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"SCREENING STUDY TO IDENTIFY PHASE CHANGE
| COOLANTS FOR PORTABLE LIFE SUPPORT SYSTEMS"

{ 1.0 SUMMARY

1l.1 Program Objective

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

! ‘ identify nontoxic, nonflammable compounds or mix-
] P 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)

f 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

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

(4) one non-phase change process with one
compound

(5) a non-phase process({es) combined with a
phase change for one or more compounds.

Principal Results and Recommendations

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 absorptlon for this process is 153.0 Kcal/kg.
To achieve 504 Kcal (2000 Btu) of cooling, 3.3 Kg.
(7.3 1lbs) 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% 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 1bs) 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
-15 to 5°C, this system yields 121 Kcal/kg.To achieve
504 Kcal (2000 Btu) of cooling, 4.12Kg (9.2 1lbs) of
total coolant is needed. This is a 45% improvement

PO —————




over the ice alone system, or a 31% reduction in
the weight of ice needed. The salt will decompose
about 225°C . With decomposition or acids, texic
fumes result. Otherwise, tne logistics of the
system appear reasonable.

2.0 EXPANDED DISCUSSION OF RESULTS

B A

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-
bility 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,
like 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 ammonia(3a) 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 to the uncom-
moness of solid ammonia and its anticipated logistical
problems, it was not considered further.

-




252 Cooling Obtained From Heat of Vaporization 5

Twenty~-three compounds were found having heats of §
vaporization fitting the desired cooling criteria. |
Of the 23, only five could, with reservation, be |
considered further. 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.

E Of the five compounds, ammonia and/or methanol com-
bined with carbon dioxide were the most attractive
coolant combinations.

* 2.1.3 Cooling Cbtained From Heat of Sublimation 7

A few orcganic compounds, listed in Table II, had

attractive heats of sublimation into the temperature
range of interest, but their vapor pressures at these
temperatures were too low for further consideration. 3

v

Carbon dioxide has a heat of sublimation of 137 Kcal/kg

at -78°C, and is safe. Table III lists the weight 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. |

TR T

I The weight of carbon dioxide needed to produce 504 Kcal i
or 2000 Btu of cooling for one hour is 3.68 Kg or

: 8.1 1lbs., a 42% decrease in the 14 pounds of ice that

I would be needed to achieve the same cooling.




2PTI0TYD

" " JUBITIAT | DATSOII0D g 48~1 €£"98- L°86 TOH usZ01pAH */
n u 2ATsOoTdxE T L= £S%=| BTST= 80T H ua20i1pAH *9
QweTJ
-/3edy o3
Jue3TIAT | pasodxa JIT 9PTIOTYDIP
u u 919a9g | snoxadueq 6°'GT-2°9 EEL G°¢8 0 €°68 NAHoumov -2UaTAy3g °¢
oweTs
-/3eau 03
posodxe JIT 9PTIOTYD
" u Tnjuiey | snoxd3ueq 9EST=8"¢ 0s- £l L S6°26 10%H%HD TAu3azg 'y
oweTy
-/3eay o3
pesodxa JT 231B330V
. 5 jue3raar | snoiafueq 6-52 P y- c1°42] O 20T | SH%DZoofHD 14433 °¢
popusumodax 3Joy | 3JueTxAydsy | aaTsordxy G'8-6°1 09- G°0- 0 616 0Ty%s sueing °g
UOT IBPUBUILOIDL (snoapfyue)
paaJlasay JUBITAIT | OFBIBPOR GT~91 ¥ vET 0 9°'T0¢ Eun eTuoumry T
(%) s3aturT | (0,) 3urod (90 (0,) | (Bx/T2oNM)
SUOTJEPUdUWOIDY N%uMUﬁon zPIBZEH NuOﬂmOHaxm 7UseTd *d'd I 3® 1deA, | BTNWIO punoduo)

YIVAd NOILVZI¥OdVA WOJdd SELVYAIANVD ODNITOOD

I ITdYL




11 "

PopusumIodax 30N

*sawnj 9ATSOIIO0D
pue 21x03 @onpoad o3
I93BM U3TM 30BO1 TTIM

Quoy

JuB3TIIT

JuelTII]

