used h e a t  t r a n s f e r  
s a l t s  i n  t h e i r  Thermofor k i l n s  f o r  t h e  r e g e n e r a t i o n  of  lube-o i l  de- 
c o l o r i z i n g  c l a y s .  

More r e c e n t l y  t h e  chemical i n d u s t r y  h a s  adopted h e a t  t r a n s f e r  s a l t s  
t o  p rov ide  h e a t i n g  and c o o l i n g  f o r  h igh- temperature  r e a c t i o n s .  The 
wides t  use  h a s  been i n  p h t h a l i c  and male ic  anhydride  c a t a l y t i c  con- 
v e r t e r s  where naph tha lene  o r  benzene a r e  ox id ized  by a i r  a t  tempera- 
t u r e s  of  616 K ( 6 5 0 0 ~ )  t o  727 K ( 8 5 0 0 ~ ) .  Another s i m i l a r  a p p l i -  

9 " .  c a t i o n  i s  i n  a lkylamine c o n v e r t e r s  t h a t  o p e r a t e  a t  621 K ( 6 5 9 0 ~ )  t o  
755 K ( 9 0 0 0 ~ ) .  Both o p e r a t i o n s  invo lve  c o o l i n g  o f  the  r e a c t o r  bed 
wi th  s a l t  and g e n e r a t i o n  of  steam from t h e  waste  h e a t  i n  t h e  s a l t .  
Heat t r a n s f e r  s a l t s  a r e  now be ing  used f o r  s u l f u r  d i s t i l l a t i o n  a t  
temperatures  a s  h igh  a s  805 K ( 9 9 0 0 ~ )  and f o r  c o n c e n t r a t i o n  of so- 
dium and potass ium hydroxides .  They a r e  a l s o  used f o r  c l e a n i n g  p las -  
t i c  and rubber-molding equipment. C o a s t a l  Chemical Company, t h e  d i s -  
t r i b u t o r  of  HITEC, e s t i m a t e s  t h e  c u r r e n t  worldwide usage a t  approxi-  
mately 45 m i l l i o n  kg (100 m i l l i o n  l b ) .  

Major u s e r s  of  HITEC f o r  h e a t  t r a n s f e r  i n  chemical  p rocesses  i n c l u d e  
Diamond Shamrock, Koppers, BASF Wyandote, Celanese ,  Rohm and Haas, 
Exxon, DuPont, American Cyanamid and Monsanto. These i n s t a l l a t i o n s  
have about  a  15-mil l ion- lb  s a l t  inven tory .  The s a l t  is  used a s  a  
c o o l a n t  f o r  p h t h a l i c  anhydride  and a c r y l i c  a c i d  r e a c t o r s  and a s  3 

h e a t i n g  medium f o r  d r y i n g  c a u s t i c  soda.  

Two a d d i t i o n a l  u s e r s  of  molten n i t r a t e  s a l t s  f o r  h e a t  t r a n s f e r  were 
c o n t a c t e d  by phone and i n  person.  N e i t h e r  company would a l l o w  i t s  
name t o  be mentioned i n  a p u b l i c  r e p o r t .  They a l s o  r e q u i r e d  a s s u r -  

a ances  t h a t  d e t a i l s  of  t h e i r  o p e r a t  ions  t h a t  inc luded  p r o p r i e t a r y  in- 
format ion would n o t  be  d ivu lged .  



The total amount of molten salt installed in these two plants is 
about 0.7 million kg (1.5 million lb). One plant uses HITEC, the 
other a salt with a composition close to draw salt. They are typical 
of the users previously mentioned. Each of these plants has been op- 
erating for more than 10 years at salt temperatures between 644 K 
(7000~) and 755 K (9000~). Neither company has had any fires, 
explosions or serious accidents attributable to the use of heat 
transfer salt, Both have had experiences of molten salt leaking into 
the process side (including organics) of the equipment or steam leak- 
ing into the molten salt due to poor welds or corrosive boiler feed 
water, The leaks were not attributed to the salt; they had no effect 
other than causing some lost production due to downtime, and no seri- 
ous damage occurred because of them. These operators are careful to 
clean up spills, provide safe drainage areas in case of major salt 
leaks, and keep the molten salt isolated from organic or other readi- 
ly oxidizable materials. 

