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• “SCREENING STUDY TO IDENTIFY PHASE CHANGE
COOLANTS FOR PORTABLE LIFE SUPPORT SYSTEMS”

1.0 SUMMARY

1.1 Program Objective

The U. S. Navy Clothing and Textile Research
Facility of Natick, Massachusetts, wishes to

• identify nontoxic , nonflammable compound s or mix—
• tures of compounds which would produce a phase or

physical change specific cooling effect greater
than that produced by the heat of fusion of wet ice.
The compounds or mixtures of interest shall produce
this cooling effect at or near atmospheric pressure
and below 5°C.

More specifically, the present ice fusion system
weighing 40 pounds, with 12 pounds being due to the
ice, and 4 pounds to the heat exchanger , will
supply the minimal needed 504 Kcal/hr (2000 Btu/hr)
for one hour ,but is too heavy . The Navy would like
to have as a minimum a total system which weighs
less than 30 pounds, and which can supply the 504
Kcal/hr cooling for one hour.

This study was directed towards identifying coolant
materials more efficient than ice which also had the
additionally desired properties of safety , reasonable
logistics , and reasonable costs.

1.2 Methodology Overview

I. . Figure 1 shows the tasks addressed during this study,
and their interrelationships. Categorically, the
classes of coolants addressed included :

(1) one phase change with one compound
(2) two or more phase changes with one compound

. - -

~

. -.-----

~

--

~ 

~~
.- .-

~~~~ -- -.- -



..

~~~~ 

-
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r~ii

I r

I ‘~ U~~ O O 6 S  \ \
o

H ~~~ Q r- i.t~_ . ~~~~~~o n i  ~ —

U) f ~~~i9-4 ’-4 f) r-1
I~~~~~~~~~~~~) 0 ‘4~~~E-I Q4 f~~ O El U) 0

U ‘;~

‘1’I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(3) one phase change wi th  each of two or
more compounds

(4) one non-phase ch~tnge process with onecompound
(5) a non-phase process(es) combined with a

phase change for one or more compounds.

1.3 Principal Results and Recor~iendations

The coolants recommended for consideration are
carbon dioxide, an ammonia-carbon dioxide mixture ,
and a salt such as potassium acid fluoride
incorporated into ice.

In the carbon dioxide system , solid carbon dioxide
(dry ice) will sublimate and the resultant gases
warm to 4°C, then be expelled from the suit.
The heat absorption for this process is 153.0 Kcal/kg.
To achieve 504 Kcal (2000 Btu) of cooling , 3.3 Kg.
(7.3 lbs) of carbon dioxide is needed. This is an
83% improvement over the heat absorption of ice
melting and warming to 4°C , or a 45°o reduction in
the weight of ice needed. The carbon dioxide
system appears to be completely safe , with reasonable
logistics.

In the ammonia-carbon dioxide system , the carbon
dioxide will sublimate , the ammonia vaporize , and
the resultant gases warm to 4°C, then with mixing
be expelled from the suit. This system might be
flammable , so should be examined in the laboratory ,
as is discussed in Section 5. The heat absorption
for this system is an impressive 198.5 Kcal/kg for
an 0.8 mole ratio of ammonia to carbon dioxide. To
achieve 504 Kcal (2000 Btu) of cooling , 2.5 Kg
(5.6 lbs) of total coolant is needed. This is a
137% improvement over the heat absorption of ice
melting and warming to 4°C, or a 58% reduction in
the weight of ice needed. Aside from the flammability
which must be examined , the logistics of the system
appear reasonable.

In the potassium acid fluoride-ice system , the heat
of solution of the salt is added to the heat of
fusion of ice. Over the temperature range of about I]
—15 to 5°C , this system yields 121 Kcal/kg .To achieve
504 Kcal (2000 Btu) of cooling , 4.12 Kg (9.2 ibs) of
total coolant is needed. This is a 45% improvement

—3— 
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over the ice alone system , or a 31% reduction in
the weight of ice needed. The salt wi l l  decompose
about 225°C . Wi th decomposition or acids , toxic
fumes result. Otherwise , tue logistics of the
system appear reasonable.

2.0 EXPANDED DISCUSSION OF RESULTS

2. 1 One Phase Change With One Compound Class

Basic reference compendiums and two computer searches
of relevant data banks were searched for safe com-
pounds having either heats of fusion , heats of
vaporization , or heats of sublimation great than
80 Kcal/kg (the heat fusion of ice) about or
below 10°C at atmospheric pressure. Some flexi-
bili ty in temperature was extended to compounds with
high vapor pressures.

Only the sublimation of carbon dioxide was found to
meet all of the cooling and safety requirements , and
provide a 42% weight reduction in the amount of ice
needed to obtain 504 Kcal or 2000 Btu of cooling for
one hour.

Other compounds were found that could meet the
cooling , but not the safety requirements.

A few compounds which could only partially meet the
safety requirements , but which appeared to meet the
cooling requirements , suggested themselves as
candidates to be combined with a coolant diluent ,
li ke carbon dioxide , for increased safety . These
combinations are discussed in Section 2.3 and 2.3.2.

2.1.1 Cooling Obtained From Heat of Fusion

Only amrnonia~
3
~~ was found to have a heat of fusion

fitting the desired cooling criteria. At -75°C , its
heat of fusion is 108 Kcal/kg. Due Lo the uncom-
moness of solid ammonia and its anticipated logistical
problems, it was not considered further.
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2.1.2 Cooling Obtained From Heat  of Vapor i za t ion

Twenty-three compounds were found having heats of
vaporization fitting the desired cooling criteria.
Of the 23 , oniy five could , with reservation , be
considered fu r the r .  The remainder were not safe .

The 23 compounds are listed in Table I. Additional
safety and toxicology data from Ref. 2 are in
Appendix I.

The five compounds with their heat of vaporization
at 0°C in Kcal/kg given in parentheses , which
received reserved recommendations pending combina—
tion with a diluent for safety are : ammonia (301.6),
acetone (134.8), methanol (284), ethanol (219.8)
and n-propanol (193).

Carbon dioxide, also listed in Table I was identified
as the possible diluent.

Of the five compounds , ammonia and/or methanol corn-
bined with carbon dioxide were the most at tractive
coolant combinations .

2.1.3 Cooling Obtained From Heat of Subl imat ion

A few organic compounds , listed in Table II, had
attractive heats of sublimation into the temperature
range of interest, but t1-~ir vapor pressures at thesetemperatures were too low for f u r t h e r  consideration.

Carbon dioxide has a heat of sublimation of 137 Kcal/kg
• at -78°C, and is safe. Table III l ists the wei ght of

solid carbon dioxide or dry ice needed to obtain
cooling rates of 252 Kcal/hr. (1000 Btu/hr) or
605 Kcal/hr. (2400 Btu/hr) for 1, 2, or 4 hours.

The weight of carbon dioxide needed to produce 504 i~cd1or 2000 Btu of cooling for one hour is 3 .68  Kg or
8.1 lbs., a 42% decrease in the 14 pounds of ice that
would be needed to achieve the same coo ’ing .

I -
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• 2.2 Two or More Phase Changes With One Compound Class

The objective was to find compound s which would
undergo multiple phase changes within reasonable
condition limits , None was found , except the coolants
used in refrigeration systems. Such coolants undergo
vaporization-condensation in a cyclic fashion.

‘ 
Since the usual refrigeration coolants are one of
the Freons , which are non-flammable and vi r tual ly

• non—toxic , t±ie refrigeration industry along with
government research groups , were surveyed to learn
if a portable heat pump was feasible.

Neither existing units, nor combinations of available
components appear capable of meeting the minimum
504 Kcal or 2000 Btu cooling with a system weighing
less than 30 pounds. Some developmental systems
look promising , particularly those discussed in
reference 24.

2.2.1 Refrigeration Systems and Cooling Units

The two major components to a refrigeration unit are
the cooling system (compressor , motor , condenser ,
f luid , pump or fan) and the power pack. Table IV
lists complete refrigeration systems first, then
cooling units. System No. 1 is an o f f — t h e- sh e l f
refrigeration unit capable of supplying 1500 Btu/hr
cooling and weighing 46 pounds. A significant por-
tion of its weight is in the 22 pound inverter . The
designer of this system (Ref. 6) believes System
No. 1 can be refined as described in System No. 2,
such that a DC, not an AC motor is used , and 1500
Btu/hr cooling rate would require a 16 pound unit.
Systems numbered 3 to 5 are cooling units only, which
still require power packs . System No. 5 has an AC
motor , hence an inverter is needed with it. For the
cooling offered by Systems 3 to 5, their weights are
high.

2.2.2 Major Components for Refrigeration Systems -:

Table V lists two of the major components in a
refrigeration system : the compressor (with motor)
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and the power pack. All of the compressors are
F available and have AC motors , which need inverters.

By combining appropriate batteries , all but one of
which are available , with the various compressors ,
it is evident that the weight of the total systems
will be too h igh .

2 .3  One Phase Change With Each of Two or More Compounds
Class

Two different types of systems fall into this class.
The first deals with adding a water soluble salt to
ice such that the cooling would be obtained from the
heat of fusion of the ice , plus the heat of solution
of the salt.

Seven water soluble , non—explosive salts have heats
of solution ranging from 74.6 to 99.6 Kcal/kg, but
of these only ammonium chloride with a heat of solu-
tion of 76.5 Kcal/kg appears completely safe. Since
this value is no improvement over the heat of fusion
of ice, no weight advantage is gained by its use.
?~H~ HF2 , KHF 2 ,  and NaHF2 have attractive cooling
properties , especially K1-1F2, but their safety is
questionable . A solution of 30g KJIF 2 in 100 g. of
water has a combined heat of fusion and heat of solu-
tion of 121 Kcal/kg.

A poss ible volume advantage is gained by using a
salt, since the salts are more dense than ice.

The second type of system deals with pairs of com-
pounds , in which one compound by itself possessing
good cooling values is diluted by the second ,
completely safe compound. Such pairs examined
were liquid methanol with solid carbon d ioxide , and
liquid ammonia with solid carbon dioxide . For each

• pair , it was envisioned that the liquid would
vaporize , the solid carbon dioxide sublime , and the
resultant gases would mix in a manner to render the
mixture non-flammable and non—explosive .

The vapor pressure of methanol at the temperature
of interest is too low to be pract ical .  The am-
monia—carbon dioxide system is attractive . For an
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0 .8  mole ra t io  of ammor i a  to carbon dioxide , the
two phase changes procuce 182 Kcal/kg of cooling .

• Thi s t ranslates  to 2 . 7 6  Kg or 6.1 pounds total of
ammonia and carbon diox ide being needed to obtain
504 Kcal or 2000 Btu c f  cooling , a 56’T~ decreasein the 14 pounds of ice needed to obtain the same
cooling.

• 2 .3 . 1  Cooling Obtained Fro:’. Heats of Solution

In gene ral , heats of so lu t ion a re moderate , but
some compounds possess a t t rac t ive  heats  of solu-
tion . These ire listed in Table VI .  Of the 15
compoun ds possessing heats of solution in excess

• of 74 Kcal/kg , five are either nitrates , nitrites ,
or chlorates and not recommended (Appendix II)
because of their explosion and oxidizing chara—
teristics. Of the remaining ten compounds ,
ammonium acid carbonate , boric acid , and potassium
acid oxalate have such limited water solubility t ha t
they are not practical.

After the above eliminations , the remaining seven
candidates are ammonia bifluoride (L~H=99.6),sodium bifluoride (L~H=90), cyanamide (t~H~ 84 6), 4
ammonium chloride (MI=76.5) , ammonium thiocyanate

• (AH=74.6), ammonium oxalate hydrate (~ H=81), andpotassium acid fluoride (AH=88.4).

It is doubtful if the full heat of solution value is
obtainable without inordinate mixing. Reference 5
gives 121 Kcal/kg over the temperature range of -12
to about 5°C as the highest fusion plus solution
cooling obtained from any of the salt mixtures
studied. This value was for a mixture  of 30 g.
1(1W2 in 100 g. of water .  The heat of solution of
1(HF 2 at 30 g. was not g iven , but  a t  20 g. is 7 3 4
Kc al/kg. The value at 30 g .  should be lower , probably
about 67 Kcal/kg.  This value plus 78 .7  Kcal/k g for
the average measured fus ion  of water equals about
146 Kcal/kg —- 25 Kcal/kg more than was actually
obtained. However , the 121 Real/kg obta ined  is st i l l
greater than the 78 .7  Keel/kg obt ained from water
alone.
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• As an additional possible advantage of u:~; ing the
sal t  over the eq uiv a len t  wei gh t of ice is tha t  the
sal t is more dense than the ice and would  requi re
less volume .

The s a f e t y  of each of the seven ca ndida tes was
examined. Details from reference 2 arc in
Appendix II. Of the seven , only ammonium chloride
appears safe. Cyanamide is safe until heated to
decomposition (probably 285°F) or exposed to acid
when it will emit toxic fumes .  Ammonium th iocyana te
decomposes at 170°C and at decompositior~ or exposed
to acid , will emit highly toxic fumes. Amruonium

• oxalate hydrate is corrosive and decomposes easily ,
emit t ing toxic fumes .  Potassium acid f luor ide  is
corrosive and decomposes at about 225°C ins tead  of
mel t ing .  Ammonium hifluoride melts at 125.6°C , with
no boiling point g iven.  Both of these sal ts, p lus
sodium bifluoride for which no melting or boiling
points are available , will emit toxic fumes when
exposed to acid , or when decomposed.

2.3.2 Dual Coolant_Systems

The dual coolant systems examined were methanol—
carbon dioxide , and ammonia-carbon dioxide.

The methanol has a 284 Real/kg heat of evaporation
at 0°C, which is 3.5 times greater than the heat of
fusion of water. However, methanol is moderately
dangerous due to its flammability . Its explosion
limits range from 7.3 to 36.5% by volume when mixed
with air and exposed to a spark .

Ammonia has a 3 2 7 . 2  Real/kg heat of vapor iza t ion  at
— 3 3 . 4 ° C , which is 4 • 1  times greater than the heat  of
fusion of water . However , ammonia is moderately
dangerous due to its flammability . Its explosion
limi ts range from 16 to 25% by volume .

Carbon dioxide has a heat of sublimation of 137 Keel/kg
at -78°C, and is safe to use. Carbon dioxide alone
is an attractive substitute for ice , but combined with
either methanol or ammonia is more attractive .

— 1 7 —
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Me thanol has a vapor liressure of only 40 mm at
5°C (Ref. lb) , so it is not practical.

Ammonia has a vapor pressure at 4.7°C of 5 atm ;
at —18 .7°C, 2 atr~; and at its boiiin~j point of—33 .4°C, a vapor pressure of 1 atm . ( R e f .  ic).

Carbon dioxide has a vapor pressure  a t  5.9°C of
40 atm ; at —18.9°C of 20 atn ; at —39 .5 °C of 10 atm ;
and at —78.2°C of 1 atm . (Ref. ld)

The cooling from various ratios of a:~aionia to carbon
dioxide can be calculated , but the calculations are
academic , since the ratios , if any , which are safe
are not known. To establish a basis for cooling
comparisons , a reasonable mole ratio of 0.8 for
ammonia to carbon dioxide was used. This system
has an effective phase chance cooling of 182 Kcal/kg,
found from the heat of sublimation of carbon dioxi de
at —78°C of 137 Real/kg , and the heat  of vaporization
of ammonia at —33.4 ° C of 327.2 Real/kg .

Table VII gives the weights of ammonia and carbon
dioxide needed to achieve 252 Kcal/hr (1000 Btu/hr)
or 605 Kcal/hr (2400 Btu/hr) for 1, 2 and 4 hours.
For example , a total coolant weight of only 1.38 Kg
or 3.05 pounds is needed to achieve 252 K :al or 1000
Btu of cooling. This is a 56% decrease in the weight
of ice needed for equivalent cooling.

The safety aspects of this ammonia—carbon dioxide
mixture were examined theoretically, using a number
of assumptions. Since this system a-~~ears so at-
tractive as a coolant , the safety a~~i~ cts should be
laboratory checked . A brief discussion of the
laboratory work needed is given in Section 5.

If the separate ammonia and carbon dioxide gas
streams for the 0.8 mole ratio are permitted to mix
and flow freely in a static air atmosphere, theo-
retically, this mixture is explosive , i•e . ignited
about 18 cm from the vent port.

In doing th is  ca lcu la t ion, the  f o llo - .--ing assumptions
were made. The gases behaved i dea l ly ,  and the condi-
tions jus t  outside the exit port wore 1 atm pressure
at 140°F ( 3 3 3 ° K) .  Both carbon dicixide and ammonia

— 18—
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l e f t  the ex i t  por t  toy o ther  a t  the  0. E; r~~le r a t i o
and at 2 a tm pressure , t h u s  e nab l i n g  t~~~- to f low
eas i ly  a g a i n s t  1 atm of a tmosp i !or .i c pr~~ssure . At
4°C , the vapor pressure  of ammonia  is  ab o a b  5 atm ,
and tha t  of carbon dioxide is about  40 a L~i. i lexice ,
obt a in ing adequ ate pressure for  an ex i t  f l o w would
be possible.  Howe ver , ob ta in ing  the cjaxex at the
0.8 mole ratio when their natural mole ratio is
0.125 would require  eng ineering sk i l l .  Ho th carbon
dioxide an d ammonia wer e assumed t:o d i f fu s e  f rom
the ex it por t  w i t~i a concentration gradient of
—8 x lQ—~ mole/cm 3/cm . T1ie coolant apparatus
wearer was assumed to be stationary , w i t h  no wi nd
blowing .

Table VIII  shows th e concen t ra t ion of ga ses from
4.9 -to 20 cm from the exit port. For the initial
distance of 4.9 cm , which describes a 0.5 liter
volume , the as sump tion was made t ha t  all of the
volume was occupied by the anunonia-carhon dioxide
mixture , with  no a i r  present .  This is a reasonable
assumption since the gases are exiting at 2 atm of
pressure.

To obtain the data at the 8 cm ciis L u n ee , the volume

t percentage of ammonia and carbon dioxide after their
initial concentrations were reduced by the concentra-
tion gradi cub , were cal cul ated for  the shel l  of a
sphere wi th  an in ner r ad ius  of 7 - 9 cm an d an outer
radius of 8. 0 cm. The unaccoun ted  for  addi t ional
volume in tije shell was assumed to be 80% nitrogen
and 20% oxygen.

The last column in TABLE VII I gives the vo lume  per—
centage ratio of ammonia- to-oxygen. When this ratio

- - ‘ is between 0 . 9 5  and 1.67 , the m ixt u r e  is exp losive
if ign i ted .  This ra nge was dete rmined  f rom sa fe ty
data that s t aL e s  t h a t  16 to 25 % by volume of ammonia
in air is explosive , an d by a s s um in g  a i r  to be 2 0 L
oxygen by volume . ThBU~ vI: 1 ind ica t ce  that ar ound
18 cm froru -the vent port , a theoretically exp losiv e
ratio of ammonia-to-oxygen exists.

I
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2.4 One_Non—Phase Change Process

Two different non-phase change processos were
considered -- the warning of a cold substance ,
and the expansion cooling ot a g a s .

The cold substances warmed  f rom t hei r  phase  change
temperature to 4 °C were an ammonia—carbon dioxide
0.8 mole ratio mixture , carbon dioxide , ammonia ,
and nitrogen. The warming alone of any of these
ma terials  is not a t t r ac t ive.

The gas expansions examined were fo r  the same sub-
stances as were warmed , plus F r e o n — 2 L  ~-;ith expansion
efficiencies of about 6 0 % , cooling is modest .

2.4.1 Warming of Substances

The heat of warming between the phase change tempera—
ture and 4°C was calculated (Ref. 25) from equation
( 1) .

T 2
• (1) 2~T~ = ) dt = (a + bT -f- cT )dt

where AU is the heat required to raise 1 mole of the
gas from the phase change temperature  T~ to 4°C , T2

• C~ is the molar heat capacity at  constant pressure ; and
a , b , and c are the heat capacity c o e f f i c i e n t s .