JueTxAydsy

JUBITAIT
219A9g

*oweTJ
-/3edy 03
posodxa JT
snoxa3uep

ATy3tH

*ouweTJ
-/3eay o3
posodxs JT
snoxagueQq

*oweTJ
-/3eay 03
posodxa JT
snoxa3ueq
*QueTJ
-/3eay o3
posodxe JIT
snoaxs3ue(

‘oweTs
-/3eay o3
posodxa JT
snoxa3uep

ATY3TH

S6=C "¢

¢ LT-L°0T

9T-T°¢

S8=6"T

9h-€°Y

%0T-

0>

0°0T-

L=

LoEC=

8°LS

Lo TT=

%°09-

80°0T~

8° €T~

0T

9=

6°%6

9768

€°20T

A

S T6

6°TIE1

¢os

mmowmum

HO

15013:0)

€10%00%HD

0Tx¥s

sCH

3PTXOIQ
an3Ing

suedoig

apraoTud
TAuy3laR

238320V
TAy3aR

QUBINQOST

9PTIINS
ua8oapAH

€T

4

"B

0T

‘6

UOTJIepuauuwod9y]
B

z£3ToTX0L

,Paezel

(%) satuwrl

4

uotsoTdxy

(0,) 3utrog
ZUseTd

(20)
a-d

{9s)
1 3e

(3x/TE)
H&m>mﬂv

BTNUWIOJ

punodwo)

L ————

(*P,3u0d) I ITILVYL




T O ST YU

-

G.WN.I
SRR Y (0) 6°SS (321 £ap)
u  TeooT fsuopn QuoN QuoN QuoN G*°g/- (09-) (1)2°L8 ¢od 9PTXOTp uoqie) *f
. i i S ET-1'2 3 z°L6 0 €61 o®uto Touedozd-u  *f
¢ °L12 9.z
u u u 6T-€*Y €T €°8L 0 8°61C 0°E“D Toueylg
*snoxaduep 0¢ 9°6LC 5 4
u " A1e3eadpoy  G°9g-€'/ 1T 8°%9 0 %8¢ 0“HD Touey3lsy
*93jeaopou 0c 6°TI€T 9.¢
*31xX33] 99§ 03 a07 snoas3ueq Q8°ZI-9°Z A G*9¢g 0 8°%¢T 0°H*)D suolady *f
Y3ty o3 bz
n 93BI3PON 913A3§ 00T-0°€ 0 L°0T 9°0T (%) o%e 0‘H°D  °pTX0 2ULTAYIZ
" = aI19a95  sopordxE = G°¢ T ()¢ ‘66 ONHU 9PTXO0 JUTIOTYD
*33eI9pOW O3 OT.b
u umsowquf EEELEH Sv-8°1 Slr= 9 %t 0 (%) %6 0" "E'D 1243y
) no1 snozeSueq  ¢*/-7'T 2z~ £°89 0 1°68 Tu% suexoy-u
*93BI9pPOW O3 1.9
o usaouwuf snoxagueQq - og- €9 0 8°76 ¢ £ ) SudxXay
*MOT 03 I
*POpUSUWODaX JON  Umouqup snoxagdue( 9*L-%°T1 05~ 87 €1 9°88 [4 mmo auejuadosy
(%) sITurl 1Y) (9s) (35) (3%/12o)
10T3IBPUSULOIDY z £3TOoTXO0L N.vumnmm uorsordxy z Jjurod yseTd *dd 1 ae ¢ deag vy eTnuIog punodwo)

¥YIVd NOILVZI¥O4dVA WO¥d SHLVAIANYD ONITOO0D

(*P,3u0d)

I dT9VL

B

1




—

Y ———

200 poSYT 0% 03 0 TowAyL

90° 0°CLT Z€ 03 ¢ Tousyqg

0 0°8LYT 78T- O3 v61- oury3lan

1°8 0°VTIE 8§ 03 G- pTO® OTWIOJ

9°*LC 7°90T g 03 G- suexayOToAD

L2 6T S°GET S 03 0¢- suszuag

G000°0 G°€CT 9z 031 ¢ TAozusq ‘auo0390Y

8000°0 ZECT LZ O3 € Axoyzsw-d ‘suousydolasy

L000°0 €°0%T 0S 03 ¢ oI0oTYo-T ‘ououaydolzaovy

AR 6°G9T 0T 93 q¢- pTO® DOT330Y
(urur) (bx/TRON) (Do)

aanssaxg xodep -gqns HY obuey -~dueg punodwoc)
o3ewtxoxddy

(1)