The conclusions of this investigation are clear, Certain hazarda are 
connected with the use of molten salt. The temperature and oxidizing 
nature of the material are the sources of these hazards. However, 
with proper care and ordinary safety precautions, one can expect an 
excellent safety record with a good deal of assurance. Moreover, the 
expertise for handling molten salt safety is in existence and many 
installations of all kinds have logged many years without any salt-- 
related accidents. There is no reason to expect that solar and ther- 

i, 

ma1 storage applications should do any worse. 
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I IV • SAFETY PROCEDURES AND DESIGN PRACTICES 

A.  DRY STORAGE 

4 Sodium n i t r a t e  and potass ium n i t r a t e  pose no s p e c i a l  s t o r a g e  prob- 
lems. S ince  they a r e  o x i d i z i n g  a g e n t s ,  they would a g g r a v a t e  a f i r e  
should  one begin .  T h e r e f o r e ,  t h e s e  s a l t s  should  n o t  be s t o r e d  on 
wooden f l o o r s .  S to rage  b u i l d i n g s  shou ld  b e  c o n s t r u c t e d  o f  f i r e - p r o o f  
o r  f i r e - r e s i s t a n t  m a t e r i a l s .  

Sodium n i t r a t e  and potass ium n i t r a t e  a r e  somewhat hygroscopic  and 
tend t o  cake.  They should t h e r e f o r e  b e  s t o r e d  i n  a d r y  p l a c e  o r  i n  
bags o r  drums. 

These s a l t s  a r e  n e i t h e r  poisonous nor  p a r t i c u l a r l y  i r r i t a t i n g .  Nev- 
e r t h e l e s s ,  good h e a l t h  and s a f e t y  p r a c t i c e s  r e q u i r e  t h a t  personnel  b e  
p r o t e c t e d  from i n g e s t i n g  o r  b r e a t h i n g  t h e  d u s t .  Contac t  wi th  t h e  
s a l t s  should  be minimized by means of  rubberor  p l a s t i c - c o a t e d  g loves  
and s a f e t y  goggles .  Opera t ing  personne l  who work i n  t h e  s t o r a g e  
a r e a s  o r  who h a n d l e ,  package, load  o r  unload t h e s e  s a l t s  shou ld  wear 
c l e a n  uniforms d a i l y .  C lo th  impregnated wi th  draw s a l t  h a s  i n c r e a s e d  
f l ammabi l i ty  and can a l s o  be i r r i t a t i n g .  Food should n o t  be  permit-  
t e d  i n  s t o r a g e  a r e a s .  

B. MOLTEN STORAGE 

Many of  t h e  s a f e t y  p r e c a u t i o n s  p r a c t i c e d  i n  m e t a l - t r e a t i n g  p l a n t s  
would no t  be necessa ry  i n  a n  energy s t o r a g e  system. There  a r e  no 
open b a t h s  i n  such a system and t h e r e f o r e  t h e  chance o f  t h e  molten 
s a l t  coming i n  c o n t a c t  wi th  personnel  o r  o r g a n i c  o r  combust ib le  mate- 
r i a l  i s  p r a c t i c a l l y  e l i m i n a t e d .  I f  open draw s a l t  b a t h s  can b e  oper- 
a t e d  s a f e l y  f o r  rnany y e a r s ,  t h e r e  i s  every  reason  t o  b e l i e v e  t h a t  
c l o s e d  s t o r a g e  can be des igned t o  be a c c i d e n t - f r e e .  S to rage  t anks  
shou ld  be  d iked  i n d i v i d u a l l y  s o  t h e  d i k e  w i l l  c o n t a i n  t h e  e n t i r e  t ank  
inven tory .   his is  t o  p reven t  h o t  s a l t  caused by a p o s s i b l e  t ank  
r u p t u r e  from a t t a c k i n g  combust ib le  m a t e r i a l  o r  damaging equipment. 
The diked a r e a s  should be k e p t  f r e e  of  combust ib le  m a t e r i a l s  and 
l a r g e  puddles o f  r a i n  water .  

The most l i k e l y  s o u r c e s  of l e a k s  i n  any p l a n t  a r e  t h e  pump s e a l s .  
a Pumps should t h e r e f o r e  be checked every  s h i f t .  Pe rsonne l  shou ld  be  

p r o t e c t e d  from p o s s i b l e  s a l t  l e a k s  by r o u t i n g  walkways away from po- 
t e n t i a l  l e a k s  and s h i e l d i n g  where n e c e s s a r y ,  Concrete  d r a i n s  shou ld  
be provided t o  a l l o w  any s a l t  l e a k s  t o  flow away from t h e  pumps, 

h 

p i p i n g  and equipment t o  a s a f e  and i s o l a t e d  a r e a .  Molten s a l t  shou ld  
be allowed t o  s o l i d i f y  and coo l  b e f o r e  c leanup.  The mass can then be 
chopped up and c a r t e d  away by hand and t h e  remainder f lushed  away 
with  water .  
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Should the molten salt freeze in any tank or equipment, it should be 
melted from the free surface down. Salt trapped in a confined volume 
will expand on melting and possibly rupture the containment vessel or 
pipe line. 