Table IX summarizes  the warming va lues  for  each sub-
s tance.  None is impressive , but if the warming is
combined with a phase change , i t  would make a nice
addition .

Calculations for pure ammonia were included since
the results were needed for the ammonia-carbon dioxide
mixture system. Pure ammonia is not recommended as
the coolant.

— 2 2-
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2.4.2 Expansion Cooling of Substances

The expansion of ammonia , carbon dioxide , ammoni a-
carbon dioxide at 0.8 mole ratio , n i t rogen , and
Freon-fl were examined. Calculations were clone
for pure ammonia only because the results were
needed for calculations on the arrmonia—carbon
dioxide mixture. The most extensive calculations
were for nitrogen , since it behaves as an id eal
gas. Eve n under extreme condit ions and l00’~ ef-
ficiency , as are discussed in detail in this section ,
the cooling obtained from the exp an sion of ni t rogen
is only 43 Kcal/kg. Since the efficiency of cx-

• pansion is probably only about 6O~~, expansion of
the gases results in modest add i t iona l  cool ing.

The cooling obtained by expanding an ideal  gas , as
exemplif ied by nitrogen , from an initial contained
volume to a final contained volume , w i t h  the i n i t ia l
volume at pressures of 700, 1400 , or 2100 psi , for
various in i t i a l  gas ter.iperatures, and the f i n a l
volume at 14.7 psi or 1 atm pressure was examined.
The pressure of 700 psi is typical of the pressure
in a small lecture sized bottle of n i t r o g e n .  The
2100 psi pressure  is close to the pressure in a f u l l
sized nitrogen cyl inder .  Because of the possibil i ty
of obtaining the nitrogen from licuid nitrogen ,
initial temperatures from 4 to —1~~5°C were examined.
All data assume 100% efficiency .

The cooling obtained from an expanding gas can be
calculated from its initial and final temperature .
To obtain the final temperature of the gas , the
initial temperature and initial and final volumes of
the gas must be known . To obtain the final volume
of the gas, the initial and f i n a l  pressures of the
gas ( which can be given as the wor-dng condi t ions)
must be known .

The cool ing obtained was first cal oulatod for a range
of in i t ia l  gas temperatures  at a c o n s t ant  i n i t i al
pressure.  Then the cooling obta ined  was c a l cu l at e d
for a range of initial pressures at. a constant
initial temperature . For all calculations , the
ni t rogen  gas was assumed to undergo reversible
adiabatic expansion .

— 2 4 —  
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For the first set of calculations , the initial
pressure was 700 psi , and the i n i t i a l  temperature
varied. For an initial pressure of 700 psi , the
initial molar volume is 0.5 liter , consistent with 100
liter of N2 (STP) being contained in a 700 psi
lecture bottle. Setting the final pressure at
1 atm or 14.7 psi , (actually , the final pressure
should be somewhat greater than 1 atm so that the
second chamber can be vented easily to the atmos-
phere) the final molar volume is 7 . 9  liters . The
final volume was calculated (Ref . 25) from
Equation (2).

(2) p1~ 1~ = p~~~~Y

where P1, P2 are the initial and final pressures ,
respectively; V1 and V2 are the initial and finalrn.:’iar volumes , respectively; and ~~

‘ is the ratio of
t~ o molar heat capacity at constant pressure to themolar heat capacity at constant volume . For nitrogen ,

y ia 1.40. For th s  particular example , P1 =  700 psi
= 4 7 . 6  atm ; P 2 = 1 atm , V1 0.5 liter , and V2 is
to be determined. V2 is 7.9 l i ters .

With a knowledge of V 1 and V2, the temperature after
expansion was calculated as a function of various
initial temperatures , using Equation (3) -

(3)  
~~ 

in T2/T1 = -R in

• Where 
~v 

is the molar heat capacity at constant
volume , T2 and T1 are the f i n a l  an d in i t ial  tempe r a-
tures , respectively ; and R is the gas cons tan t .
For nitrogen , cv is 4.95 cai/deg mole at 25°C. For
this example, V2 = 7.9 liters , V 1 0.5 liter ,
R = 1.987 cal/deg mole; T1 was 4~C , or -50°C , or

• —100°C , or —195.8°C; and T2 was the unknown.

Table X shows the r e s u l t a n t  f i n a l  t emperatures  for
the various initial temperatures.

—2 f1 —
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Table X also shows the cooling obtained from the
adiabatic expansion from T1 and T2 for nitrogen
with an initial pressure of 700 psi , or 47.6 atm
to a final pressure of 1 atm . This cooling was
obtained by ca l cu la t ing  the reversible work done
in the expansion from Equation (4)

(4) W = - J ~~ dt

T1

Table X shows that, as the initial temperature
decreases , the work obtained from the expansion ,
or the heat the expanding gas can absorb , decreases.

Keeping the initial temperature constant and varying
the initial pressure , the following obtains. Using
the condition T1 = 4°C with P 1400 or 2100 psi ,
T2 and the resultant Wrev wer~ calculated . Table XI
summarizes the results.

As Table XI shows , increasing the initial pressure
does increase the cooling obtained; but, the cooling
rates are modest. Using a rather extreme case with
a V2/V1 ratio of 200 (at 2100 psi , ~i~,/v1 was 34 at
most) and an initial temperature of 2 1°C, the cooling
work obtained would be 43 Kcal/kg. Using this cool-
ing rate, Table XII shows the weight of nitrogen
required to achieve 252 Kcal (1000 l3tu) , or 605 Kcal
(2400 Btu) of coding for  1, 2, or 4 hours is prohib-
itively large.

Almost 6 Kg (13 lbs) of ni trogen is needed to obtain
252 Kcal (1000 Btu) of cooling for 1 hour .

• For the other gases , the expansion work for initial
conditions, generally , of P1 = 47.6 atm , V1 0 .5 liter,
and T1 = 4°C, at 100% efficiency was calculated . The
exact conditions and results are given in Table XIII.
For the various gases, the thermodynamic constants
were obtained from references 25 and 26. For
convenience , they are summarized in Appendix III.
For the 0.8 mole ratio ammonia-carbon dioxide system ,
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the expansion work was estimated from that of the
two parent systems using the values of 21.5 Kcal/k’j,
or 1.10 Kcal/mole for carbon dioxide , and
63.7 Kcal/kg or 1.08 Kcal/rnoie for amJnc~:lia.

Table XIII also summarizes the probable efficiency
- of the various expansions. Tue probable expansion
efficiences were calculated (Ref. 26) from equation (5)

1

(5) Efficiency % 100 (1— —

MI’ =1

where AV is the ratio of final to initial volume ,
and y is the ratio of the molar heat capacity at
constant pressure to that  at constant volume . The
initial and final volumes are given in Table XI.

To check Eq uation ( 5 ) ,  it was used to calculate
the efficiency in the expansion cycle of a diesel
engine for an ideal gas C y= 1.4) when the volume
ratio is the usual 5. The efficiency was 47.5% ,
or the loss was 52.5%. Perry (Ref. 28) states
that the loss due to throttling from the adiabatic
liquification of air is 42.9%. The two numbers are
in approximate agreement. Thus, Equation (5) is
probably satisfactory for an initial estimate .

The expansion cooling is modest. If expansion cooling
can be coupled with a phase change , it would make a
nice addition .

2.5 A Non—Phase Process(es) Combined With a Phase Change
For One or More Compounds

L The combining of a phase change with warming of the
coolant to 4°C, follow3d by expansion cooling of
the gas for five substances was examined . The sub-
stances include ammonia , carbon dioxide , an 0.8 mole
ratio mixture of ammonia to caibon dioxide , nitrogen ,
and Freon-2l.

Ammonia was included in the ca lcu la t ions  because the
results  were needed for  calcu la t ions  on the ammonia-
carbon dioxide system. A pure ammonia coolant is