II TTI9VYd

SANAOJWOD DINVDYO d0d4 YIVAd NOILVWITIINS




06°8€ | $GO°LT pE 9T - 9GE"L - _
(o))
1
9% °6T 828°8 Z1°8 8L9°€ z
EL'e PV Y 90" 6£8°T -
sqT by sqT by
20D 30 3ybTaM oo 30 3ybTem
*IY/Te0M S09 IO Nag 00%Z -IY/Te0y zGZ X0 n3d 000T Amw“sv
s@3ey buTToO0D IL

SHIONIT IWIL dIILIDIJS HHI ¥0d SIALVY ONITOOD QILVOIANI
NIVIE0 OL dTWINOIY IAIXOIA NOMIVYD AITOS 40 IHOIEM

III a7Vl




Two or More Phase Changes With One Compound Class

The objective was to find compounds 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 virtually
non-toxic, the 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,
fluid, pump or fan) and the power pack. Table IV
lists complete refrigeration systems first, then
cooling units. System No. 1 is an off-the-shelf
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)

-1 0=
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and the power pack. All of the compressors are
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 high.

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.
NH#HF2, KHF,, and NaHF, have attractive cooling
properties, especially KHF,, but their safety is
questionable. A solution of 30g KHF, in 100 g. of
water has a combined heat of fusion and heat of solu-
tion of 121 Kcal/kg.

A possible 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 dioxide, 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 practical. The am-
monia-carbon dioxide system is attractive. For an
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0.8 mole ratio of ammonia to carbon dioxide, the
two phase changes proauce 182 Kcal/kg of cooling.
This translates to 2.76 Kg or 6.1 pounds total of
ammonia and carbon dioxide being needed to obtain
504 Kcal or 2000 Btu of cooling, a 56% decrease
in the 14 pounds of ice needed to obtain the same
cooling.

2.3.1 Cooling Obtained Fron Heats of Solution

In general, heats of solution are moderate, but
some compounds possess attractive heats of solu-
tion. These are listed in Table VI. Of the 15
compounds 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 that
they are not practical.

After the above eliminations, the remaining seven
candidates are ammonia bifluoride (AH=99.6),
sodium bifluoride (AH=90), cyanamide (AH=84.6),
ammonium chloride (AH=76.5), ammonium thiocyanate
(AH=74.6) , ammonium oxalate hydrate (AH=81), and
potassium 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.

KHF, in 100 g. of water. The heat of solution of
KHF, at 30 g. was not given, but at 20 g. is 73.4
Kcal/kg. The value at 30 g. should be lower, probably
about 67 Kcal/kg. This value plus 78.7 Kcal/kg for
the average measured fusion of water equals about

146 Kcal/kg -- 25 Kcal/kg more than was actually
obtained. However, the 121 Kcal/kg obtained is still
greater than the 78.7 Kcal/kg obtained from water
alone.
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As an additional possible advantage of using the

| salt over the equivalent weight of ice is that the
salt is more dense than the ice and would require
less volume.

! The safety of each of the seven candidates was
examined. Details from reference 2 are 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 thiocyanate
decomposes at 170°C and at decompositior. or exposed
to acid, will emit highly toxic fumes. Ammonium

i oxalate hydrate is corrosive and decomposes easily,

i emitting toxic fumes. Potassium acid fluoride is
corrosive and decomposes at about 225°C instead of
melting. Ammonium bifluoride melts at 125.6°C, with
no boiling point given. Both of these salts, plus
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 Kcal/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 327.2 Kcal/kg heat of vaporization at
k| -33.4°C, which is 4.1 times greater than the heat of
b fusion of water. However, ammonia is moderately

: dangerous due to its flammability. Its explosion
limits range from 16 to 25% by volume.

Carbon dioxide has a heat of sublimation of 137 Kcal/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.




Methanol has a vapor pressure of only 40 mm at
5°C (Ref. 1lb), so it is not practical.

Ammonia has a vapor pressure at 4.7°C of
at —18.7°C, 2 atm: and at its boiling point of
-33.4°C, a vapor pressure of 1 atm. (Ref

Carbon dioxide has a vapor pressure at 5.9°C of
40 atm; at -18.9°C of 20/ atm; at -39.53°C of 10 atm;
and at =78.2°C of 1 atm. (Ref. kd).

The cooling from variocus ratios of ammonia 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 change cooling of 182 Kcal/kg,
found from the heat of sublimation c¢f carbon dioxide
at -78°C of 137 Kcal/kg, and the heat of vaporization
of ammonia at -33.4° C of 327.2 Kcal/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 Kcal 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 appears so at-
tractive as a coolant, the safety aspects should be
laboratory checked. A brief discussion of the
laboratory work needed is given in Section 5.