A small quantity of salt should be drained from the bottom of each 
storage tank periodically to prevent any sludge buildup. This will 

* probably be done anyway to recondition the salt. I 

HEAT TRANSPORT SYSTEMS 

The main cause of serious accidents involving nitrate salts has been 
overheating of salt in contact with mild steel or some other readily 
oxidizable metal. Therefore all equipment should be designed so salt 
heated over 866 K (11000~) does not contact mild steels. Incoloy 
800, 347 SS or similar steels should be used for high-temperature 
service and in any places where hot spots or overheating can occur. 
This is necessary only in a solar receiver or fired heater. Salt 
cannot overheat in the heat exchange area since it is the heating 
medium. 

Welded joints and expansion loops in draw salt service should be de- 
signed, installed and inspected with extra care for integrity. Draw 
salt is extremely penetrative when hot and can leak through a porous 
weld. All heat exchangers should be provided with liquid relief 

F. valves that are adequately heat-traced to ensure that the salt re- 
mains liquid in the valve and that the valve operates smoothly. 
These valves should discharge to safe locations away from equipment 
and personnel. All equipment should be designed and heat-traced to  
keep salt molten in critical places so valves and other safety de- 
vices will operate properly. 

Thermocouple wells should be of a seamless construction and be ther- 
mally durable and corrosion-resistant. Thermocouples should be lo- 
cated to catch all possible hot spots of container walls, particular- 
ly in the case of fuel-fired furnaces. Solar receivers and salt 
heaters should be designed to allow the escape of steam discharged 
into the salt from a possible heat exchanger tube leak. 

D. FIREFIGHTING 

Water from spray sprinklers or low-velocity fog nozzles is recom- 
mended for oil-fired salt heating units because the water will not 

N. sufficiently penetrate the surface o f  molten draw salt to cause dan- 
gerous spattering. Carbon dioxide and approved dry powder-type fire 
extinguishers can be used,satisfactorily to extinguish fires in the 
vicinity of a salt unit. Vaporizing liquids (i.e. carbon 







APPENDIX B--DATA FROM NATIONAL FIRE PROTECTION ASSOCIATION 
1 

The NatSonal Fire Protection Association (NFPA) lists potassium nitrate 
and sodium nitrate in Hazardous Chemicals Data (NFPA No. 49). These data 
are given: 

The NFPA Code for the Storage of Liquid and Solid Oxidizing Materials 
(NFPA 43A)  classifies oxidizing materials as follows: 

Class 1 Oxidizer 

An oxidizing material whose primary hazard is that it may 
increase the burning rate of combustible materials. 

L 

Class 2 Oxidizer 

An oxidizing material that,can undergo vigorous self-sustained 
decomposition when catalyzed or exposed to heat. 

class 3 Oxidizer 

An oxidizing material that can undergo vigorous self-sustained 
decomposition when catalyzed or exposed to heat. * 

Class 4 Oxidizer 
l 

An oxidizing material that can undergo an explosive reaction 
when catalyzed or exposed to heat, shock, or friction. 

Both potassium nitrate and sodium nitrate are considered Class 1 oxidizers. 

Potassium Nitrate KN03 

Description: 

White crystals or powder. 

Fire and Explosion Hazards: 

Oxidizing material. In contact with easily oxidizable substances it 
may react rapidly enough to cause ignition, violent combustion or. 
explosion. Increases the flammability of any combustible substance. 

Life Hazard: 

.* Yields toxic gaseous oxides of nitrogen when involved in fire. 

Personal Protection: 
U In fire conditions, wear self-contained breathing apparatus, 

18 
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Firef ighting Phases : 
)r Use flooding amount of water in early stages of fire. When large 

quantities are involved in fire, nitrate may fuse or melt, in which 
condition application of water may result in extensive scattering 

1) of molten material. 

Usual Shipping Containers: 

Bottles, bags, boxes, cans, barrels, drums, bulk. 

Storage : 

Protect against physical damage. Store in cool, dry place. 
Separate from combustible, organic or other readily oxidizable 
materials. Avoid storage on wood floors. Immediately remove 
and dispose of any spilled nitrate. 

Remarks : 

See code for Storage of Liquid and Solid Oxidizing Materials 
(NFAP No. 4 3A) . 

Sodium Nitrate NaN03 

Description: 
1 

Colorless, transparent or white crystals. I 
Fire and Explosion Hazards: 

Oxidizing material. If sodium nitrate is in contact with easily 
oxidizable substances, violent combustion or explosion may result 
upon ignition from any source. Increases the flammability of any 
combustible substance. 

Life Hazard: " 

Yields toxic gaseous oxides of nitrogen when involved in fire. I 
Personal Protection: I 
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