— 3 1 —



TIl • ~
_
~~~~iII TTIII1~~

not recommended because of safety hazards .

In all cases, the f i n a l  expansion coolinq is not
weight effective.

Below i~- the cooling obtained from the phase change
and warming to 4°C for the three systems recom-
mended for consideration .

1. Ammonia-carbon dioxide
0.8 mole ratio of N113/C02 198.5 Real/kg

2. Carbon dioxide 153.0 Real/kg

3. N itrogen 95.3 Kcal/kg

As reference , the cooling obtainable from ice melting
at 0°C and the resultant water warming to 4°C is
83.73 Kcal/kg.

The ammonia-carbon dioxide system has a possible fire
hazard associated with it which should be laboratory
tested. Such is discussed in the final. Section 5.
The nitrogen system presents such a small improvement
over the present system that the redesign needed to
incorporate nitrogen instead of ice is probably not
warranted . The carbon dioxide system is an improve—
mont over the present ice system , and has no serious
problems associated with it.

Below is the weight of coolant needed to achieve
252 Kcal or 1000 Btu of cooling for one hour. -

•

1. Ammonia-carbon dioxide 1.27 Kg (2,80 ibs)
2. Carbon dioxide 1.65 Kg (3.64 lbs)
3. Nitrogen 2.64 Kg (5.82 ibs)

Reference Ice 3.01 Kg (6.64 lbs)

2.5.1 Ammonia-Carbon Dioxide System

The 0.8 mole ratio of ammonia to carbon dioxide
system will provide a heat of phase transformation

• 
- and warming to 4°C of 198.5 Xcal/kg. The expansion

of the gases at 4°C to obtain additional cooling is

—-32—
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not reconime nded since it would probably add only
an add i t i on al 20 .1  Kcal/kq , and the h a r d war e  needed
would not snake this increase wei gh t e f f e ct ive .

For the 0.8 mole ratio system , its effective phase
• change cooling is 182 Rea l/kg , found from 137 Kcal/kg

for the heat of sublimation of carbon dioxic~~ at
-78°C , ~nd 327.2 Real/kg for tile heat of vaporization
of ammoxiLa at —33.4°C.

The composite warming value for the 0.8 mole ratio is
16.5 Kcal/kg. This was found by knowing 1 Kg of the

• 0.8 mole ratio mixture will contain 17.36 moles of
carbon dioxide , and 13. 88 moles of ammoni a , and that
the heat required to raise carbon dioxide from -78 to
4°C is 16 Real/kg , and the heat required to raise
ammonia from -33.4 to 4°C is 18.17 Real/kg.

The probable cooling work obtainable from the expan-
sion of this system (Section 2.4.2) is 20.1 Kcal/kg,
or only 10.1% of the cooling already obta inable from
the phase transitions and warming. The hardware
needed to control thi s expan sion w i l l , in all
probability make the expansion refinement weight
i n e f f e c t i ve .

Table XIV summarizes these and other data which will
be referred to in this section .

2.5.2 Carbon Dioxide System

- • The subl imat ion  of solid carbon dioxide and the
warming of the resultant gas to 4°C will yield
153 Real/kg of cooling . Additional expansion of
the gas under proper conditions will not: yield suf-
ficient additional cooling to warrant its inclusion ,
even if carbon dioxide did not condense under  the
initial expansion conditions.

The sub l imat ion  of solid carbon d ioxide  y i e l ds
137 Kca i/kg ,  and its warming from —78 to 4°C yields
an additional 16 Real/kg.

The probable cooling obtained from expansi on is
14.6 Real/mole. However , under  the expansion

— 34— 
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conditions suggested of P~ = 47.6 atm , T1 = 4°C,
carbon dioxide is in liquid form (Ref. 29).
Modifying the initial temperature and pressure
conditions so that carbon dioxide is a gas decreases
the expansion work. Consequently, the inclusion of

- J expansion with the phase change and w a r m in g  is not
recommended.

2.5.3 Nitrogen_System

The cooling available from vaporizing and warming
the nitrogen to 4°C is 95.3 Kcal/kg. The incre-
mental cooling obtainable from expanding the nitrogen
is estimated to be 21.9 Real/kg , and , as such , is
probably not weight e f f ect i ve .

The probable cooling obtained by expansion is
21.9 Kcal/kg, which represents a 23% increase to
the 95.3 Kcal/kg available from the vaporization
and warming. As with the previous systems , this
increase to the cooling from the expansion is
probably not weight effective , when considering
the hardware needed .

2.5.4 The Ammonia System

Data for the ammonia system arc presented in Table XIV
for reference purposes. A pure ammonia system is not
recommended because of safety reasons , even though
ammonia is a most attractive coolant.

• 2.5.5 Freon-2l System

As Table XIV shows, the cooling from Freon-2l is too
low to warrant further discussion .

1 -

3.0 LOGISTICS OF MOST PROMISING SYSTEMS

The most promising systems are the following combining
a phase change with warming :
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ammonia-carbon dioxide mixture
(~ I-J = 198.5 Kcal/kg) 0.8 mole ratio

pure carbon dioxide (AH = 153 Kcal/kg)

pure ni t rogen (L~H = 95.3 Real/kg)

Of these three, the firs t must be laboratory tested for
safety . The others are safe, and all three have reasonable
logistics.

A less promising system , but one which should be considered
is the inclusion of a water soluble salt with ice. Of

• the water soluble , non—exp losive salts with reasonable
heats of solution , only ammonium chloride with a heat of
solution of 76.5 Kcal/kg appears completely safe.
Arnmoniuxn- , potassium- , and sodium-bifluoride have attractive
cooling properties but their safety is questionable . The
largest combined heat of fusion and heat of solution of the
three is 121 Kcal/kg for potassium b i f luor ide .

3.1 Phase Change and Warming Systems

In all three systems discussed in this section , the
coolant undergoes a phase change, then is warmed
to 4°C. The three systems are ammonia-carbon
dioxide , carbon dioxide , and nitrogen . The Freon-21
system was discarded for being too ineffective .

The logistics of the ammonia-carbon dioxide system
look reasonable except for the possible fire/explosion
hazard presented by the vented ammonia vapor. It
is recommended that this possible hazard aspect of
the system be laboratory examined. A brief outline
of this examination is given in Section 4.

A pure carbon dioxide system should present no
serious logistics or safety problem in that  it is
readily available , inexpensive , stores moderately
well , can be contained by many materials , and yields
no health , safety or environmental problems .

The nitrogen system should present no serious
logistic problems except possibly in remote areas
where liquid nitrogen may not be available.
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3.1.1 Ammonia-Carbon Dioxide System

Both anhydrous ammonia under pressure as a satu-
rated liquid , and solid carbon dioxide or dry ice
are readily available. The pressurized ammonia
can be stored for extended periods, and could
either be stored in a central storage tank , or,
preferably , in the suits themselves.

The cost of anhydrous ammonia (in Cleveland ) in
truckload quantities (4500 Kg or 10,000 lbs) is
$0.082/Kg or $0.18/ib, and for 1-3 cylinders
(68 Kg or 150 lbs each) is $0.20/Kg or $0.44/lb.
Sometimes cylinders have initial deposit charges

• of $30 to $40, plus demurrage costs of about
$0.10/day if not returned in 30 days. Added to
the cost of ammonia would be the cost to liquefy
and store the ammonia for ready use.

The cost of dry ice in Cleveland is $0. 018 to
$0.027/Kg or $0.04 to $0.06/lb for a 23 Ky or 50 lb
block and is rather insensitive to weight purchased .
It is ea~;ily cut or formed to any shape , and stores
rather well in an appropriate dry ice chest:. Fifty
to 100 pound s will keep for about one ~-‘c~eh . Its
vapor pressure is 760 inn’. at —78 °C , 400 mm at -86°C ,
100 mm at —100°C , and 1 mm at —134 °C. Considering
its common use , it is probably routinely available
at many installations.

Assuming both the ammonia and dry  ice arc properly
ha ndled , neither should be problema tic for charg ing
the suit.

Since ammonia is i r r i t a t i n g  to the resp i rato ry  trac t ,
eyes , and moist skin , a r ip  in the suit , exposing
the ammonia to the wearer , could cause severe clis—
comfort as well as a possible cold burn. Should
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ammonia somehow feed into the suit wearer ’s
breathing support system , he wou ld suffocate .
Exposure of the suit wearer to dry ice would
cause a cold burn , and possible suffocation if
carbon dioxide gas were fed into the breathing
support system of the unit. Proper suit design
should minimize the probability of these problems .

The heat exchange system must be balanced to permit
the carbon dioxide and ammonia to vent in a proper
and safe ratio. The ratio of 0.8 ammonia to carbon
dioxide was selected because it is an attractive
coolant. Some simple laboratory tests are needed
to determine if this ratio is safe , or an explosion
hazard , or if different blends would be even more
attractive from both a cooling and a safety stand-
point. The higher the ratio , the better the cooling ,
but probably the greater the explosion hazard. The
simple laboratory tests are outlined in Section 4.

There is a chemical reaction between carbon dioxide
and ammonia to form ammonium carbamate

CO + 2NH - > NH COONH2 2 4

which can be decomposed to urea and water

NH2COONI14 >. Co (NH
2

) 
2 

+

- -

• 
Industrially (Ref. 30) these reactions arc used to
produce urea fo~ fertilizers. The reaction chamber
is at 200 atm and J85~C. In the laboratory , the
carbamate can be f~~ med from a simple mixture of
liquid ammonia with powdered dry ice (Ref. 31). The
carbama te decomposes at 59°C , releasing ammonia.

In this suggested system , the liquid ammonia and dry
ice reservoirs are to be separated , Vapori zing into
separate lines from which additional cold would be
extracted until each gas reached 4°C, then vented
through adjacent nozzles which would permit mixing
of the gases to prevent a safety hazard. The ques—
tion is whether the gases mixing in this manner will
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react to form the w h i t e , powdery carbamate and
possibly clog the nozzles. To answer this ques-

• tion , carbon dioxide gas and ammonia gas from
compressed gas tanks were released in a laboratory
hood at rates comparable to those coming from the
proposed cooling unit in a manner  to cause the two
gas streams to mix.  No white powder or other
evidence of a reaction was visible . However , if
the gas streams were trapped in a small (0.5 liter)
volume, the white powder did form on the walls of
the container, but the nozzles  remained clear. Thus

• complications from the reaction of carbon dioxide
with ammonia should not be expected in the venting
of the gases.

The materials logistics of handling carbon dioxide
as dry ice sublimating to the gas and liquid am-
monia vaporizing to the gas should be reasonably
straight forward . A wide range of materials can be
used for the containment and handling of each.
Thus materials for both thermal insulation and heat
exchange needs are available.

Appendix IV summarizes chemically resistant materials
for ammonia. Further detailed information for both
carbon dioxide and ammonia are available in convenient
form in Reference 32, with additional detailed informa-
tion in various forms in Reference 33.

3.1.2 Carbon Dioxide System

Carbon dioxide should present no serious logistics or
safety problem in that it is readily available , in—
expensive, stores moderately well , can be contained
by many materials , and yields no health , safety or
envi ronmental problems . The log is tic detai ls  for

-; this system were already discussed in the previous
section .

3.1.3 Nitrogen System

Liquid nitrogen is reasonably easily handled and
stored , and commonly available in industrial areas.
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For 2,000 liters/month (54 Kg/day) consumption ,
liquid nitrogen sells for $0.18/liter ($0.222/Kg)
in Cleveland . For larger volumes of 19 ,000 liters/-
month (510 Kg/day), the cost is $0.16/liter
($0.0742/Kg) . The equipment rental charge for on
site storage is $180/month for the small volume and
$800/month for the large volume .

Materials (Ref. 28) that are both strong and ductile
• at low temperatures are copper , aluminum , nickel ,

most solid solution alloys of these metals, the
austenitic stainless steels, teflon , mylar (a poly-
ester), and fiber reinforced plastics.

Nitrogen presents no real safety , health , fire/—
explosion or environmental danger if properly used.
Liquid nitrogen is safe to handle and presents no
danger if contacted by a person as long as it can
roll off the body and not get lodged. If liquid
nitrogen does lodge in a cupped hand , for example ,
it will cause a burn. Also , if excess nitrogen
somehow is fed into the breathing line of the suit
wearer , it can cause suffocation . Properly designed -

•

suits or packs should minimize the probability of
any danger from the nitrogen .

3.2  Fusion Plus Solution Systems

In this system a water soluble salt is added to the
ice so that a heat of solution is added to the heat
of fusion. The only completely safe salt found with
a reasonable heat of solution was ammonium chloride .

The inclusion of ammonium chloride in ice yields
no cooling advantage over a pure water system , but
does yield a volume advantage since its specific
gravity is 1.95 compared to 0.917 for ice at 0 °c.
Of the three fluoride salts studied in Ref. 5, the
one yielding the greatest combined heat of fusion
plus heat of solution was potassium hifluoride at
121 Kcal/kg. However , this salt is corrosive , and
if  decomposed about 225°C or exposed to acid will
emit toxic fumes. The suit wearer should not see
temperatures this high , so the chemical may be given
a reserved recommendation .

The other two salts , sodium- , and ammonium-bifluorido
have similar safety problems . Consequently , they
may be given reserved recommendations also.
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All three fluoride salts are articles of commerce
and available in large quantities for about $0.40/lb.
Though corrosive , containment materials are available.
Containment materials for the potassium bifluoride
(Ref. 32a) are stainless steels and high chrome
steels; for the sodium b i f luo r ide  ( R e f .  32b) , copper ,
tin , bronze , aluminum bronze , monel , rubber , saran ,
and karbate ; and for arninoniurn b i fluor ide  ( R e f .  32c) ,
high chrome steels, stainless steels , worthite ,
durimet 20, monel , nickel , and inconel.

4.0 RECOMNENDATIONS AND DISCUSSION

Table XV lists the coolant materials which are reasonable
for consideration , and summarizes any limitations.

Of the four systems, the carbon dioxide one seems the
least troublesome , and is an 83% improvement over the
heat absorption of ice-Water, reducing the wei gh t  of ice
coolant needed by 45%.

The ammonia-carbon dioxide system has the most attractive
cooling , but a laboratory check on its safety must be
done. An 0.8 mole ratio of ammonia to carbon dioxide is
a 137% improvement over the heat absorption of ice-water,
reducing the weight of ice coolant needed by 58%.

The cooling obtained from the ni trogen system , ren resent s
only a 14% improvement over the ice-water system , reducing
the weight ot ice needed by only 12~~. The engineering

• needed to change from an ice coolant to nT€?~ gen wil l  not.
be repaid by much additional cooling .

The potassium acid fluoride salt incorporated into ice
will yield a 45% improvement in heat absorption c-ver
ice-water , reducing the weight of ice coolant  needed
by 31%. The salt will decompose at about 225°C o~ upon
contact with acid , releasing toxic fumes. -

•

To check the safety of the ammonium-carhon dioxici~
system , laboratory testing of mixtures of the ga.ses is
recommended. The gases are obtainable in convenient
form at measurable pressures in cy linder t anks .  With
the cylinders sufficiently removed from the test area,
and with proper valving precautions , the gases can be
made to flow through adjacent noz~ ies o~: a buri;~ r head
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such that the gas streams mix . The ratio of the gases
to each other should be controlled to vary from mole
ratios of ammonia to carbon dioxide of about 0.5 to
1.5, through ranges of flow rates and pressures that
can be reasonably expec ted to emer ge f r om the suit.
Throughout the above ranges of conditions , this mixture
should be subjected to sparks and hot wire ignitors
at various distances from the nozz les  under s tat ic  and
breezy conditions to determine if a f i r e  or explosion
hazard does exist. Figure 2 shows a conceptualization
of such a test setup . The test chamber is a large
cylinder , open at both ends to permit a free flow of
gases and air. The angle of the inlet nozzles can be
changed to a f fo rd  d i f f e r e n t  types of mixing . The spark
or ignition wire assembly is movable away from the
nozzles.

Throughout this study, thought was given to how compounds
with high phase change enthalpy , like the heats of
vaporization of the alcohols , or water , might be useful
as a coolant under the needed conditions. In the cases
examined , either the phase change temperature was too
high, or the compound was highly flammable or toxic.

For the compounds with inappropriate phase change tempera-
tures, the nature of the bonds in the compounds is
generally responsible for both the high phase change
enthalpy, plus the inappropriate high phase change
temperatures. The classic example is water with i ts
hydrogen bonding . Modifying the compound to reduce a
phase change temperature , will , in all probability ,
reduce i ts  phase change enthalpy below an a t t r a c t i v e
value .

For the flammable or toxic compounds with attractive
phase change enthalpy at useful temperatures , the problem
becomes one of identifying why the compound is unsaf e,
and at-tempting to modify it without compromising its
cooling properties. Such a study is beyond the scope of
this program , but migh t represen t t he n ucleus fo r
another program .
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APPEN DIX I

DETAILED SAFETY DATA ON COMP OU NDS IN TABLE I

A\l .\ l0\ I %, ~ s l lV! ) ROU3 2 BU i.\ N l-:

J (;~n.-,-~l j u l i o  nhltron • (kni- ra l h u n t  ria t i~u
S~nonwuu . c r r ; m ra  ‘as . Sv no n)n s: N - l t - r , m e :  ,ncth> th~liuie t hane . but> I h)dr idc.
Desc ription: Col rlc—s gas . estre niel y pungent odor . l i quef ied t)esc r iptksn: ( ! r ! ~ss gas .

by compression. lorinula: C l~C I C I I~C I l~.
Formula: NII~. Co nr-taui ts : Mo) ss l : ~S.I . bp: — O.YC , (p. — 135 CC.
Constant s : 3-1O1 tit : 17 .03 , rup : —7 7 .? C . bp: - 333) - Id: j 9r; ucl : ~.S’}. P-a-h p - i C  I (C C ). d . 0 k~~.

Id: 167 - uci : d: 0 .7 7 1 p/ l i ter at (V C. (t .S17 g/ml at - auto ign. being.: 761 I , sa p. p r s  2 at m at I5.~ C.
—79 C, autoigru tet n p: I2 O C F . sap prc-s : 10 atm sa p d.: 2 0-V..
at 25. 7 C . yap iF 06. Iha ,ag d An.,ls— j s

I lanard .-i.nals .as Tox ic II a,ard F at ing:
Tox ic } laea rd Rat i nv : A c ut e l.o~al . 0.

Acute l ocal: Irritant 3; Inges ti on 3; li,halat ion 3. Acute Systemi c : Inhalat ion 2.
A cut e Sy stemic: ti. Chronic l ocal: U .
Chronic L ocal : Irri tan t I. Chronic Ssste -;nic: Inh:ila~ on I.
Chroni c Systemic: U. A gen e ral purpo~e Ieosl adti i t usr(Sccti o n 10).

Tf_V : ACGIII (recomniended) 50 pa rts per million in a ir: Caution: l’:oduces dross~ines.. S u p  usp hysi nt
35 mill g r a m s  per cubic nieter 01 a ir .  Fire II a, i  rd: I)j nge rou s; ss h ~a esposcd to heat or fl.,une.

Tox ico logy : Irritating to eyes and mucous tneinbrancs of Spontaneous l le~!t ir.~’: No.
resp iratory tract.  Signs and s~ niptoms of exposur e are Im plosion }la,.ird: M~ dera ~e. si he n cxp~s~d to flame
irritation of the e)es . Conjunc t iCitiS stielling of the eye- (Section 7)
hi d~_ I rr ii it ion of the nose and th roat - co ugh rig, dyspnoca Disaster II ii, at d: ~s Ic r n  c s  d inge ross: si a heated it
and sonriting . Irritat ion of (lie skin may be experienced , emits acr id lurnes; can react w ith ostrli ,ing mater ials .
espec ially if it is moist. Corneal ulcers h.tve been re- Cuuntermeas ures
ported fol low ing sp l:tshing of at nntonia wa ter in the eye Venti lat ion Cont ro l. Scctio n 2.
(Section I). A contmon a ircontar ,t i nant (Sect ion 4). To l ight Fire. Carbon d aø . de . dry chem ica l or wat e r spray

Fire I la , ar d:  M oderate , w hen exposed to h eat or flame. (Sc-ttuori (.)-
Spontaneous llcj lin~r: No. Requ ires high conc entrations in - 

Storage an l  IIandlir~ : Seci -.:n 1.
air bcfore it cat c hes lire, i Shi pping Rc ; s I : n ~ Sect ;. a II.

Im~plosion I Ia, a rd: SI eade r ate . ss lr~us e ~pst .ed to Paine. I~~r,rss I.C.C.: I- lairs irs .i\- ’ e g.rs: u :s lab e l . ts J
cspl osisC co rn potinds in Cont c c t w ith  silver or unereu rv 1 ,\TA : I- I. i r i s h  gat , r .1 l,~ l’el . not rcr ept .~ P i e  (p.is-
(Section 7). . 

nenger) . l - ~
Disa s ter l - laaard.  Moderatel y dangerous; es puscd to heat , it -

emits t oxic fumes. 
I IANI .  

- - - -

Counterin. as ur es Butan e nr 1St U r~ S, :r :d in is: -~ es Ii is ii sit s l.i r prr )~e is cs

Vent it_ ilium Contro l: Section 2. coti t :t uncd tn l tp l t t c rs , c.rn.dte~. he.tt ; ts ~: dci i~cs . udill

To Ficht l ire: Stop flow of pat carbon diox ide, dry ~lieuusical - 
Coftl a lne rs and sinu i lar ti es wet ,  each v - i  exce ed i ng

or wa t e r  spray (Section 6). I 65 gr iuns (2 3~ ,s ) 
- -

Personnel Protection: Section 3. Slitpptng Fegul.tt ion s . S cs t r ~ i ii.

Personal l lsg iene: Secti on 3. IA I A :  }- la rnr i tablc g i s , r c i  label . O h  tb ~ : ra i , i  (passenger) .

First -\iii ~rc tion I. 
12 kilog rams (cargo).

Sto r_,~e and II iridling: Section 1. I
Shipping Reg ul a tion s: Section II.

• IC C .: Norsfl.iinrnahk gas: green Libel . 300 pounds.
Coast (;ua id C lassi lkat ion: Non intlainni able ga.: green

gas lah~l.MCA siarnin’r label .
IATA : Non fl ,iuiumahle fat , green label . not acceptable (gas-

senge r), I-to k ilograinc (cargo)

i o t i r  ii ii I’:,. el - ,7i\(. c i i f ) ( (~ j .s t,JJ,,, ’~ - -.,. ,rr 5 , , ,  .,, I

0 Ni.t~-~l- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s , ~,Is~~
-- .~ r s , -  2 t , i s ) L ’ l c ’e i i  ~~~ -S t . S  5 , ,’ I,: ~~~~~ 

— - • ,,,,~ ‘ ,- i . , ~~ ,,  -
p iS i,.si., ,cd . - ~ - , ‘ - ,r- n- - - s

~ ) l t ( . i l  St 5, u - t’ ~ -~~~~—- i 
~,- 5 — . — . — -r

I 10 t ( , I l t  C .e , p - , r . v ~~, ~~~~~~~~ s h ,rr~ ,-s .t,.5. . ’ , ’, s ’  ‘~~ ‘ .- I 
V ( ‘.is~s OSi 5 t , O , t , .rv,~~~. ’~~ ’l ‘~~ r.i - ‘ - ‘ is. .,s l~-
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APPENDIX I (Cont ’cl.)

3 . FT I IV I .  A( Fl A l  K 4 Fl  } I’,I. () ILOJII I )J- ’ a
(;eneral Iiif iiriii:i t luiii I ( eeir -ra l lish ,r i ,i : ,t i&i,
Syn onym: Ace t ie ether; ethy l ester; ethy l ett i anoate . Sy ro ny inu ’ C l~I.. .e: ls.i ns - , h y drochlori c ether; niur i ,it ic
Descri ption: Colorless liquid: (ragrzint odor , ether. -

Forn iu la: CII ,COOCC 11~. Dcsc r i p:r- . n Co lo rl ess liquid or pas: et h er l ike ~iot . barn-
Con s tants: blol st -I: S3J0 rug: - - 8 3 C C , bp: 77 . lS’ C , ing ta ste.

ule: 85 90, Id : 2,S ’7o. ue l: 9~~. flas h p: 24 ’ F. d: 0.8946 at Fo r i i r u l -j : CI I~CII .( I.
25’C. auloign. temp.: 800’ F. s -ag . press.: 100 mm at : Constants: Md s ut . fsl.S? , lip: 12J’C . I d .  ~~~~ oc t 15 . 4 ’ , ,
27.0”C . rap. d.: 3.04. ; Ip. — 139 C. flash p: ~S’ I- (C C’ .). d. 0 .9214 at

Ila,aril Aii : iI~ s is - 0’/4 (’, autoign. temp.: 9&- 1’, sap. pre s s .:  lLs.nJ
- - T ox i c  Ilaza rd Rating: miii at 20’C, sap. d.: 2.22.

Acute l ocal: Ir rit a nt I. Ilazard A n -ahsis
Acute Sy stcnu ic : Inge stion 2; Inh a la tion 2; Skin Ahsorp - Tox ic Il a z.urd Ratin g :

lion 2. Acute Loc al. Irr i t a nt I; Ingestion 7: Iirt r: i l :i t ion 2.
Ch ronic l ocal: Irr itant I, Acute Syste m ic ’. Ingcsti~n 2; Ittha l,i !iott 2.
Chronic S)- sten t ic: Ingestion I; Inha lation I: Skirt Ab- Chro n ic local. U,

sorption I. . 
Chronic System i c .  U.

TLV: AC(i III (recoit ini c iuekd) : • ltX t p.trm per million in risC: TLV: AC4. lll (ieeotiitnende d); 1000 ppm in air 260t l in il l i ’
1-100 in illig ratt is per cubic it t ete r ~s i air , p r a m s  p r  mihic isicter of air.

To x icolo gy: 1-111) 1 acc’t :tt c is irr i tat ing to mucous surfaces . Tox icology: The liquid s harmful to the eyes and can caus C
pa rt icu l at l y the eyes , gums, and re r pir atory passages son iC i r r i t _ i t to n .  It t the case is! g u i s e s  p igs , the syr up -

toru s attending esposure arc s ;tn il .sr i s . those caused by

. 
methyl chloride , except that the si g ns c f lung i r r ut : i t i rss

and iii also in Id I> narcotic. On re peated or r rols-unged arc not as prouic uutuced - It g u se s  Sr.” ~ su arr t rip of its
ex posu res . t t  c_ iuse ~ cuunj u iutc tis -a l ir r i tat ciii and cut teal prcsc’tice becaus e it is irritating . kn: it is pos sible to
elou dtn g . It va n cause de rit sat i t is . 111gb conevc itr ,i- tolerate exposure to it until one hi- c. rntcs uncon- -cious.
Ij ou t s bas e a n_ i t eo t ic e ffect :ittel ca rt cause co nge st ion of It is the Ic .ust t oxic of alt of the chlorinated Pu> droca r-
the u ser and kidne7s . Chronic poisoiti uig has been boris . It c_ in cause r :ar sou t - u , alt lt5sur,h the cffe~ ts are -

dcscrilued is producing seeou td .iry- uncut a , leiicocy lou ts  usua l l y transie n t. Anirn :i l expe ri it ient~ show s. ’ t n- c cc i

aitd cloud y ss s eli in, , and !.it i y dege icr _ i t oi l yiP t lte de mur e of k i,i icy irr i tat ion and aces nuul at i s s n of l,it il ae

iscer,i, Note: I ~sed a , a sy to het ic f las - s s r i i ig. stu ln i t t uce  to Ibis niatrir,ul in the kidn e) s, c u r  dr. ,~ nt uSs I -  ar id
aid ;iil~us ant (Sect sin 10). u ser -

l:irc I l_ ic _ id: I),ingerous , us lien exposesl t O heat or h au t e ’, Fire I hazard: Ilig hl y dangerous , wh en esp i ~d tn l c , ur or

c,in react s igo rcus l y w i th o~iultiing mater ia l s . fla me .
Spon tancous } Icat intt : No. Spontaneous Il cati ng : No.
Exp losion Il :uaard : Moderate , si heut exp os eil to lame. Ex plos io n 1I_ i, ar d : Severe , w hen espo- .ed to g,u r y
Disaster II _ ieatd : I)angcrouus . upon esp os u re to heat or Disaster II tie s rd , II ig hk t t i  age r u e  Keep :15u .t y f r on t I

Panic , and open fl_ n c; Ia r rn. p Is - u - up i c  on ~otithie ut ‘sr . u c. - 5 —
(‘oi ,i tte ri t tc;isiu res w ith waler or ste_ n i tsr produce Vis C r i-I c i t  ro s is
Ventilat ion Control : Section 2. tunics; can rea ct s ug or ou sl y with as isluit rsg rutat ri i_ il s .
Ia l ight l ire: Carbon dioxide , dry clietuiie.il or carbon

letra c h l ori de (Section (u)
Perso nn el I’ ro t e~li ou t: Section 3. C Ounter fli eaS Ure ’
Storage and I Irindl itt g : Sect ion i \ Cu’.t P st nun Control - Sec irO n 2.

Shi pp ing Rep ii l , t ti usns’ Section II . To I t~ ht tir e C arb on d r5 .s r de , cli> r- i rcmu5 ,u l  or carb o n
I.C. C . :  I’I.iiuitiiable li j tiid_ red label , 10 ga llons . te t r . ielul o r t d (Sec tion (s )

Coast (iu.ird CI~iss iticat ion: Int l_ iiui i u t , i b le li qii id re d Per~o rtnel Prot ection Sect u. n 3.

label . 
- Stora;~c and Ilansliu ng . Sectio n 7.

8IC,\ ssa rnin ,’ l ibel . I Shipg ng Regulations: Section I V
— IA F , ~: I l,iiit tuta b le liquid, rest label , I liter (p.issct iger), I C .C . - F luinmablc I iqu isl. r cii l ibel 300 pounds in csl’

-tO l iters (cargo). inders , IS poundS in other ec rn t . t r i t - c r s
C5 ’as t (iS at d C I;issi t i _ it ion: I nfl :trt trn_ utle liquid - ret .

I:tbcl.
81 CA su tm i utg label -
l-\ 1 A: F Iaii u~ss a l. t e liquid , ted la bel , nut  a eeptatt le (t ’~~’senger), 140 L i - s r  .ssti s (

~ 
ar go)

—50—
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5 . F’rIIy I.I:~~E l) ICIIIORII)F, 6 
II’i I)ltOCI.N

General lur f is r ina t ion Gcnr rril Iuih u , r iuu _ iuiu n
Syno t iy t ut s : Flit) lct i~ ct ihui rid e ; I , 2 .d ielulor i uct l u a cc . De’crip t ion. Cobo l, y- is

Descr iption: Colorless li qu id, hit niuLi . ll~.

I’om niu!a C} I CCI CI I CCI Constants: Mo) s i t :  2 0 1 ( 2 . nip: .. 2~’)- Vs ’(’. h i’
Constants: hto l s i t :  99.0. hp: 83 .5~C. tile: (.0 70, Id : fu.2’ .i- —2 2. % ’C . le t. 4 .l f5. , t ici . 74 .2~~ , cl (i Cr .1).) g / l u tcr ,

ucl : 15.9%. f p: — 3 5. 7’C . has h p. So ’ F , d: 1.2 57 at autoign. Ierltp . l0.~~’ I- . s ap d 0 009.

20’/4 ’ C, autoi gn.  temp. : 775’ F. sa p. pre ss .: 100 mm II:t,atul Auijhsis

- . at 29.4’C. s-ap .d .: 3 ) 5 Toxic lla,ard Rat ing.

II:t ,ard ,t nahsk - 
Acute l.~cal , 0.

1 us ic Ha,:t rd Rating - Acute Systemic: Inhalation I.
Acutc I.oc’al: Irrit ant 3; Ingestion 3; Ituh alation 3, 

‘ Ch ron ic Lo..rl 0.

Acute Sy stemi c : Ing estion 3; Inhalation 3 (‘lur o ,utc 
~> s :cr : t i ,  (t .

Cit ron ic Loc al: Irritant 2 (titl iation It a ,.urn i Sect ion 5 . 1 or p en u- .s us . u r I c I: s e t s , 51

Cluroni c Systemic: Inge s tion 3; Inhal at ion 3; Skin Ahsorp- ‘I.iblc 000. 
-

ti on 2. Art t t u c u: u t  und natu ra l r r .’ t . rpr  ‘It ( t r t t  u - - i - .). h.i ~I Ide

TL~ ’ : ACCIII (recom m end ed) 50 ppun of air; 200 tititti . 12.3 > . DCC.05 10 S!.~~r~r ‘II: F, ci: r t t ’ ~~’ t- . t . i p t t u l. .

gr ant s per cu bic meter of ai r. — of 0.018 Me~~. Tr i tuan s . -..rs n t r r  : r t i t 0 is . 1 1 t  of

Toxicology: Ethy lene dic hlcuride l , i s a dus t i nc t i c e  odor cur d co~~t u~ u.s ~ P ~r I’. mdnr cnt r I r u lu  i u ,n t t t .

strong local irr i tat ing c -t lee ts , w hi c h 1- is e warning of its I- ire Ilacs. irrl } lt r~ r I y dar e’c r . . s , when cup ,~~ci to P s t  irs

presence in relat i s e l y safe c o neent r .u t u~ u rs . 1 here is fl,trnc.
irritation of the eyes and upper ry’s put ri toty p.t .t~’c~. I.xi4~suon lh.m, ard S’ .  crc . w he n exp~-ued tO P C .nt Or 1’~ r i

Ethy lene clielulo ri ule has a sl~~ 
Ire s’flert u_ i the cornea. I:spluui.ise Ra nge. 4.1 74 .2’ ..

Exposu re to the vapor , or , in .sr iut i_ ils , injection under I)msaster hIai.t ,l. l) ,. ’~ ru es . cart ry .u .: s s ’ , ’ r . ’ u s ’ , it lt

th e skin , produces a clouding w h i ch rutay progress to - 
oxidizing m.u:eri .uls

endothiehial necrosis and in tutti jt ion of t he cc -ui uuc a by ‘ Ctuuiu ut e rnte as ut r u ’ s

ly mph o cyte s and conne ct ive tissue cells . lIre narcotic Veuu ti Lit i~n Cont roF S e _ t m ’ s  2

action of the compound is strorp. pt rlr ..lmb y of Use s an t e Storage anti I l.r: r . P i s:g S.c i r ’~. 7 .

order as chloroform. Its tox ic c t lect s upon the liver artd To I tghc t l ure Crutbon dtos t . i.’ or dry e hemi c :aI (S .c r,sr (‘)

kidneys are less than th at of carbon tet rach !oriu le . bitt Sh ipping Rrput .ituons S ctr o :u II -

animal ex peri m ents indicate t hat these o rg r.s may I.C.C. : I l.urnut iablc p. S . re ,! p,s. laln’l, 3~’.,( pr. ..r. d.

show congestion rind fatty degener atio n . l- derna of t he I.C.C.: (l.iqucfu~d) not asecp :u d

lungs h_ is also been reported in naniti ials . l )c rm at mt is  in Co.ist Go urd C Lussi n , r t r cn  Ir’il .i’ srr ,ulule g_u .. red p i t

m:in h_is been observed (Section 9) label.

In short exposures to high concen tr_ i t i i .ns. the picture ( o u s t  ( iuu.urd C l . r .sr t r . m t r s ’ n  (I sq . s  t e d )  t . , ’ ;- . s i r s m : t  -3
is one of irri l_ iti usut of the eyes , nose a nt  throat , fud- hAl A. I t:t ru t rur.u b le p_ is , rcd l.rlu~l, • r r r t  ,r~~rc  r t ,mt ’ t _  (p is.

lasted by di,,tness, n au s e a , vont iting. increas ing stu por , senger) , I- t i I. ul u ’gt as i t u (..rrgo) .
cyanos is. rapid pulse , and loss of ccsnsc iouss tess.

Chronic l’o isouu ing. w here exposure h i s  occurred -
u s s r  a per ii.d of set -er_ il months . rtu ay ca uu- .e loss of up-

p petite . n:uusea -and sontiting . cp i past r ic distress , tre-

mors, n)stngrnus . Ieueoeytos is . loss blood s’.rp.m r )cv elc ,
-jnsi possibl y dc rnt_ it i t ms if t here hr:is been s~.re ~~r.t .tct . A -

soil fumigant. (.tsed as a foc u d adsiut isc pe mu t ut t e d se t food
for hurtian cons um ption.

h ire Ila,ard: Dangerous , if exposed to h u t  or fi e rce.
Sp o nt r m ne oul s I lerOiitg: No,
Ex plosion Il _ ic - mm-i: Moderate , in the for m of s .s por  su leen cx-

poseil to fl ,urnn (Section 7).
Disaster lla,arcl . l)angc rous: when heated to dees re posm .

t ion, it emits highly toxic fumes of phi loge rid: Crtrt rc.lct
v igorously w i th  os idiztt rg ni .m t e ri: i ls .

Co mtnte rt t te.isti rtS
~‘ent il,tt ion Control. Sect ion 2.
‘ro l ug ht F ire: tV,iie r. ( n i  s m , c i  rh.us, i f s ,  s ite , d ro c hemical

or c.urho rs t et racl i lorud e (Sect iomi 6).
Pets ui uun el I’rot :c t iu sul  Section 3. -

F ir s t A id: Sect ion I
Storage and Ff. itus h h ug: Sect ion 7.
Shi rp ing Regulat io ns: Secti on II.

I.C.C.: l Iam ut able li qu iu l ; red iF-c l , 10 1:.utt , ,t rs
Coast Guard Cl . r ss u l i c a t iee fl liifl,irr iriu.uhie liquid: red libel. -

8IC A a tt(fl iFi( ’ Libel.
IATA : I l ,u int ti ahle liquid , reel l_ il ’e l , I liter lpa s- c egc r ) .

40 liters (cargo). I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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IIvDk ot ;Ex (hl I .ORIIW. See hy drochlor ic acid. 8 1I’m l)Itoc,F;N SI,l.l 111K
Shi ppin g R eputations: Section ft Gen eral h i iI orn sa t io ii

Ssnonym: Stulfurelied hy drogen.
ICC. :  Nonflam mimabte gas: green label, 300 pounds. Desc ription: C olorl ess : I1.mmunablc p.iu, cu htc nsr s e odor.

Coast Guard Clrms si fi c : ution: No nin fi: mmnmn ,mhle g. is ; gr een Fo rmula. I l ,S.
- s label . Constants: Lul ol s i t -  34.05, li mp: —85 .5 C, hp. —60. 4 C,

MCAw ar nuum g lab el. Id 4 .3~~, tiel: - t t - ’r, um ut s-u t g n. ten rp . : ~0 0 F . d: 1.539
Neunflaninu:ihie p_ is , green Libel, not acceptat ule p/ l i ter at 0 C. sap . press ,: 20 attn at _ e . ’ C. sap. d.:

(~
Jsse .u~ .’r), 140 kilo g rams (carpet ). I ~189 .

I lizard .timal y si t
Toxic l l . r , .usd R’at i . -s~

)51 l )RO( ’ l l l A )KIC ACI I) Acute t. ui~.d . lnur : . mm m t . ;  Inbt ,ml ,ut is u et 3.
Getter _ il lu m lor mim .itio n ,\cu~e Sy stc r,~ c I nh,,l .eiiO fl 3.
Synonym s: Muiiatic acid; ehio rohy dric acid; hydrogen Ch ro n ic - l ocal - l r rm tnim t 3.

P chloride. Chronic S~ s te mit i C Inl ual ati o n 3.
Dc5cription: Colorless gu s or colorless . lunuitig liquid; i LV : ACG III (re_ ons:mra dc d) 10 pa rts en million of air;

str o ng ly c o r mosi nC . IS nr lt i gr.mms per cu b ic niete r of ru i n ,
Forn mul _ i : IlCI . los u cols ’ ?, :  f l4drc l,’.’rt ssj l~inj c’ ~s b~ tis an ,r g t ,nt and an
Const ants: Mid si t :  36.47, mp: -.- 1 1 4 .3’C , bp: _~8I .SrC . asp hyxia nt. f u r —  e5sr. ,er.t t a t ions ot fnns m 2m) to NJ plum

d. 1.639 p/ liter (t’ .ms ) rut O’C; 1.194 nit —. 3 (s’( (tu qsu id) . CZtm t Sc irr itat ion of the eyes: slinlmtl y lrr ~ b.er Cs ’ nrc ntr .u-
yap, press.: 4.0 atm at 17.8 (.. tiori s rr r .iy s ouse imr i t . rt i ’ .’n of the upl’-: re .pimat o t y tract ,

llruard Analysis and if cxp c use me is prolonged. prnl rr u ’s u:u ry edem a m y
Toxic Ilauc ird Rzutiu rg: , . result. ilne inr :..nmt action l e t s  been ex pha uuted on the

Acute Local: Irritant 3; Ingestion 3; inhalation 3. b:isis t b_ i t  I h ,S e5 :usb ’ une s siith the a lkali present in
Acute Sys temic: U: fl t o kt s a r i_ ic c to.s es t s u Fomm somiuuum i mi u lfi de, a caust ic
Chronic Loca l: Irritant 2. Vu ’ it h hu~~br er e .s n. e iutm re t i o ns the action of the gas ( f l  -

Chron ic Systemic: U. t h e rtci vn t , s  s r s t m r m b.- 5’oses es rnrc ’rc pt~.:tt inent . ami d a
TL V :  ACGUI (recom m ended); S p :ir t s per mullion in air; 3O.n~ inutc v s ; . .s. ur e to 500 pin t re sult- , in head ache ,

7 nmilh u et r rtms per cubic nicter of s ii~. , d izzi n ess , cxei t c t r uemmt , stagger ing g u m , diarrhea at ud
Tox icology: Hy drochloric acid is nun irri tant t uu the macot is dys ur i u . follo’,sed so uu mc ti tsmes by bronchit i s or I

membranes of h u e  eyes and re
~

pu
~rmt ?ry trod , and a bronels opneu uimu .:ri:i F lie action on t he  ne rres us syst e umr I

conc etutrat iotm of 35 ppm causes irritation of tluc throat - is, with t-n m:m ll rum m me unts , one of depressi on , in la rger
after short ex posure. Con c e m u l m rm tt a ns of 50 to IOU rt~uitr amounts , it st imurl _ ites, rind s~ ith s’ery hi~’ hu r r r r o c i m t s
arc to le ra hmFe for 1 hou r. !tfo rc uerermr e’ posu res jes u It the rcs p ir ;iusmy c c uut c r is para l yzed . h -s ps .s t i i c s of 800
in pulnuonamy edemm ia , and oft e n lr mryn g ca h s pasn s. Con ’ to 1000 ppm rut:uy lie fatal in 3~s f lu i t L r tu ’S , a_ ni hi gh Con-
cen t rati o ns of 1,000 to 2 ,000 ppm a r e d ang e rous , even Ce ntration s arc instantl y f atal . Fatal hydnu .gci i sultiihe
for brief expo sur es. Mists of hy drochloric acid are con- po isoning may occur ev en more rap idl y th in that fol-
sidercd less hiri r iof ul thu _ i n the nu nh iy il rou s hiy u l rog en ch In— Iowi etg c sp u.su t re t n ’ a ‘.it ut ilar &c r n c cr utratm o n oF hy druugms n
j idc , since t h e droplets have no deh y drating acttofl , cycs nide. l I~S does not con -ub i tu e with t ire hein iogl , .hu i n
In general , hy droc hloric -acid caus es l i tt le trouble in of the blood , its asp luyxi . u etm action is diu~ to ~r~m r. u l y s s
inu lustty. oUter t han Irons nic eide nt al s 1sl:is hes aumd burns , of h u e  tesp ir _ i tc ur y c enter.
It is u sed usa general pu rpose food n id du ti v e (Section 10). Wit h repeat c il exposures to low cn s r ,c c ntrz u ti o: r s , con~It isa c ott ir m u on air co nhrtu ni na nt (Section 10). 

- j u ncti s ’ it is . phot r .p hr. h i: u , eo~ume.t I bul l_ ic , tearin g . pain I
Disaster Iiriz turd: Dangerous; sec chloruuies : will rv.u ct with anti blurred v ision are the commonest I’u udi n gs . Ilugh

water or steam to produce tort tc and corrosi ve tumm ies. concettt r :ut io ns rtm r ty criuse rhinitis . hrv rrchu itns . rind
(‘ou it t e-rnm e_ise ir cs occasiona ll y pu hr rt o na ry cdeum i _ i . I xpscs : u u c  Lit s-cry
Ventilation Control: Suction 2. high con centration s rea ul ts in i nm iusurh i_ i t e death.
Personnel l’rotme cti on : Section 3. Chronic poisoning resu lts its headache , jr rfl at nmatinu n
Stora ge tund hlrrndlung: Sec -Li on 7. of the conj unctivac and eyelids. du gs st ise c! ,sturhances ,
First Ah): Section I. 

- 
l uss of weight rind general debility . It is a cotnrmrs un air

Shipp ing Regulat ions: Section II. contamui nant (Sc’ctiomt 4).
I.C.C.: (.‘orro smve liquid; while label , 1 0 p umuts . Fire Ilazat d: 1)angc-ro us . w hen exposed to lie_ it or fl ame .
Coast Guard Cl ,uss itu cat io n : Corrosive liquid ; st - bite label. Explosion Ilc mz a rd : Moderate , w hen exp os ed to treat or

I - (:oast Gnt:trd (nithydrous) Classilucation: Nuan infl:i msrmurab lc flame.
gas;green gas label. Dis aster h u t _ i t ch : Highl y dangerous: st -hen heated to

MCA w arning label. de~o nt positiut n . it emits h ighl y tox ic tu mm ie s ~t oxidmes of
IAT/x: Corro sive liquid . white l abel , I lit er (p:i sscn g cr). su lF t m r; c_ i n re_ ic t s- ipua r cmusl y with oxiduz i rtg m: utc n u i t—

S liters (carg o). t’o u nt ern meas ur es
‘ Ventilat ion Control: Section 2.

Pers onnel Im ro tcc ticm n: Scet ion 3,
Storage nnd t ha n ui ti ng : Sect ion ?.
To lig ht Fire: Carbon dioxide , dry ch ici n icnu l or water

!pr ay (Section 6).
Shi 1sp ing Rcgul _ it ion~ Section II.

I.c.C.: Fh a tttmm sr u h s l e p .ts; red gas label , 3(~1 pes unds .
Coast Gu ard Classification: Inflam i t uc ubte grit ; red gas

label.
M (’A w .irnin g l,mhcl ,
I A TA: l’l,imuitable gas, red label , nest acceptable (p_ is .

icnge r). 1.10 kil og ran us (cargo).
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APPENDIX I (Cont td.)

- 9 ISOBUT,t~~E 
~~~~~~~ 

ME 1Il\ I. (111.011100:
General Inform ation ( vti ~r_ il I nf o r Iliatl i_it
Synony m s: 2-Methy l pro pauu e; tr imeth y I imuci h: m n e, 

. s3 nu un~ .., (‘ hto r uuinurtl t ane
Description: Colorless gr it. l)es :r rt ’t c-a (O!tm u les s gas
Formu la’ C hi lonmn ..u ( h l ,( I .
Constants: McI s i t :  58.12, Imp: — t I .7 ’C . id: l.9~~, t ick (‘o n ’ _ i,t~- Mcml s i t  Mi-F’!. ti;r. - 23 7’( , let fO . 7~- m i d :8.S~~, fp : —I (O’ C , d: 0.5512 at 20’~~, auto ign. temp.: 

~ ~.97 7 ( ,  Ih.m sh p 32 1- (OC.). d: 0.918864 ’ F, sap. ui: 2.01. : a: 2u , _ i C. autoi gut tem p.: 1110 I .5_i p d : 1.78.ilatuar d AnaI ,scis Il a , ,mt ni ~nul y s i s
‘lottie h aza rd Rating: lo s ,ue } lj z , r r d  K I t o : - ’

Acute Loca l . 0. A nnn:e I u , ,’ ,il l i r i t ,m nt I, Im: h , r , n t t nm n I.Acute Systemic: Inhalation I. A: _ i : e Sr s: - : i r i u ,’ Iu ie e s mio n 3, I r , h . i l . i t i . r r t  3Chronic Local: 0. ( 1:’ ,’?;, l . :u t  11
Chronic St sten m ic: U. ( l o r e S s - n rc  lri:’c s t u n s C  2. Inhal. iti_in 3. 

-Caution: An as phyxiant . Ac o miu ro n air con tru t uu ina nt . ‘ii ~ ~~ C I I I  ~r .~~ . c ’ i : ’.r’ cr .b d)  h~.Ci p i ’ tu  per n’r 1lre n in aim :Fire Hazard: Dangerous , st- hen expo se d to heat or fla m i uc g~~ n.n i t r , ’r .n r r .  per cubi c mr e t s - m s u b a i r(Seeti otu 6). ‘I r r s  ,. . ‘~
. • . ~~~~~~ ~- r : ~~iuie I.. 5 cr )  sl u~ lit i r r i tant p im p .Exp losion Hazard: Sev e re , st-hen ex po s ed to hc’a t or flame. ernie. r:r i c ay  lie mrtlr.t ld i l “ .i ni : r..i tm. c ml ” .- h r  . .u ’ :r u !s ’ r tDisast er Haj ard: Dangerous; on cont act xx itlu ox idm e i n~ It ha. s I r s’ I m ’ ’ C I u  i c ;me i u oO . b i n : t h us e l lect is sse ;uke umat erials , it can react s~gorousl y. r:~ ~n li i i  of eblo t iutor m A5 - .:c i. m rs e r t i r : .  e bra ; .:et c r-

~ounternmeasures - 
micl l x  th is ’ nni ’ Crui,n ’ c O , e t , is r .u r e in It t - r u t t y .  ReVcn t ilatj on Co nt ro l : Seet io n 2. 
~s’ a : c r l  e t ;  ~r m:e  i - i  I.’” c. ’ .en t i . ut :n, m 1, c . u s s c s  d.uu i i:ueeTo J’ ight Fire: Carbon dioxide , dry chemical or water spray 
~~ ~~~~ ~~~~~~~~~ m ; e n u r ,sau s y ’ : s -’. m , rind , less [ r e s i n eumi l). to(Section 6). t b C i c c .  lur I d 5 . , hxun t ~ mr’ u r n u ms. . 1  e . i r n l u o u . i s e r c b t r

I I . ’ i i ’  n i l : .. Cs into n e  r i O C s . i nt es t in ni l  m t . i 1 i
~nd ~ ar _ i  h,t s e h:~n rvpo r: cut . Spr.u r ed m ’ :n  thu s ’ s ki  : 1 .

1 chlmu t ide ptn d uc u - u a ’ es t l u cu r a  t b u is :e ’ hu Ires ,u u - ,’
of t he tiss ue as it es upon u t - cs

I’m exp osures t im ic r: S ‘)fls C ‘in at usas - di ,, nest ,
d rosiurn e us. incou ’td un , ir u rn . couiFus j~.a, m . u n t s r . u  ansI

- 
, 

s cu~~ t : rr e . al~~umrum j n. ~l p.mi f is . hi~s’s iu’h, - , d i; u h r1u ,i . lr , ,!10. ~ ii:i IIVI, AC1:TA1I. 
d r rts n~~ss isf s u i r u n u i re  fmill,ir ,~~,l l’s c i e l r m n r n n . u . ss ’ r rs i u t - i suncsGeneral Information , - , 
rind c -a r .u I )nr,it In t~ is be i- :  ri cut -. r c , 1-cr  if t Ime s’s poL)ertcr iption: Col or le us. o h_ i t tIe liquid . 

- ru me is me. ,u t  lii ml , i n n  O’Ci y is usua ll y slow .u’’ .t Itm n’1 ‘, I . n  i ihormu lr m : CII (.O,( ~~ - 
- ‘ ‘ ‘ 3 I” ‘I’ ‘ t i . d  C S C P C n ’ s iii t ic . ’ cc uu t a ! t C t s ’ LuOS u i u t r ’ : r i r s ’ ir ut umu-(ons ~~nts 

b 5 7  ~~( ul 8i 90 fkmc h p 14 1- d 0 9~4~S “‘a ti lb It i r h i  1 1  m I i t  iii my I’9 4’c a :,ec t ,-d . w i t h  r e ss l rm n u ’ ‘ : . :c nu’ph i i tm s ,i:uni unentm . i .au to mg n. temp.: 9,~ F. rap. press - mm at - 
De_ i : h O t i s  i lCu r i  —c i  e t. ml  it. s af nm ’r C~~iI.

I. ’.r ru . res _ i l tu ,’,-sap. d , : ISa. 
frs u~ i dc ’ c r .- c . i t u u e  chu m . - ,, in t h e  hs ’ .i mt , l u s c n  .in,bhlnm ,ard Ana l ys is 
e’~ e~’uau i~ the k r u l : r r ’ s s . In u s ;  . .it c ,I  es ps ’. ’areu t hu l~’ sicmToxic ll aznm rd R.ur ur ; 
COfiC, , t r : it iu’t iS theme ’ is ur~ -c - - s  1_ it ugue . l i  ,u t uf i1r ~~n I i n

Acutc Sysictuuire : I~~e ;  ion 2; Inhmnilat ion 2: Skuim Atmsrsrp. ri u sci .h .u r us e.m k flCss . t i ns ’s ’ . .1 C S , ,mu rd (h r ru t ‘ e s  ni l u s - ’ : .
lion 2. 

After eli c i ts rime cs mmtmm orri s t he resu lt 5u f u! ,. l ’ r ’ u ’ i , thu eChron ic I .oc.ml 1 . 
- . - . . cent r n m l n c ’ t u c r Ins sy stern . us c:~. Is tt ,u l elr .rr i; ’ n s ,u - .1 ,m t r - ,( hronic Systemic Ingestion 2; Inlurilnitmon 2. S k mu m Ab- of de pr s ’ ss ir ur m and o the r  psy c h ic mu s t - i  r bauu ,’eu he i r 1’ i s50rpm iOn . - portedT IV :  ACCIII (recoe’r-~cnded). 200 par ts pet million in air; 

Nole: Used us a limed usddi t j sc  l . e n u ’ u i t r e n i  cm f, . . .l f5 u~ hmu nnua um(ml 0mi lli g.rams l en cubic meter of a im. 
- , con sinm ump it i~mn .lox ic imhogy - : Met hy I .m :etltte is n_ i riot mc , hum is I s i s  ctm I h,un 

F me I I  m /ni nil f).m ripe rout , si-lien s pu ms ed to  hi re_ i t su t ft m m mct he higher me nare rs of the ; mc et at c S e m n c s  It h_is an 
Spont_imiesius h l~ atinm it. No.irritating cfl ’esi m.~ sin the tnu eous n ien ib ran s s of t h~ Fx pl ims ion I Ir m ,a m ml : Mod e r rm t e . su hen es p o se si t u m he.ut onC)es and upper :eu pi r.i t or y t rj ct . and its this rc spe~t 

Ila nme .its action is sir . ge r thrm that of thu ~ l i g h t e r  n me tt s berc 
Disaster Hazard: L )amt ge ro us- , sul ’~’n h~, mte d t im d cu irurp. i.iof the se r i ds  1 i rr it.tnm t cQnCdn t rat mon is .m h’oru t I (l,(5.5,) 

~~~~ ii c mum ins ii igh i h y t m m t  f a rum ~s of c hu l.um ,,tc s , c ,u ui reactppm , - u igomou s ly us t Im o~ id iiitip mater ia ls .Signs rin d sy mm’. ptuarns arc irr mt -ci t t im cm m l  h i  mit rug, of I (‘pu,iu t c rme,,si ir i ’ sthe eye s , Iaeh r ; . mrs _ i t io n. dys pne u . p . ih p i r, i iun in of the - 
Vent i l a t io n C~ nt roI ’ Sce i iumn 2heart , and cem n rp ’ a. n t u of d cpre s st s n or du , it r te ss l’o I- tght I ume . Stop flow ~l ~~~ c,ribo n dioside , tiny cl-conicall ire hl rm,a rtl : h)nm rigc c~5u~. w hen esposeil iii hc ,mt tm r f l .m mmm c. 

or us ,mt e m 5;’ r,my (cc5 t On (‘).Spo n lanes mu s li e .s t mn p. No, 
Personal ll y f ien e’ S ec t i - i n  3.L-x plos ion lI.m ,u rd . Moderate . w h e n  ex po sed to heat or 
S r  r.mg s’ rind Handling S ec t is r’i 7flame , 
Shi ppun g. R c c u l : t t i c r i r s :  Sccti is a I t .Disaster h I m  ,ni cd: 1)_ i r t ee  re mus , upon csposu is’ to tie_ it or 

I.C.C. I l.r I n c  i c r . h h h s  
~
‘ - i ,, rc uh I’ .i I_ it’d . 300 rou rr c mflame; c_ u react s u g. m,mi u.sly s u’ t th m s m s u cl i z tn g nta rer ia ls . Coast (i n _ n d  Cl . mssr he , u tu 1 u-t lr u hl.mr ui mmiable f _ us . red ~ut(‘o unt rr measum r es I.mhc l .Ve ntil at ion Contro l Ss’~ti on 2. , M(’ A ss . mmn i t m r  l.ihs u.lTo Fig ht lir e . Alcohol foa m. ccm r tutsn dmotu ih~ . dry c ht cim u ic ,m l 

- IATA: I I.u t u tm mu. m h h e i r s , red l.uhe l . not n iccep t.i ” Ic (p,ms.on car bon l etr , mc ht , urm id e (Sect ion 6). 
mi en ge r ). I-to k ils ’g r .u ms (sam 5’o)Personnel l’ rote~t ,~n. Sect ion 3.

St or. ige and IIand lur. g . Sec tion 7.
Shipping Reg u lation s . Sect ion II.

ICC, :  Fln,mnu .ilde liquid: red label , hO gallo ns 
-Coast Guard Cl as s ification; Inflamma b le liquid; red

IATA: Flarn n ra ’s :e lm n 1u iul . ted I,stmeh, I l iter (passenger).
40 liters (cargo).

—53 - ,

_ _ _ _



APPENDIX I (Cont’d.)

~ SUl FUR I) lOX II)F1 2. PROP A M~ • (;~t~t -raI Iimlu r i m m_ it loumGe~cral Iisfo r ~m: , t im m mi 
S nott y in: Su lfurous ntc ’md nmoh y d n id e .Synony m . l ) um cthyl nu c tha ne. 
Drexe riptio n : Co lorless g . s  or liquid: pun g emut vul4m r.Ds’seri p tt omt: I. ol ci rles s gas. 
I’urtusti l_ i - SO~Foniusulnm: (‘II .(‘JJ~CbI

Constam it i : fsl nmt s i t :  $4.09 , huh :  - - -12. l~C, 
, 

Id :  2.3~ uel , 
Cimnut.t ~ t s Mu,l s i t  (.t .0( . nip 7~~” C, lip’ — 100 C.9,St , , Ip. -- 187.I’C. fl ush is . - - I~ 6’h • d. O.5S 2 at d I i q: 1. 4 34 at O’C , sap d. 2.264 at (I C. sap . prc s s— 44. S ’ /4’C , aut o m g n. temp.: Si-I I- , sap. d,: l. ô. 

- 253~ rtrn m nut 7l . l ’ ~’ .I 1_ irni rd At.nth y ‘ i s  
- I In m enm rd A i i_ ih s ixluxic )l,i,ard lt nmti m up. .’ To x ic II_ ii ar d Rat ing ’Acute Loe ,ml. 0. I A~utc l .oe.m l . Imnit. mn t 3; Ingestion 3; Inhal ation 3Acute S~~tetts i c . lnhu nmlnit i ,a n I. - 

Acute Sys te u mmi c U,Chro nic l ore _ i l . 0. Ch ronic I ti c_ il : I rr i tant 2 , huuhi _ i l_ i t ior m 2.Chronic Sy s le m i mic: U. 
. . Chro n ic Sy st cu i r i : . L iT I_ V : ACG III (re c omm rn m en d eml ) : I (8$.) parts per mm i i l us rmm ol air , T l,V: ,‘uCG Il l (recormr meuided I: 5 pa rts per rim ill on iii air;1800 i t u i t h m piau t rs per cubic meter of n mir . 

- , 13 tu mi l l i g u ru n n is l i -c r cubic ttn etcr of airTu~ic it y : A ge neral purp os e kuod asklu t m s c (Se re t morm 10) 1o~ ico Iogy : Thu s gas is d.nnge rcu :r s to the eyes , as it C_ i r i sesl ire Hazard: h ighl y d.inge ro us us l ien cspn us cu l to lue,ut on j rf i t _ i t iO fl ami d infi,uu rumn ati n m n of t i c  eurrjmimnctiva . It h is afl ans e. su ff oc ating odor and is a c o rrsm sms e and po isonou sSpo ntnt n urou s Ile .i t iuug . No. mater ial, hit in to int air or fo gs , it ~ ‘unb~ncs usi t i~ s i_ i t e rI.tplo s mo it Ilaza rd , Sev ere , w hen esp os ed to Ihi mmu e . to form s ulfurous nic id . hut is unly s er y uls usu ly o~ id izcd
- . to sulf t n ric acid (Sectio n 4). Con ce ntm ar m , u ns of 6 to 12Dis :m s te r I i . rz.mr d. I) .imu g em s ’uu: c .mmu react s go t ou s ln ss rh 

~~~~ ~_ius~ imrr u ed i mn c ir n t  in cu S of the none _ icrnlosm d r~ - n c  mal e ri , ut s . t hroat , whit e 0.3 to I ppmir c_ in he det ec t ed by m i - c as ci .r n’d(‘m m ummtu ’ rn ,s ’asui ru’ s 
I irudis tul ual P c)xini h ’I ) by’ ta ste m m  thi e r I hr_ i n by Flue sen se

~‘cn t il .i: uce C’ 5r rur ro h , Secti o n 2. of snr ei l. 3 ppttm bias run easil y n usti c e nml u le odo t rind 70To I ug h: I .rc . C .mr b u n dt o .t ide . d my client cml  or us atcn spra y ppns is the le ast atmuo u m mit us Is i ch m is ir C it _ it imi g t im t h e  en cs.
(S:~nton 61. 10,000 ppni is an irr i t .m nt to t uuc ’ is t ar e _ is c f  t h m c skinStor age -ci r:J II :und lm nht : Secti s s n ‘~ w ithin a less mur i n : :r t es of eu ps us ur e .

It chi efl y r mhieets t i c s ’ upper res p i mn itom y t rac t m u d  the
bronc lni It n ay  c_ muse edem a of tIme lun gs on g lo tt is , airni
can produce resp iratory paral ysis . Couiecnt r.it u u u u rs of
< I pp imt are b~l ieu ed to be injurious to pl_i n~ lof tap e.

This nm _ iten i ni l is so irritatin g that it pros ides its o us t
warn ing of to x ic cs r nccnt ratil )ns 400 to 500 ppm is
im m edi atel y dan g erous to life an d 50 to 100 ppm is comu-

~ide re d to bc tIme n m r u.s iimmu rn pemmis c ibl e c o ncen t n .mi , ,a
fur exposures of 30 to (‘0 minute s . I:xcessise cup susurcu
to hig h enoug h c o n cc nt mn mti em n s of thi s tnr. mt cn ia l c.mn he
f atnil , I ts t o x icity - is c~nm tpa rahuls ’ to t b t ; mt of by ml rop en
ch lori de. Ib o us e se r . les t than fatal c o nc en l r nt tn n r r r s can
be borne for fair pen ioth of tim iic us m I t  rio aI’ p. mr ent
permanent dam age. It is used as a f u m m mi g_ i nt , insecticid e
and fung ic ide , and a c hemic a l pr s ’ se r s .u t i s e  foo d ad-
dit is e (Sect ion 10). It is a con unuon air co ntamm im n a nt
(Sectioti .1).

Disaster II_ i ,ar d : D.m ngcro us; w ill n c _ i n  t us ill m water  or steam
to produce to~ie atud corrosive fume s

(‘ounierrlte risti ren
V en t l l_ i t ion Con t rol : Sec t ion ? .
T rea trmm c nt runul Antidotes: Pers onnel who h iss ’  s h o w n toxic

sy nt p t o mmms us heim ex po s ed to th u n r ater i . m l  shrustnhuI  im ’
mediatel y be removed to f res h air. II the eyes are in~sulscd . they- sh o uld but irr igated wi th  co p iusris q uantiti es
cml su cm rm su .iter. If the sy im r pt om s per s ist , ca ll a p fiy s i ciam s .

Stora ge nr::.1 Ila nd h in g : Sec ti on 7 ,
Shi pping, Reg ula t is ’r. s: Secti on I I .

I.C.C. : Nu ui ufl , in mrn : uh lc ~.ms , g ree n label , 3~X) poun ds.• 
Coast ( i n_ ird (‘l ass i h ication: No n infl_imi mm n i hl e g ,.m s ; gms ’en

gas label .
IATA Nomsfl rmrirurm:mhl c gas , g ree n l ibel , m un u t  acceptable

(passen per ), 140 ktIeu ~ r ,mit ss (s .u t f o )

4
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I~ t ) I’F~~ l:5~~F - —  —- 15. Ilh’XF ’u F . t14. t~~~~ni [mili n rnaiiiii , 
_ ~~~~~~~~~~~~~~~~~~~~~S> n imny uu u ’  2’ Mc t luy I hrl t .mmm e , ismu _ i ni) I buyulni uk. s> muus n) cs Il e sn ui e . h rnt y let hiy icne . hrx y tcmmcI)m,’ sc r IpLiuits Co lor less hiqu uI us’ dli pleas _i t uu du u r - i less r pt simm ( ‘ oS_i n le ss li quidI umnmtula (‘Ii ~~Il( I I ,( lI~

( II I . mm~iJ~. m ( H ( 1 1 1 ( 1 1  l (  II ,(tmns l ant s Mu.l si t  7 2 1” , bp 21.Ii (’ . f 1u . It,0 ’u ( . ( Oi u s t _ iuut5 .  S b t  mu m 144 . Its , nup — 9t1,S’ C. lip: (u3 . S’C ,flash p ‘ - - (1) I ((‘.(.‘.), d 0 1,21 am 20 /4 ,~ ,, f 1m . — 139 .9’C. flash p 20 1 , d 06132 citni t i t uumg n . te i mm l m - !tItI F , sap fur cs5. yars iiiiui . mt 1 1 , 1  C., 20 ’/4 ’ (’ . s ap preu s - 310 mmmi u t  311 C ,s~ p d : 3 0wag, d 248 , let 14 ’:.- , uel . it’ -u- r hla ,a,d An~ Iss is
hIds’M,J ‘tisaln si ’s Iuu .umc II.tzaol Rcmi ing-
I uxie uty Sic lmcum m .Immt. Acumt e I u ,u ,u l Imr i tan l 2: In ges ti su n 2, In hal a ti o n 2.lir e hl.m,arul, h igh l y sl ,m um gcm m uu s wh emu e ul s nm s c uh i s  b i t t  mum Acute Sy stemi c ’ - In ha l_ ium nsn 2Il, m uu ie ( ‘h runmc I.uic ,sl . Li.I a l i l sus is m im II .0 .inI I I iii ii~ u55 ii 

‘ 
I (‘Is ruin ic SyS tem ” mc LI .Ui. ,isie n II i t _ i  r I I ).uiul’c rsu a - ,. I’. sr~ p .u -s.n~ I m u mu ’ i  sp . im Cs , hi 4t 

li t re II m i_ inst - I ),uurge ro us; when mu puss ed tim l ie _i t or f It  mitesir open Iha utu c: c_ mu t e.u ct s igu um u r usl y w i t  h r irs ~l~i unI t : nu t- 
(Sect i uumm frI

ten maI n I) is; ms icr h l _ ii. m ud Ii mm rg,e r - u s , upon cu t ’ . ‘ sum m e tum hC ,it oruumiteniIi ea’s~sr ,’s - I l amm uc . e m  me .u.: t v g lu m ,  a ul~ us m m l i u s  lu , um’ 1m nm ,u le rm .mls .
~eium t r im ott C o t t  rol. Sect mon 2. I ( ‘musu,m tm ’r n u m - mis n, u- s
lu lig ht I tie . l’u i. it n . carb on shu u sxi u l e , t Iny ehu c umu iea l sir V cmmtu l . m t u ru u m ( ‘uu n i t , ,s l  Scei uu un 2curli m ma tetr _ ic bml u mni de (Sc t i um u m (‘) - 

I’emsuum u ime l t’ m i u i s ’ s t i . , m Ss’ n i r . u m i  i
Stonige until It.imi slluu u g . Scu.tiuum u 7. Smumma gm .’ .mn s l llm ruu l ting Sriiu~n 7Shippimug Rv gu l_ i mm u un’u Seu’lii un II

I.C.C : I’ I j u ummum,mh u lc  li u lt i md; rest l, ihu~l_ t O  l~.uhl uu ns
Co  1st ( ;ua m, l ( l . ,ss t t i u _ i tm .mmi :  h m mbl _mu i m n i i _ i l u le li I 1uuud . n~ d l ib el.
IA I A. I lau m mn mab l e l iq uid , ted l ibel , I liter (p sss euige r I.

40 lit ers f c ar g um ) .

“ “ ( i~ ral lithi mi miu - cuti m un ii Ill ‘( -\‘sL.
Syn un)mn’ An u yl h my m bni de. 16 . ‘ ‘

~~ i T ’ ~uilu,m,minii,,n
l)es~r upt ion C ‘u m hui r Ies~ l mu h ui iii - Sy m iuun ym h lesy I hy d r ule
I um r imi ul.s ’ ( I I( (  l I ,),( II ,.. I)esc t ipt iuumu ( ols ,rtess liquud .
(‘ or i s t nmn is  Sl m , l s i t  72 . IS . Isp . t(s . t ’ ( ’ . f l us h j i . .:‘ 41) 1 , I sm m m t m uta  ( 11 4 1 h l ,),( II
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hu urmnm n s I ’ I u s l m u i u p u u l ’ n r  Se r _ t i - ’ n  t o .

l ur e hI ,u iamml I l.II il n i u l n n  - - us hen en i usu s ed to lu ca t ,,r Ib, , i ums r .

51’ u u u t_ iu ie u ’ uus l i e . , )  i ’ n , t’~uu

I- n pl.~~usui I t ,u Lau ci ~‘ I’ ku .ute , us t en  x run l. ’ ul i, il ium , e ,
I)t s. mst c m 1).u,.u n .l I l.s, ’ ,~~.’i r5uI s un ,” , ’ s s u’ s ) - I l s i r m e  t n  l u c. mt sum

Ila umme . s _ in t e a s t  u~z u mru mu us t ) ib m s m ntu i m / i t i g  nt iat e rm. uls

4 umuum mf i - r u mm , ’j s ums ’ s

‘s ’ s’ u u t u l , u i i , r n u  ( ~~~~~~ S, ’ s t s , s n i  2 .
I., I m i : l s m I sic 4. J u l- - i ,  m h u s s s u n l c . dm > m,’ hmeimuue a l . mu m s a u l s u ’ u u

u s t u  a, ) s l , u m ushu’ 55s _’si s , s u i t s l
l e t  ‘s u ut m n ch I~m ,m iest  miii ‘sun s’ i m s m mi I
S t m u u . . g r _’ , mmuu l I l . u n u . l l s m,g Seu, i,1u n 7,
Sl u mj” 1 ui n i 1 ’ K. g u u l . m t i s s u u s  S r _ s r  r i m  I I

I ( 4 - h l .u muuuuu _, Is t e s. i uu . I , r, , l  t _mtu .’I , I)’ ,_ , l l , u ius ,
( ‘ n ’ s _ s t ( ,Ii . l tu h  C ha ssu ns .uu m on humi l . uuu , mm , . m I I IS  Ii u~

ui.l , red
h_I ’d

ti lt su. mu r u l n i ~~ l , i ! s r _ ’l
I ‘s I ‘s Su e  -\‘ s . . l u ,m i . N I,.) S

_ _ _  - .
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( , v us s ’r ns l Is sls s ns s ai i m .su (,ener uul I , u l m m r mi m _i t i um n
S)n ui si)i t is I l Iu _ , u u , u b , mmuu ’t lmy I r_ ’ ,u i ls i f l lu l  , _s 1ru i uu ol ~i lii - Syt tuu ny u r m  I - I c u u I~,iiu ri I , eth y l eambunmu l
It esc i i l stm ss tu I. Is_ it , ,uml,u u Ic ’ s_s . h r .u 1 ’ r . u m u t  lu l l umu) — Deseru(u i i ssn ( ‘ he i r , odorless lmq uud . nsIcsu ) i~r l’hike m mtl ,m n,
I m u t uimiml. i  ( II , ( 111 ) 11  - (‘ t umu s t _i n t s ’ MimI s i t :  1~- ) l . nip — 127 C .  (‘ I’ ~‘ 19 ’( .
(. s_i mms iru m uis Pul. m ) us t - I t .  Ii:, t I u , I~ 12 4 , ( i ts 711, t e l  .1 )~~ f l as h I’ ~ l I (C ( - )- uk . 55 Cult . ii (1, 1414 . 14 ~t 20’/4 ’C .

us-c l I’i ,, Ii’ I I )  I C , It s _ s b ,  
~

u ts’ u I ,  .1 (i , 7ts ’),) ,ui t el 2 , ) ’ ; , s me l I ‘..S , nu u umr _ uugn hemp. 7C)4) ’ I . sap ,
20 / 4  ( , .u i i tm ’  g um t s m m m l m  I’l l I - ~“l’ ~

, i s _ s ’ s  I t t  m m u u u u  p u s ’s _ s . I t )  mmmu u u at 14 J ’ C,, sap ci 2 tu ~
at I’) ‘ u_ l i d I . ‘s~I, hlis ,usrd -kumndi s is

I Ici g_ i ud ‘s ss _ i Iss us I u l S u s  I l_ i , , i mu l  l -C.m i iurg

~~~. I I,ui. t t d K , um ui m l ’ Aeu t~ ),i us ’ .m l I r r u t . i n m  1; in g esmu nm um I , lrr s. u I.uiul’ I i I.
As t , i c  I s ic _ i l  h i m  t ut u I Asute  S~ s t c u i m s n  In hu.c ta t u .unm I
A r_ u t e  Sy s i e m i s i s  l iugs ,t u~un 2 , I ui hu ,uI_i imlsum 2 . S l u m  .“ sl us ~u r p ’ C h n o m s m s  I ri m) ( I .

hm ,. n I ( hmsun is  5) st e mimu s Iuu lu ,m lat is u nm I
I ii m smuuie I ,~r_ ’ .m I I mm u t . uuu t  I i t ’ s  - AC ( . 1 1 1  ( t e n t . . tmse l ,  .300 l u_ i ts  rem m r ruh t m s l . u ;  1. ) ) m  m mu u t l u —
C I m is m im i c Sy _ s u c i mu i s  l i ugs ’ s u u . mn I - I u ib m , i l , , t  uuuur I , Ski mu Ak . gu n mmm ,s per ,‘ mu l , us nud er tul a i r ,

‘ sou l u t t l s t u  i I Inc I l,n ,, m m u l l) ,iuu gs ’i~s r u . , whe n c~ ps s ’ sed hum he.u i or l l . mmuu e
II ‘s A( ’ (. h i I  t m . ’ r _ . ~ ’ s e r r _ n Il h i  huulk i  1r .umt ’s 15cr u u u u h l u m s u i  in Sl mu u uu i, smm e isiu s IIs ’,u mmm u g >s cm

.s u n , lti usii m u u , l ) u 1 ’ m , , i u  IS t ’ ~
’ r u n  n umuu ’ t , ’r . u h . muu - I s; u l ns - .m.suu I h .u i , umu l  M uum ler , i t e , us Im emu s’ s l n Is ~~s u i  u i  ) l , i um , e

Is ,~ us .. l . s gh I hu e s ) s i m ’ ui s. s i l e m ’t s m I eil u I .mI u~u l uss l  m h m t h c u s  1 i s ,,s m e , I l . u , s u , I  t i , u i i ,,’c u. . l us , tu ,’s ’ ’ n m u p l s _ s u m e  ~~ hue d .- t

situ t h y t sI . , I m , - l  I ii i > ) .uIsI. bus , l  IS i . u l uus l I ) I l _ m i mi c ’ , s u n  u e.,s) m- u g u mn iu us l y sm i th ss~ m dui uui g mu m t i em uI.
muiss lti. ’ SI s um mIme t I l l u l ) i , m  ( i i  l u .s um s b m , u s I , I c  ., u i u l ~ ,ulc ’ u , .muu d
iii s s ’ t i t i  s _s i  u - s  u ’ us i l uy I , , I s , , lu us ) . s o s i u u m m n s ) , u t i . d  d Ied run -

L u m s  I ),..s i i)s L’ thu y I ,uhs lml i , ’ )  1smms_sCS5Cs u s s  u s . u t i s  I n s ’  ( ~~~~~~~~~~~
Ise i t m es . s’os u ,e num .ui ussti s su) lur _ meu i i  hum p ru usl u ee mlii ’s e h ls i s t  I’ n’ ts l i mr m iu ’I l’ m u ’ t I ’ s i i s u m i Se’s i r u r s m  3 .

a rc ,u,it n e t s  hr_’d ui t r ud i us t ry  I s 1 mr_ u nl i i e t o c , u ule cmutm a’ k e mut i hu tu s -um C s n i r u l  Scet uu m n 2
ts m ’ m m s su l ‘s ,)Sk n t s m 1 1 1 ( 4 ) 4 )  i’i ~ ’’ resu l ts  iii iii u t . u t u . m u m  of t i m e It , I ugh u t I I t s ’ . ‘S ls u s l usu l  (s m _i m i u _ c u r l - - s u m  i h i u u s u ’ ) . . c I t y  s hcn i t cu l
u yes am m sl nicuc u m Us smme mm ml m ia n cs u( the u1s ~uer rc s p ur a t s mry  s mn c , mr h ,s i n  ) u ’ t r , is luf , , r i r _ le (Sec tu uui (‘I
I, a r_ i  If dsm t uiu t i udii lot amu ims mu u , stcu puur ru In1 dr r_i tusmness Stuun nug e cumin1 I l.u iu ill iuu g. S,’st i r_ mn 7
st i c i > r cutsl ) C ,mm weu it r mt suns below I ,t M K) ~pm ,  uswut ly i

pm ~,,l muec im s u s igns 1~f ummi u i s s i t  u 5u m t 1 hem e us m um e s u t r r _ n etc
Cs - t i  1u s d  l i m O t d~~ea i5r _ t  es l uu m s u ic u sm et hu > I . i ls um bu u s l  u .upumn . -

n~ ,u h ts it , s- m i t  h Im _s m _s  iii t iis Imu e r  l ime s m m . tu t l  s l I es t  ,,( ethy l
.il.’ m u bmsu ) m ’ uls ,e u u ,  I t s  un su . um ui _ i s t s . u i t  , u i m iii. ’ mu l ussumus umi el mu—
hm r .uu t es sul t i me e y e s  ., u u d upper ne s l m u m .u t t i t y ) t , u r _  t .

I % l uu u suit i , ’ m m , c smfl s ’ mr i i t i , t i m umm i s  uu f miser I ,i M i ))  Is i ’ uut mi t) ’
s’ .ucts e lie u _ us bus ’ , s r i  ut i t m l l m m  mul t Ime e~ es , mruuss - ni uol th r on u ) ,
run , t . ml lum ~m1’ , , u m u tu i , i tc s i . t i mu ,ss s m, mess . m , uu h hassu m u r _ le . hsmss tub
;s p1uc) ii,,’ ru ms I , n , i lm mlmh m u  c umm i u em ui m ,ut c I

I S t e I In t ,n mr t i  hma uu gt ’ u umuu ’s , w hen esp imsem l t um l u e ,mt tsr f l n t u t se ,
enu n t s ’ .ms t 5 tg.tn i uc usl ) w i th  n u s u ul m ’ mn g mmm ate ru . u ls ,

I) is as t en I t .m ,.t r ml II.u mm ge ru s us . w hen exp us _ se t i  t. ’ Ire,,) din hlnut i umr ,
Spuunt n m neu mmu s I It-nit i img N~m ,
I n 1 u lsmsm ms mt I l ;s,.ur ut bl ,u slv r n u )e . uv htemu es~

s mm sei i ti m I l , uum r e.
( um u nlr’ r ruu s ’ ;u sur m s
‘ s r _ n t  i hmtsu , ut  I ‘ ,u mm l ru , l Set I uusu i  2
I t ,  I ig i mi I i r e Ai~,,hui m I Imm .tm m , . en mrl mu ~n cims usiul e , tI ny’ ,‘ tu c mi u m r _ .ml

uu r c.i m l , , u is t e t m . m r _  IuI ,m nt u l e (Seu t i . m im ~,l
St i mr .m I’ e ntmum i II., mumU mug - Nest ii,,, 7 .

‘ Sh ut u psat’ Rs ’ ) ’u t l ,mt u l ’ m m s Nest ‘u, I t
II I - I l. m mmiumm.u l ’ I c  Imqmuusi , mcml  I,mI ’ m ’l . t i u 1’ .~t )I~~is

C ,u .u _ s i I ,,i .u m . I C I_ i ss t ) i , ,uu i ~u t m I i , ) l , , , i mm i m, m h u l s  lu m i m s u i l , redl
i,sh m t’I

Tsl( -‘s us_ inning ), m hmel
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APPENDIX II

ADDITIONAL SAFETY DATA ON COMPOUNDS LISTED IN TABLE VI

NI I Il A ’ l’ FS N () _ ~: (‘ ill UI-I ‘S I FS , ‘s , () N,
t;fln t ; ~~ 7~~IsO n ‘‘  

~

; Ik s- m lut e_i n: I~)ng~ nic nui tra les are usuall y hem me d nilro coin’ 
~ 

l) es
~ t l i r t  no ni  C. h lssr _ i t e s arc a d r s i , I h i s m n . u : u.n of a rmn~ iaI s I r

pummm nds , These c nun r pu u ummds are a co n th mm ,r u ti u, u of the r h)t lr ~s~i. nl aruul C 0, i m u u srur _, s ns lcnm m a 1..,) ‘I bury a rc
( num r . i  ( NO,) gro Ulu utmd Mn s i rg.-unic rad ical. l low ev e m . 

~ 
c r y , t , u I n r - n  and sonru e u.h ucit r_idInI i ucssc,u i

ib is t et t im is oft e n used tm i d r’ nst c mm i I rue acid esters of “ lIam.s ru l ‘s uuu sl y sis
an Ongni ni c nuat en ia l .  Inom g n u muie n i t r u t ~ s ar e co mnp csuu nds ~ 

‘b r _ Ic I I,u.’.,nd Il .lm mn g
‘ 1 til nmcta ls whi c h are com bined wi lls th uc mono— v umlem m t u ,‘sdutd I m u c.m l l u I t t a ru t  I

‘NO , ra du eal ,  . 

~‘ Acute S yshsuum u r _  lr i~ d siumuru 2 ,

‘
I (‘Iunm,um uue I u uens ) In nuu , u mmt I

C, hr ,l mu ie Sy , I r_ ’ ru lme l n g i r s t u.s ni  2
Ilaci ard A mo ty s I~ Is- t m s s l I , - ~~ ‘ I he prs ius u s u al  t s _s Is C t iects u.f etm s i uI Cn at C t he
Tonic hI4zard Rusting: prtm siustuu Imu of rr u e i t u c ’u miugLmyu u im sit t bu~ 12o,,d an - c u ) d c n m I i n n .St Acute I.oe 1: U.

Acut e Sys t e mi c . In&esmi o n 2; Inhal ation 2. tu 1 u m u ,,! mcd ) , ) , s , , , j  c mur t ’s sm ’ ., t e s  ‘I he I_ i t i s r  mu~,uy l cd,l Ins
Cit ron me t_ ocal: U - mm m ii ui u ,n u n ,u) I bu s’ In ui ney 5 , I i ,u i s i  ag e i , i s _ i  n t I I ,uss ’ lc hi_is
Ch ronic Sys temic: Inge_ itiot u 2 , In h i rulu t i on 2 . l e e r r n~u u s m t e d ‘

Tomiicology: I,usrgc amounts t - s ) s cfl by mmsouth riurmy lu-_ inc I ire I l.ui. uunl IIu’Iet,,me , mi C ’ I r i , u e t  us u I ,  I I .uu i Issr , n l , ~s u u r , u : t e u
Kn i9us or even fatal effects , TIuc syimmp to mm rs ~me V. heir s’ , muu i, u ui u mu ll ~ii uu r: tu mu s msl m ,a h;s i l l ,u is ’i i. u ls , I Ii
diLl inc us . us tudonuitunil c r u mu ps. nou n It ln~ . hrlr_uu md y ci in rheus , ‘a re p a n tu s _ i I .m  I I sdnl~ 5 i i s  i ’ s  l u ,)I ‘n , he. ,1 a t  s It, , In
we ~ ls neus , conv u lcisomm ( and col t - u p s c . Suuu u ut I . re pcci t cd the y  ,, u c lruu u uc u(ul smn um l m , uu , . ,  , s C e s s r s  IS - . i u . , r ~ 5 . )  ,
dosc ~ un ay Icud ItS wea k ness , ge ner a l depr cssuu. nui . head ’ I 5111 s r  n’ I h_ i i _ i , u I ,  tslu d cn_ i ie . us I n i , u  s I , , ,  CsI , CS l ’ . u_sc s h mu,
ache and nienu t url s n m p niunmuue n l .  lm n ’ ,m u dir nmu b s ) ie s l , i .  ii, nu n m l , us t n eu u s , s .m i ,u u ’ , , I i _ i t r _  II

Fire 1 Imszmt m ci: Muaslcn.ste , buy s pulmi t ,,neulus c hc mm ic-a l r eact  mm mi ; s ug J r . lu_ i , u:,s,i t . slit It .n. , sun itt , ut a .t r . s_i ,Iun si -
pna cticnsll y all n~t ma t cs t i me powerful  05 .1 d u g  agen t s suu 1mm muc .1_ mrl . .smmuuiu u ul i  i’ I . I  s ’ ~~’ ’ ’  ~~ ‘ s in ,  I- ., m u ,  - ks . I’ ?
(Sect ion 6), plum ru ss sum c m i  u mu m i my s uh I sic -

Expl osio n Hai.smd: Nutrat e s t isa y es p lode when sh ucke d , C ) umr _ i ics  us cmi r u m s , , )  um ill, s n ’ i r ’I u_ s i u I i te  ruu.m i ~ m m_i ls
ceposcd to heat mum ft.smiie or by spont-.mtico us cl u e ur iu ea l  miiay fr_mi n i Cs p ) I u s i t e rim l u t U t e s . I 1s t  uru,m. s i - , r_e , pnmt .u n-
reaction (See Ulso ett p ltn mmscs , hig h). All t b m c iumlI rgnsflic sian, L1I! ,ui sic , us lien, nimuc ul us uihi ss 1 I ui u n  us cli ,s i  l ien
nit rate , act as osyge ms sum m m u e n  s , under proper cue .? it uris Cult ) tus m u t ihlc su t sst ,gnses C s l ut .  ,l us ,,IuI In 1,_i . . n u  h~uJ u
t hese can give up their mu ’s > ~~~ to t ml he r no _ i:cr l i t ’ s , us ,‘m mu ,hc hrlu~i’,uir_’s mu ?, ur_ ji h_ icc’ iur_ ’s ’ mi spIlku! sm ut I in. ll,l ,ut , c’s’ ru m, , cii
may in turn dcm o n_ imc. I-cr exa u n lml e . put ausuu ut tsr , wi t ) ,  _ smru ill _i,ui,uu ml • ru b u m m ~’, rut cs , I -~ , ,.um, e s c m >  sir,, to e
barium n i t r a t e  a re added t u s dr_,um tule’b’.ssc ps ,mss r_ l c r s for to sh,, I. au’,i Ii is t i n l n  ‘ S ’ S _ i t e m  us us iuu,,!~ ie,l III, best
the purpose o f reducing ll.sst u and re nd e ring fl ue pr_m wd cr nugenm bun Irg bilm ng lime, mmu ~ us ls mug s l m l us m. u ies In tl , r _
more i~ n mt_ ible , A f ut ther use f o r thuese mr a t e  r mud s us to ~~ ~~~ t u e in m ust ty , h?, lat e ,  r ime 51 ’ ,uul J5 u li II it uuug
n u n themn with a sm no luel e rus psuwder am luieb is not c o mn- a g en mu in t h e  i” m mmcm c.i~l u u_i s~ ’Imlt ’ luI,uiluI fl us u)h mu n u ,msu n 15

pletc l y eollcm m mied , for t h e  I’~ 
rpuse tu b gr_ iI ,ni u ns uu u - An lu Inu tru, itcs , Is h lls p) u lmru s , cii- , ) ,  lul l > Sn, I )Idd ,u ,~I s t  hem

ekamuu l u lc of such ci p~ w dei iu “ Ii. C. Powd er .” usc d fur conu hr m.siu hlc sc u hs i.m mi s ,:_ s 1 ?, s-y a re U,CuS un I’) r ,. t r_ ’r _ I s u u ,
Is uami tng bl ink cn urlmid ges and tm_ nd gm’cui. u1les Sr_ mduuuuiu nmu i 5 ) unes , us- , a c isr r u) ’ s nt’zu t m u! .uu m~r I.u,se t ’ i s .’, cm . .1 ,,mt u_iI
and potass ium fl itrnutc mire ~ i r_O used its L’I m~k powder cit hoiuulss 1 I cy  rime al_s u used a s  a um , u m s )-s ’ i ir . i  uuh I ,f nu I . _ su ’
(lie onygems canni er 151 s’a 11 on rt the eonuu bus lmu’zr of the ble exp l us _ s mu es ( ‘ l r l n nmaie ,  a le tuset i su ten - ,luck mum t ime
urtalfun timid (hu e charcoal. 

‘ 
m m iaul u l. le tumre of ~lu Ir _ mr _iie c u p lulu m u e s  1 t ie  r_ ‘ c f c sunsmmttu ’

Ainnmon icuns nitrate has all the pu uupcr ties of the o h h c n ent mm f such clii ex plu ms ss d is It lull (4) i ,u  ‘ s r )  PC red,,) cI mlus ’
nitrates , but is also tiblc l u  dctonatc by j t sc I f u mulct nate. 1 lii’s drum, he I hue d r  I, , m a t e  I’? ,,ruu mu m it mmcl, , s, s ,? smut o r
Certa i n co t t d itiu ,n ,. It is t t u e re Ins n e u Itigli CnlsIO,tui c, polcuss lu umu - 1 he mu) hc r ilu~L n Cml id,lt • in ru • ii mu ill I s t u  me a r c
ahi h m’ m uu gh very inue n _ s it inc to t i ruçuae t anti tl i lbtc u It to d em s _i n ’ euuuu h u ns t uh ul~ nun, ) u r u n ul u , s’,. ir i s  nit) ,uII uc p,rss 2 ru , pu iw -

ate , ln hhm C pure stal e , it rei~umnes a conilmin .ut iOtu of rIO dc r e f  sul Iu. r, ;‘ut tte mcml s- I _ i n ,  l u1  sI r  ‘,.,, ii -I, r i , ,  tun e s cut
in iti ato r and a Ii )gh c x p ls u s tve. I his s.os uut. im ,rs ti o ts us o rguu n is’ nIh len. Nit rum d c u 1 n  .st uses  s r i  lien, n’ne , t,u lu cm,e ,
kimuw n us a uc i nfo rse u l detl lr,ai usr . ,‘smmmm r_,nuul mm im ilra ic u,tuil ill her .1 ru siru It  us ’ S’um i mi 1 sl ,, r. ubs c ur l ’ .uI,o ,iul,tCiJ I’ m ma thin
in co snbin ts t ioms W ith msiIrut c~ ni puuruds (such . p e u hs l ms . as ni.u y bn ridded .ms a dc,c u ’ ,r r , :cr  R e r _ n , r ’, iy .  s u in mul _ i r  t u s i n ’
r i n it ro t o l uc ne ) f o mnmi ~ one o f the tnhmsjor hi~ iu Cs’ Its nc _ s vs e tc  tn_sem i in I u r I l e  1’ , ,i s r _ I t t ,  i lie ,11l I r u m I m i  nsF sni .111

pit us i cs hum m i l i t a ry us e . A m nm o n i usuu m mu itmu ile mu widely n r i r l s , r n i : ss  u~? nirt i  ,‘~ t yu s r i _ i  ~~~~~~ ~~~~~~ ss itl, fl Chu tsmi ,,te
used also as th e eh ief eutnp o nent of ‘‘ uusuuiuunonu per ’ esp luus~sc s .s me uu ,u ,m e Sefl nui - , thai, mmuu , u l crmm lrer) n lusuille
nit iss iblcs .” and of “ a u nu n o nu cu d y n si mumut e s ” ; its ti Con,— espl r _ s In Cs , ault f t buc rc l r l ns  r.s, I . 5  ‘u le  .us Is ,m 51 us d_ ned t hut
pumm e mu t of ntany pyrotechnic tim s ta r ts ;  i~_ iJ mu cent’ (is -c i s  uI, ‘i ll c C’. i), _ s 5 r _  es , sir t lie pd ii) ‘‘s Isle s P1_i S t I s ’

birtal ion with amo s c les s t us mwd cr , as a gr ciu mu la r hI ci ut lug nil s t u n t s  ,s l  c h ,lm,m ,mt C S ~‘I I’’ , u , n ’ _s ( ss i  .1 ,1 In li i~t mus t  rum
cnp h u usav c. It us a rc h a t m el> t a lc brigh t esp h..s u u c us hush , 4 1 > r _ t ’ i s i r )  ,n re uiuumu e us hs,,m ). us ,~uc l u _ s i n s t s l  u ln .,slr _ ‘a cud
how ever , m ust be st o ned i- u  a er _ n.nb . ‘ent m t , m tdJ place . Fr met In, . su r ‘s pi te s uf t lue r. I t s .  u s e r  ru 

~ 
u s _ s c  ii , tbr , l  n I ls~

sw ay f mtuin ac ute fm r e hatan d s amid c. s si i y oxt d ut c d d r y t n  C I r I . l ~ IdC ’s us iii no r .utr. ’,nl y . , ermm m I uu thu, c is c i lu e
materials. An u t u ui m nmu i uu n u i na t e  C r U s t  t us mit be ~o u i ! u r u c d. be- n utr u u g ly s c i s n  5~~ ‘c ‘.pI,~s us ~ s i t , its mm u. kmut u ,s ru, s c r ue s
caus e if a ti re ah moulsl smn.nI , eomul , ru eum me n l can u ,su s c ,Jc t ’ hut 5sC t the rus t  ‘ I t i me u” , s t u u m e .  Il , i i I_ u I  n ht~il at e  is

onuttisun with , en t refl u e hy , isul c nt results , shu p i r ed  .unul s i n ’ i cd  cl s i u i ,  ‘.i~ r’, bo~ t’, bannu1,, o m le g s
Disaster It u ,rci rd : Daui~ cr s ’ a us , cl im e to fine and c us ph u sr o n - Ii s l , , r , l J  br u te t s s l_ i ic u i  _ s t u ’ i . I 1ne mi . eo~sl . ‘. e ,uit l .utcd

hazard. On dcco rt iç mos iti m ’ mn they C n um t  (Q ’ . id Ic l umu cs 1 Ire > plase . .mss uy f ni umui . i eU t c  I r e  .~ . st c l ’ s  a ni s i s h u u i , i u l  ru_i l he
are power ful uc iduz in g s ugen t s wlt m c h may uaa _ s ’ ui,I Icmt t  st u urc d i55 t b l c  s u n l i t  huul ,t ’ us ulh sr l ,uubn u nsth is lc  mm m, , le r r . u I s ,
rea ,t ion w ith reducing nrumc r i _ i?s ,  Nul r ut te s shuuutd bc ac ids , su l f uur , p1m ustie rcr_I isr lg ne u - usu  sin ~‘,mus detcd
protected carefully as d ise s maled in sleuutil in Scs-c tm u um t 7. a l u m i uuu ’ umm s I s u r Ip lds d l  r_ I,!,,’,ulcs ttusi ut in tIm e es l u l uss luc

(‘o ’j nsb ,mnm aa.smmes uuuu hsu s u m y . ~ uuub u l b’c ~.‘i a ouni s hot aie , s .d  i iu mu s-hhor a IC
Vlus ti t a t io n (2 t unl rol: Se~(lomi 2. uit i ci b. , m i u mu s  sh tu m r ,u t c ,
P.n,on .I Ilyiha nc. Section ). I) is. s st er I I sius mm l M s s r h ’ r u s t e , s irnus I. w il l  espl muu ?c t h me m r m , ssl,en
Stu naj i and I la u d1 ing : Sect l~n 7. It  at cub tr u ilet,,us,i ‘ us _ sum u.sn . i I ’ s i y  t uS Ii liii ut  m . ’uu. lu  s r mts
Str s ; i p r l ij  Reg ul ations : S et ion I I  - si r : ’ 1  ci p hus b e , sami  r e a s t  us mi h u m s’dus- m n g  r l , , , i en r , n l s

I C C. - ()n udiz ing mm ,s t lni .s h . y c l lul. label . 100 psu u s uu ls ( us j u i t s ru m u ,  , ss s , i . - .
Cmrsusi Guard Cluras iflea ti u t u’ On id isu ng ‘mu t e r u _ i l  I’ e n s , s n n  .11 i i’ ,. . ._i~~ S:r_ I mu m, 3
I ti.’IA. Osm s lmiu u ug m aterial , ye l low I~hcI , 12 kmI , , g r cuuu.a Stsmrag c .mm.I I ) , ur us l hu ‘g Ssu u . m n  ‘7

(p,ssucngc r), 45 Itu lu g ranr u (sia rg o ) . Shl~l) nIig Its ,:,r t  i ) l i l lus S r _ i u u  ., I I
I ( I Os,uliiiru g mmm ,u m eu t .u l ;  y~~l’ ,ss u h , u tu c l , 1) ’ r p i s t s ls
l U ’ S  ( is, . l u ,nrrg m o_ i t e rua h , yei I . mw 1,11-c l. 12 l ru , ’gr.m m u ms -

t p - t s scu ~s t ci I. 4 t’ I. m I r_u gi .1,11, (s,s m go)
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APPENDIX II ( C o n t.d . )

ADDITIONAL SAFETY DA’11A ON CO~’1POUNDS LISTED IN TABL E VI

~~J IRt T~~S - —
II- i- rd ‘S it m Iss ’ 

A 1’E’slONIU\I ‘II IIO( ‘
~
‘ -‘S”~~~

’( ’~~
.

loxic lhnu inu u d Rating ’ ~~~~ u’ma nlutu t t_ it , , ,n

Acute hocal- I,), S> nmlruy lIt. Ant Burn mu in suIfciey- .m n ;stC ,
Acute Sysuern ui : :  Ingestion 3; Inlu:ult u tio n 3 , Ds”sc rtp t io ru : Co l r_s nls’ss so lid.

Ch rem i ic L.oc.il U. Fo mn iula: NII ,S(’N,

(‘lunonic Syutermi uic: Iuigcstim iru I; ln:h ,n), it i - iu  
Ceuns

;~~~s.~~~1
1

t 
~ >

n
~ 

Th .l . m~ 149.6’ c, b~. micrco:rt poucs ‘at

1o~icsuhogy : L’arge tmnlsmunts tnu ), cuu tsy u umou th s t ir :my pnm idt uee I Iazard An alu s is 
-

fl nt usc ,i , s mut mu it ing, c y n i u l u ,_ s  is (slue is i  ruuetbuenlu:’ Isilinmi I’~ux he it,’ : A 1mm’ r bicide - S r_ c tbt isic’. m ate ’ .
bornm tmtion) cmr llnt p_se rind c onu.m. Repe: ut etl st r~ s ll tlsiue _s Dka_ s ir_-r hl, m ,_ i rd- Sec tl u is ucu ana jes
cau se a bill i uu tmltrod pressu re . mnspud r ise , headache ii,,’.! (‘ts unt em nn eci s u me s
v is ual c h is tur b n u ctces. Smulr.ige rind I l,iitj li,iu’: S,- s ui ,_imt 7

Firs t ’  Ilnic ard : Details un k ns s ssn, T l r ey arc g en er a l l y posu ’tr -
f ul ox id ice rs . In contact us ill, read I> uu’sInil/dd nu l: m (e rs ni l’s ,
a v iol eusl react i on su ch as .r lire or exp Ir_ u smo n i tim:,) en-
sue, 

‘ -
I np losion IIa,ard: I)etruils unt ,mrosun, Orgnuns e nIt r i te s tiuay

dcets nuupose u’ ittle nnlv.
Di’s:,stcr I I~,,ard: D;uirgerous ; shock nu:uy exp lode ttueni;

w hen heated tr_ i deeotnposit ir_’n. they ern ut lulgl ul y temsuc
f uu : - cm 01 ox ides of r, it r m?,cn; can react s ig mrou Iy su’ itlu
reducing nu : u t e ri a ls. 1’ IllO(’\ \~~ ‘S ’ I FS

(o unts ’r uuuen ,s urc . 
‘ IIr~~

-,unch ,\,m ,,ls~ i,
‘S entml at ion Coat  rot: Se ctmom i 2. - To x ic i t y :  ‘ S a n  i.i s~c Tb icy m n  l t d _ s  arc n u t  n- c s :  u:i rI t ! ns s ,s ’

I ro tec t ton:  Section ~~, dated i c r t , , cs . :nmn lc , t hey h:us’ e a b u m  a~ L n e  Iussncut) -
First Aid: Sectu on l ,  

- Prolonged ,r l~~ ,r tpt i i . I t l , , , i y  p~~du cc  S .i t i ,l t ls  skin crup-
Sturnuge ‘and llnu tidnu utg : Section 7, ions . rinfu ti -c r,s.e . and s’ .’e _ i _ s n c l n .u lm)  r_! n, ’ / I n r c s s , crau1lp~. -

n aU s e .m , 5 , _ i t : , , . :: t u r d  mild or s_ us ’ rn ch n _ s t c i r lm :s n e c_ s of
the cc i s n - c r _  ‘ .) _s lCIf l

Disaste r II, ,,,, .1 I )ntm lge rmt us; us hen h~,nted to d ecs ’ sr r l p s ’ ss i -  -

t ion on em d n t  .Im’t us ithu acid or .‘m5m nI Irunrnu’s . lire) me n it -
tu ghl> t s r . ’ l nsn : tn ” s nif cy afl i r_ hur S ,

(‘ds U ii t cm its t’ nms U r c’s
Storag e and Ila ns!Iu:r : t ’  Section ? .

A %,1\1ONII “SI (‘I 11 .01)11)1:
~ i~nt’ raI h i1  mimt nu ntlim ,mm
Synu inytu s : S:sl alhilulonia,
Descri ption: ‘S’s’hu it e c ry ’ st nm lc.

Fminmn ulnu: N I  l ,Cl. 
—(‘ o nst.mnt s: Mel us t ,  53~~0, mp: )20’ C, l’p: 331~s (~.

ml : 1.520 , s ip , pr ess.~ : I mmli at I t4i.4’C (sulr lunres) .
l i amru rd ,% n.ulnmsis
To-tic ll.t,arml R.ding:

Acute Local: I rri m ,u nt I; lmrg es t is un I; In h r :ulni t utun I.

‘a .\euie Syslenmic: U.
(I, mon k I .oen ml , Ir r italut I,
Chronic Sys t e u n ic:  Iuug cs bi ,ai I,

lou ict ulsig y: ,‘S s u l m st nun c c mmu igr.mt rsg to fm_s o il Fromru p uckrlg imm g -

nu mt c ri n u ls . I -c u rgut do~cs c’aUue n _ i S _ s m ’ s . %Oillli us ?, and -

-
~ 

‘ acisl~ sic ,
Ct mmu mulem n uea st ,r cs
‘Se nti lnut is u n Cou ut rs’rI: Sectio n?
Pc nso n.m l Ily g iene: Su’s t io r i 3.

— 6 1 —

7O”tI(’ I/I’ IRt R t r u s s ,  ‘ cltmF 1?.- . .5-I. - ’ . , m J , s , ’ .mui, ’s . m~~ ‘..umi ,sml,i

0 ISONi I - I  ti..sti.m, fl , s. .5 1i , l I I n, ’ ,’. i , I ’ s u ,)1~) ) I _ i i5 ’ i i ,’ i,I’slI ui nutnr u.n- 2 ?rtn i’I 1) 511 ‘Sb,st u_i s u i ’  1 :1, m~~u . n i , I ’ , ,s~’ ,l u r . C i s r ’ ! m

S,U,.t ,I.fl ’I r l l f l s s . ,’ l’ hCt  . h u t r n s n 1’ l’.. ’ - - çc m um , I , r r r c , .  ‘DI ’ r . u , ,n ,sc , I u j i m , , p C m m ] f l t f l m r _s n~ r u

t ) t ( s t t  S i ’ s  c_ian dr.ml)u sO pnlius .m f lef l i  ‘“n ” ’  miu t 1 1 t 1 > ’ ’ ’ ’ ’  r C5~~s5.U~ C

I St 11.111 C ,ulu,t, m u ,  1,I~ m n s r m s s ’s~s tbs s ,mnu. sbs ’,), 11,l_i t’t’n,’l ‘lIe, enub i’~ I I  I II  
~iI u ’ I , i s C ,

U t \ k\ O s x s~~s t m n m t ~n n h r n n c mn d a b J b ,aathOV I ,i~4
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APPENDIX II (Cont’d.)

ADDITIONJ , SAFETY D2hTA ON COMPOUNDS LISTED lU TABLE VI

l ’ t ) l  %S~ b l  ‘ ‘SI Ot t  I I  01)11)1’ -
A”S12s!O Nlt 7.1 hilF ’ l . IMRIIS F i”•”- - I I  I r lam , I

~~~~~t’r.i h IIu1 or i im , u~~oli 
— 

Sn n . m  nm _ s . I1uI n , i ss r nnr aeud fl uu mnid s’: I ndltry ’s s u i t ..Sy nunnynr : Anu,tm e,s r uuu m us hy drmi rren f l n n - c , r , - c ! c  I 
h) . ‘.1 i”t I I  C ol n , t i cs _ s  ~r)s t, u ls, :Descr ip t ion .  ‘S\’hn i ecn y s m. : l u  
Fn i m , r r t n l_i K Il L . .I’s,m m rrru la: N ll~ I- I i t  . 
Ctunst ,it u t :  Slo t su m - 7_i. . I)), nil,: d~ eu ’n it p ni_ ss’s -Ct stns i ,ipts,  Fr_ luml sv t , 5’1.O5 ,d: 1.21 rut I? C / I ?  C 11i. lnt :, n I, 
Ilnsi nsr d ,‘ Sutn u lu si s .IrI J (‘ tue t en m uts ’.islnme’ .h _c ard ,t f l ts l)s,s 
See I i I n u s r ~ ,ls’ s ,‘losic i ty ’  Sr_ c h i nnnmru n l r _ _ s 

- Shi p1ninmr ke’s uI, n t i r _ i_ i ’ s  Sect ion I t .ll r _ s ,’ _s t r _ i  Il,u,nsrd 5mm Puonudes . 
l \  I - c ’ S  (s r I , ? )  f’ ur : , r_m a It , I_s 11i~~Irl l,ube l. 7~ ui,~~r, nan _ sC mu tlnitmo m u ue a s ts ru ’s 

‘ (pas su_’nste r), 0 C 11 1cm -i n - c t _ s  (c.l i; ’Stor ag e nmnch l l . s m n s i i s n r : ’ Scdt tn i 7 . 
(soluiis,u u s ) :  C c ’ s n i , ’ _ s n s e  hlnlriiul , uul uile I.nl ci , I 1, 1(1I ‘S I’ ‘S 0th,. r r t I n  u 1 rs m I cI 1) m t .  I n  I r r_1u in tI 

(~~ 
5 1 I) 0 lii u’ (s rio)flO lirnut (p:s ’ ”n i r lt t ’ d l ) ,  no l h t t l u i  ( . t rds s)

SOl )f ( ’’S l  I) l F I f’ c t R b O F:
(~

‘hit ’ rni l Is,Iu, rm m ,.m t ilunt -
I)c’ _’r i piro’i : ‘SVhr te Imom ude r,
I- oruniula: uNnmF - Ill-’,
II ns,nsrd ,%tl.slu s is , ttd ( tsU u , t en  il is’as t mre s
Sec Ilusorimies and lu> ihr cut?nus_i,i~ acid, -

SO I) IU\I 1) 1- II ’ S DROKI -,”’i o~Al )Sl c N,’S’ I E
C u-mueral Itlfmln m m,nuli,sus -
Dcncr i rt i r_r n: Rhoirihlm r_n _i nlonoct )uie .co !o n less c r r ’ l ,s l s , 

I I ’ S  l ) l s ) I- ’ l ~ InI l i l ’ k( II)I:msrntu la: NalI,m ’SnO,- Il -c O. 
~‘Ti,sT i’i~iomin : ,ut~enConntn snts : Slob us t ,  l~ l,’)4 , tri p: — l I t )  at  1 1 1 1  130 ’C , S’ . ,  r c y i ’ - c _ s  l lm ,1 ’, c r _ n  ‘ , n ’ s r n ,Ic , t ’ nc’ r I :ys ’mic tc ir_ h .

hp. decout ipos e_s nI 20Ct 2S0 C.d. 2.51 1, - c r  m i ’ t : - c s n n ’ ( ‘ I c - c r . ~‘r_ iL u u l c _ s _ s, Inlell iOt c u ru n ,  m r _ c  ti qu . 1  or ~‘ m ’ s ,II rm ,rs rd AmuaI ~ si’. a,m,I Cul uh u , t ern lea sur es h r _ t i m  - nn ’,.I III ’.
Sec nunscnicconnpcunds. r ( u’ :n ’t ,n’ nt s :  futol ‘ a t :  2001 ,  nsp: .97 3’(’ hp 19, 4 ’C . -

:I d: 0.921 g, ’ l - c : c n  (~: .n _ s ), O , 0 s 7  (t u q uid ), sap. p i e s ’ .  ..i n: ~
.51 7. 5’ C’

i l .si ,,nul siuu m , u lu si’I I t ’O R l l ) F ’S h r _ ru i e IK,,a rr_ l Rali_irt ’
1T,t,ard Analysis 

— 

- ,\dluie 1 nc_il :  l i m i t s _ i t  ~: l;in’ n_ s t l u n t i  1, hil l,,ulntt im ’flTon ic hIa,.urd R.mting : 
- A c u t e  S y s t u n m : i e  l”.” c mt ~, m r  i, lnlm ,u !a i lsmuu 3,

Acute l oca l: I r r i tant  3; lngr_’_ sl usa 4 , lnn! , .n l -s I  5I ~~-c Ch ns’snic l s i~~.I It r ( i_int l  2
Ac ute Sy -st e umn ic. b - c i ; ’esr iomi ~ (_ ‘ bu m s n nic S\s t I :c ’, m C ,  l _ iu ’ r ’ ’ t t r . n  I rnh, ui . m t m . .’s 7Chronic l ocal: I m r u u. , ,ttt I. 

, 1I. V: A(’(~ lt l  ( :ccs i r r t : :ne: ,1 ’cr_I) . 1 p, m t t s  I’er  i ’ r i ! I i ’ ’ n  :1 a s r ,
(.‘bur tmakS y ’s teru i ic :  l nn : ’u’_ s :u , ’:; 3; l um lm , u ia tus mn ~ 2 nc II ’ t ens ;‘ r_’ m ~uhis’ rnctem’ Cut i l C1K V . AC ( . lh I  (nce - n n n t . ’,i:dr_d ; .  2 .5 l , u u ) I : . ’ r , l n I r u  ic r  c ut snc ts_ sxic u nlr_ ’gy : It is e u t r s ’ur ir i > im n , t , I t ~~-c n’, nui nu I C ’ I t  , . u I r d  to the

mete, sf air. 
- s h u n m,:’ l i tu m ,‘ neJS ur : d , m i m.,: au ’ s h , , l m .m I s t n , ’ r I 1 t ne u . ;cr

bosnm _ ui t.m 5 ’y ’ : I , : . n m l ’ ,m m ’ m _  hlusm nille’. ru n e t ’e i ts ’ m . n i i  m , ’ ) u l ur- iri s) m . m n n _ s r _’ t’~ . _r_ ’ r s  r_ m t t I c  u. r~~
’ r mm ’s ’,’, mt .: t r , i r _ t  (.s_ -_i -

n s t m s n t  r : n r _l tm _ s I c  -‘Se nIle dl i_ int - m c _ s u l t n c ?  0,51,1 e u p _ s _ s u I r e  t Im ccr , t r . Iln, ’i’,u ,~~ t’~
) isl ?s 0 l’~1-c m  . r c  u l m i  , 1 :ens ’’ ‘, dudu l  1,’c

fluo rine cu5 rrip r_m ut tu l, are (butt ’ to l - c y l i r r .:,’ mt I’ s s r n dc  brief cS ru I _ ’ s r e _ s  lly drsuh’,ur s nuc ,ns ,n u h ~~~~~~~~~ s r _ m e re
Chronuc fl m u,iui ne )‘- r m n_su I l r m :I1: , or ‘ ‘ i i _ iu i t l l ’ n - , 0ssu~s skin burr, ’. s l ) r ic h  .5VC S 1Ismu u t  l idnu l l sm g I I’r_ ’ ni’ : 1_ ic -us
among mn irsr _’ ns of s : y m I h : c . ‘ n  .1 ~O n s u _ sis ,mI .u sc ,s t os imi  

~ t iss unc ’ . nra> he ,n1~ r_miu ’J , hcsr n cc t i n n ,’ lIl.rlt sil: u’ ,!.’ :, d
‘ of t I re bo,iss , C, ’  ‘-oI I’ , l . _ s , n t n u m ,u s’ l Ibe u,iI. ’, : ,  r h the Its ’ ., (‘s, I n u c n s ’’ -_i ~b t he ‘a I i dd tCs l  a t e_ i s  mn r , u > 1u,Lu a See ,,Iso

f luorine. 1 1 5 c c  i . ’. .~ Is ’ l  ss i l I r l t ’  l’ s !’ ml ‘ . - ‘ m e n  m l Ihst ’ i rnr ’ :ur _I e s It i _s  ‘a cce : nt i n f l - c u l t  s u n n l t , i u i m n l l ,n,i t  ( S c r _ t i c n  1)
1n 1 : . m i , n s ’r it s , I Ii mn ’ r ’ : ) u Ire mmllmtt ldl l . ;‘ r,nl t 1 r_ ’ m d  us I)is ,msten II mt ,s rd , I) ‘ ‘ c i ,  es , us lru ’n b , u’ . r t , ’s t , ii u n t i l 5  1- c ‘:1>(i_st ,‘u’.c l e t s i - ,’,’. ,: n n r I  st s tsui l ,I l  ,‘ m m  I he i n ,  u.n , I I i - : su’r i m m ’ . j l s,’ 1, ::cu m l  P.n , i r r , ’.’ s , su s ll rc.,Ct suulh mu s t e r  sIr
ltru ’fl t lItn , c l I , I ’ s r_ u i_s tine , I c n m n I I e _ s t r , h l ’ ! I :  I-> 5 ely. 5 ’ .’ ‘ I i i)  l’ l._ . n r s ’ t I c _ id c , ’ , m u s i % e  I m I n I s ’F_ os _ s of uu r_— I ,:!’ n - _ ir ’. (s t s ’’ s i,t , tiute nui:,. us , _ s : i :’. r: nsu id ‘ ,n n l r m b I t 5 I 5 l ’~ ’ thrd s

c ,ehues ,a . s_i,  I ! nt . i l  t1~ 1est ’ . nIne , i n c I I f l .’ r , , 5 ’ ’ ,i’, - c u l i i r ’fl ‘ S e t n t s l . , m n , m n n (  i ’ s : - ,,-) I_s r _ t ’ ’ n t  ‘,
I’utls lmiig ’. sn u d im nr_ mrw ’ lim m n n r , , m c  g u n ’ s ’  c i ’  I III - m ire I’e r . e r ’ n ’ h I t n,.:,, a : “ 13,
liii s’nnsln r - c r p IlIII .u . nmr id iur t lr .mi nirm en t ,mb t ’ m - ” ~~li m c  you ng , I l u _ s i  , \ i , I S_i s  : ,~-n I
sss .s n l r_ e rs . S : nm n , -) ’ e . i_i u I I I’ ’  -~ n i  S -c 5 t n ’ ’ n 7,

( luganie l 1 c _ i r s d c _ s  ri ce general l y- 1 _ s _ s  t , r s r _ .  th,nn e t he r  ‘ 55. :P i ’ i I ’ Rr ’ ’ r _ l i ’ ‘i’ s ,S ’, t n , a 
IIn ,  ui lu> ~r mn b mi’. I C  C ( I n I s  ml dp i

( c umu l I  1 5  n 1 (5 t i  mu I) C u  I C tn i iu i  CI  I t mu ( nr u_ tnqn. I sc bu,te
Diet_ st er  h I s ,  r b  I ’ s _ i n - _i n mint ’ s , ‘a ) i,i~ h _ i i r_n !  t I~~uIu’ m . .r p,’ _ s t ’  l. s b - ,- l ,  

, I - -

Iuu m. hl y t  
~ i, 

,
r t usn In m l  r I m l  c u r t  r i I 

~~
<
I 

lll~ 1 
• ‘ab le I s  ~l I Ii I r)

,,m mn bm ’t ’mt ’ .ssu , us ’s S l - e r s  (m ’.,:~’ ‘1
~~I I I l l i  In , ’ ,  ( s I l I t n I l  I S_s r_’ t I _ i l u  7,
I’Cus l lf ln id l I’ t , - : n - - - - c  - a Su’m. t s u s n  1.
I mr _ s t  An - c l S r s t m , ’ , n I
5’ - ’’ ‘ n _ si’ .ir Il l  - ‘ n ’ S, i , , nnr 7,
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APPENJ)IX II.(Conttd.)

-
: ADDITIONAL SAFETY DATA ON COMPOUNDS LISTED IN TABLE VI

C ‘~~ A N A ’%IIl )F
(.eiwr aI Iu ilr , rn matiu uu u ( t \ - ’ S i ’ S I l S
Synonymu’_s: Cartuodiinitidc; e> anogs’m r m nmide. ( s-nt- in st lit ’ ’ m u ’ s
Descri ption: Del quit_ scent Cry stal’.. 1-oririula . S:ulis s u f u_is: iI me ntcid -

Fonmusula : IINCNII. lIa r_ int l . ‘ S , u. ub ss is
Const nm nts : Mel sut: 42.05, rrl~i: 42’C. bp: 2&O’C’. hi.s_ sh Tox ic Il , i ,amub R.uliiig.

285’F. d: 1.0 13, sa p. d .: 1. -IS, 
‘ 

Am-mute I - sc . ’ I  lir i ia’nt 3: Inges t i uun 3.

Ila’,rsr d ,t nti Iy s is Acute S. _ s t e muui c:  luur e_ stio mi 3.
Tox ic Ilacard Ratimig: ‘ (, hm s - t ume F_ su e, m i lr nui , ,nt I.

Acute l.oczil. U ( b n t r _ s’n c Sys t s ’ uimmc Ingestion I.
Acute Systemic: Ingestion 2; lnh:hlat immn 2. T umsiemct n r;:s ()s. u I:itc~ rime dt t nr u l s i l d  .,luld p n u ’dm m~ c b c.,1 t I n t . ’ ’

Chromuic local: LI . lio n - ‘S’s hI cur l.s I cr1 by unout 1 s t  lIe> Ii ts e a caust ic c IidCt c_ i

* Chronic Systemic: Ingestion I; Inhi :m l.mtie’ui I. , t i m ’ .’ t riou lI lu . r_’’.cs l.Il:l::mn ’ s mund st,iiuu.meh I buc s u , lum bs ic m.u\.i ),utc , 
-

1oxicoh umgy; Doe’s not contain Free cy,unide . Cat u_ s e,  it) ’ ar c  rc ;sdlI ,u ‘lu _ sms n l’ m’d fro m the g.lstn um . u n t d _ s l u I a l  tt ,t’.I

crease in resp irat ir_ In rind pulse rate . lm,’ .ue rs’d i’tur e_ ih and c.un e .sn: ’ se ‘s c u e l c  d. uuts,m ’e t r_’ the kidne ys . , I
pressu re auth tliczinens . l’hcrc nray be a flushed ap- Iss - c u_ ste r lt a , .mu,b I) .,rn ”enotus: sshcn l,e.uied t s m tlm’es’.rn nm)_s i ’

pearr mnce of the f_ icc , t ion. t iuc> cur l i t, m _s Ic (times,
Fire Ita urnm rd: Slight . ‘ahen exposed to h eat  or fla;ne, (o U t mt s ’m i m u ;I_ sIm res

- _ I’c n _ s - ,mr , neb b’ u u s tcsh i r _ m n: Sccl iuln 3,
Disaster bIni,:ird: Moderatel y da ngerous: svhcn he ,tted to ‘S’ent il. i) is .in ( u’ :nt n ,r l .  Sec ’ui n ) t c 2.

deeo mpositiusn or on contact usith acid or ac id fume’.. St r_ im c - c~ and II ,t rnh liur_ i : Section 7.
it ent its tu ,5iL luiries.

(‘oumut enu mi en i sur e_s
Ventil ation Control: Section 2.
To Fight Fire: Carbon dioxide , dry chemical or carbn,n

te t rach tss n ide (Section (u).

Personal llygi s r mu e : Section 3.
Storage and lOunulling: Scctionm 7~
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APPEN DIX III

SUMNARY OF THERMODYt5JANIC CONSTANTS USED IN EXPANSION
COOLING CALCULATIONS OF SECTION 2.4.2

Substance Ci,, Gamma
_______________  

(cal/dog mole at 25°C) 
____________

Nitrogen 4.95 1.40

Carbon dioxide 6.92 1.27

Ammonia 6.57 1.31

Freon—21 11.898 1.180
at 16°C

m) -
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APPENDIX ~~

MATERIALS FOR AMMONIA

H . H .  Uhlig, The Corrosion Handbook, The E 1cc~ ro-
chemical Soci’~~y, Inc .., New York , 1948 , p. 7’~~.

TAili,s: Li. _ i’sMMONt.~ (;LOUI’

‘1 u;’-~ rmf jfa!.ri,ml

(See p. 7.71 (or numt ,~~group_i ‘I frtribier el, I - cut l - c ,  of s ocinprl,Ii i s - i s . )

1. Al :uuud A l— ht :u-c-e Alloy_ i 10. Nick s-I ) II. SIu I,’ ,’i-
2. Irotu tum id Sttn ’ l ‘ i t ,  Ni’Ci- .- F’e All ,m~ 20. N,,tulm’ \ l s ’t rm l ,  rmni ul
3. High—Si Cts_,i. i r (,mi. ’m 12- Xi -(’ ii AlLuy,m (>TaI’~ ‘l’n , r , r ,ul e ’ - c u
4. I l i gim-Ni Catul Irt ,.t u_i Nm) 21, Mgatull 7_ s t ;;-1t .i.._s ’ ,\lt’s:,’_s

(,. 4 tu , >0% Chum’o mus ’iutsi Steel_ i >3. Nu— is llu ’— F’ u_i— ((’i) AIIi,y -cn 22, ( I s ’ m a t - c n  c 7uI , uts ’ ~ l u l l

6. S’t:ui !r he’ .,s Sre-s-i ’s 1-1_ N i— ( t i’—Cm t .7ul mu Al l ’’.’ 2~~. ( It ’ luuui l  nu , I i  ( r,u1 ,i,i:,a
(Mm_ srt .’ m u_ iui is:) - 15. Nt’Sj ,‘Sllol 2-I , l ’ t n i _ i t i s - ’u

7. ’St tuium ’,s- c’-cs,m Stm .’s l  (L”uru’ritie) 16. (‘u’X i u’slkm,yin (> mi)% 2.”.. l! , u i , lm- r  a t - r h  i’t’ crs i lu..t i,’
S. Sbn_ sir ule,’,’u S t u d - c u  (n~~itim t m’t mit ’ir) Cu) J -i- 1_ st ‘:in” : _ i

~ ~~~~~ 
11h l”s’—Cr—Ni .,‘SIluuymu 17. (‘um r,u u,l (‘uu— l’s :n ’ss _ i ,‘ulllm;. ’s

(Aimutetuit ~m’) 15. ).m.’nu,I

,‘Stlmiuull l l i t l  mInI -

?‘Smuuil i lu t l i l i iuu hsy ’ul r (uxis t e , ( l : um_i ~‘i, ‘.lruIs’i ’m- cul, _ i ( l.ni’ _i 1; 7r_ 1 :ut cu i , uls (‘I., C? S l : s l , n u  2_ i
.,‘Smimmmuni ,i .I Li1 1miuriu

(‘n i t u m  i~~’’’.’~ ’I listsuid 1; 2; 3.5 , Ii; ‘ill, C; 5; 6~ Lx; 12; I s ’ ;  )~~
‘

rin d i’ -’ .  (Nimir ’ 1) 7; S;9 (Nnm rs ’ 1); 10; ii;
tuiihydrrutus 13.x , ‘am , 0; 11,,. ; t iu; Ls;

III (Not u’ 2): :05 .,., ii , e’;
- - 21; 2:t x , mu , c. mu

Mm ,i- ’t _s ’ : ipom_ i I; ‘lli , ~ tsp I’m 7~i’ (‘ 2; 3.x , in; I’ ; 1’; 7; lu’ ’, u - 
~~t , m u f ;  t)i ; 12; 1.’ ; I n s ;

Amm u uuiou i i )ul ui hiy’tlr s ’ssi s ls’ ~1ii0~ 1”) ; _ s ;  II, ii; iN’ . i l s I, ’ . ’ ,’ 7t l~ C (1(1 m m I”) I m’ Fl , ( \, ,t ’ , ’ 2 ) ;  2-I s
L’I.t ; 20._s . mm , c; ?t ; 2~ ,u . till t I, h u , t ~ . II) (Note ’J); d us t, :5 ’ 0 (‘55’ . 1’ )

mu , c , m u ;  2- lu’ , mu mu p t r s  24ii cit I r s - . n n l  (m mm l , .  m s i t l u  iq. t ’~ I t ’ , : nut mill
h.p. 24 ut Zulu , ! t~hI Type lu’n’st .me -c S ~~ r . with u-er, .

25 rn t s tm ’ t i : uh_ i  mu1, to ua mu t r u t ,  ‘I r_i’:u- !’’. 2b n t
,7’m’~ C ( t.’ull ’ 1’) m I ss _s ’ , t n ) ’. C (‘_s

~ .’ 1-’).

At i ut uuo m m i i t m n m acb orn _ is - ( mu t t m ’ usu’u .~I. Ill,’ rnut ’ing_ i fo r : uu l u t sn . ’ ’:. ‘ t n , ,  hivduoxi ,lu ’ m t s ’,.Is I,. , s ’ . All t :::nl,-’

AtiltiiOtiulinl’I )lhmui _ it l)u nmit ’ n’i:ul._i ss’h~m’Ii tnr ,‘ (:l .n’.~ A or (‘I , , — .’. C w ith 11m m , m u I u I I ’ .s ,  1. _ s ‘ I r s s ’od,’ ru t s’
(tribammie ) sitmli lrmrby i- ms t u ’  1 sy it h ntrlui t l l  of r i, ’’s ’-c mm - c u t,m, \ I - u~ , i uI .n ‘selm k-cIt nrc

(.,‘bmt_imi It _s c i t lm ruu m it mu c s nuii t rf l u hi~ - nl u ’m s s i,l,’ tnr ’is- lOin ;‘ :u, Ii (‘ku..r_ ,‘S _ su ’ut ’i
, ;m’ .Itu ti r u i m _i  of thr ,’.’mi’ m alt,,.

_I’Sil’unl uum mi : t  lie1, , ‘ n - u ,‘I.II r m u n u tu ’ u i , c i_ i  sc hm i i ’iu ~ t e  Chum’. (‘ w i t h  t u m i , m r c s I m u i n m m u u  hlyll rul\i.I,’ tire C Int—- ,

(nm’sixturs”t of t nt i ’ mumu’ ~ (7 _ s v ir l m t ut , itul , l i , u.n Iim t uts , r ,m . TI,e ‘s tursm l  It r:utillt;nm f r:’ t m t i l t i u u , t l i u u m u i

nuinutm u hymlro.x iuhi’, m m mi i— 1dm’ aiim1 tm i l mr l , m’ tui ) un n em u i ls  will iu ’ ru ’ u i i y  tuplrl> ui ‘ss , lu nut (buy ~nb~otuhd h’n
- 
, 

tuuoi,murmu m:uI nn, r umust  u,seul c tt mut ~‘ ‘ s c .ly ’ tlu’imet iuhirug Ct ~~~~ 
Il_ i mulhs’ r Cu ‘III I” ‘ u - ce  LIt I.

cut bier (‘t~tii1Ii ‘I l5’tmtml )

l’rs-fm’ , ’t st sl y ’ (‘ml- frm ,’m’ gr:uuln.
f (‘s t — F m-mr  ir:’.:
j\ ’m m , ’ t All il’s,’ u :u t k mnt _ i  ii, m i m i -  q ubnlt ’ nm ,, ’ Is ,m ,‘.l ,s ts  t i - i s  — i m i r n p t i ’ ’ ’u t l s : u t  h un’ t , . i : m t r . . r , u tn n r , ’ 1-.

1,1 1,1 ’ . ’ .’ that ml sr_ I,,, Is ii .,“ , , m -  i _ m u . , , ,  i f  t i n ’ ’  ;_ i ’ .  tu mu ,l  c , i t c i , I i ’ ,  t ‘1 i i , - - m u m - t a b  s um - n’ l nr.

A -b’ .7. Sit u’ m ’r nu l l _ s - n  i s s c n t ik i u m : u ’ s ) s l .’’.’ turm’ ui_sr_ i’m -u (‘I u- _ n (,t , (‘hir,. . iIs,’r n i - S .  l I r e  t I ’ .

tumid ou r— lu ’ .”’ ti ll c, ’ ,- iu , 5~,l.Ltj u,tu’ .  ‘m u’,’11. I - u i  i-n f i t , t - iu- b ’ ’ l l  ‘s I ; n . r , s i n — ! ’ ,’ by u,’r :u i - - mb r_’ u u ! c u t s r s : , ”  ruti lI I n ’

I,, st m u m . ) ‘.~ vrt puur_ i .

Class A: Suitable for critical parts where very little
dimensional change can be tolerated.

Class B: Common use for non—critical parts where some
corrosion can be tolerated.

Class C: Not ordinarily considered suitable.
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