If the separate ammonia and carbon cdioxide 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 this calculation, the following assumptions

were made. The gases behaved ideally, and the condi-
tions just outside the exit port were 1 atm pressure

at 140°F (333°K). Both carbon dioxide and ammonia
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left the exit port together at the 0.8 mole ratio
and at 2 atm pressure, thus enabling them to flow
easily against 1 atm of atmospheric pressure. At
4°C, the vapor pressure of ammonia is about 5 atm,
and that of carbon dioxide is about 40 atm. Hence,
obtaining adequate pressure for an exit flow would
be possible. However, obtaining the gases at the
0.8 mole ratio when their natural mole ratio is
0.125 would require engineering skill. Both carhbon
dioxide and ammonia were assumed to diffuse from
the exit port with a concentration gradient of

-8 x 10-7 mole/cmj/cm. The coolant apparatus
wearer was assumed to be stationary, with no wind
blowing.

Table VIII shows the concentration of gases 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 assumption was made that all of the
volune was occupicd by the ammonia-carbon dioxide
mixture, with no air present. This is a reasonable
assumption since the gases are exiting at 2 atm of
pressure.

To obtain the data at the 8 cm distance, the volume
percentage of ammonia and carbon dioxide after their
initial concentrations were reduced by the concentra-
tion gradient, were calculated for the shell of a
sphere with an inner radius of 7.9 cm and an outer
radius of 8.0 cm. The unaccounted for additional
volume in the shell was assumed to be 80% nitrogen
and 20% oxygen.

The last column in TABLE VIII gives the volume per-
centage ratio of ammonia-to-oxygen. When this ratio
is between 0.95 and 1.67, the mixture is explosive
if ignited. This range was determined from safety
data that states that 16 to 25% by volume of ammonia
in air is explosive, and by assuming air to be 2032
oxygen by volume. TABLE VIII indicates that around

18 cm from the vent port, a theoretically explosive
ratio of ammonia-to-oxygen exists.
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2.4 One Non-Phase Change Process

Two different non-phase change processes were
considered -- the warming of a cold substance,
and the cexpansion coocling of a gas.

The cold substances warmed from their phase change
temperature to 4°C were an amnonia-carbon dioxide
0.8 mole ratio mixture, carbon dioxide, ammonia,
and nitrogen. The warming alone of any of these
materials is not attractive.

The gas expansions examined were for the same sub-

stances as were warmed, plus Freon-21. With expansion
efficiencies of about 60%, 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).

(Tz T,
(1) 2H =/ Ep gt = g (a + BT 4+ cT?)dt
y i

where AH is the heat required to raise 1 mole of the
gas from the phase change temperature T, to 4°C, Ty i

C., is the molar heat capacity at constant pressure; and
a, b, and ¢ are the heat capacity coefficients.

Table IX summarizes the warming values for each sub-
stance. None is impressive, but if the warming is
combined with a phase change, it would make a nice
addition.

Calculations for pure ammonia were included since
the results were needed for the ammonia-carbon dioxide

mixture system. Purc ammonia is not recommended as
the coolant.
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Expansion Cooling of Substances

The expansion of ammonia, carbon dioxide, ammonia-
carbon dioxide at 0.8 mole ratio, nitrogen, and
Freon-21 were examined. Calculations were done

for pure ammonia only because the results were
needed for calculations on the ammonia-carbon
dioxide mixture. The most extensive calculations
were for nitrogen, since it behaves as an ideal
gas. Even under extreme conditions and 100% ef-
ficiency, as are discussed in detail in this section,
the cooling obtained from the expansion of nitrogen
is only 43 Kcal/kg. Since the efficiency of ex-
pansion is probably only about 603, expansion of
the gases results in modest additional cooling.

The cooling obtained by expanding an ideal gas, as
exemplified by nitrogen, from an initial contained
volume to a final contained volume, with the initial
volume at pressures of 700, 1400, or 2100 psi, for
various initial gas tenperatures, and the final
volume at 14.7 psi or 1 atm pressure was examined.
The pressure of 700 psi is typical of the pressure
in & small lecture sized bottle of nitrogen. The
2100 psi pressure is close to the pressure in a full
sized nitrogen cylinder. Because of the possibility
of obtaining the nitrogen from liguid nitrogen,
initial temperatures from 4 to -195°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 final pressures of the
gas (which can be given as the working conditions)
must be known.

The cooling obtained was first calculated for a range
of initial gas temperatures at a constant initial
pressure. Then the cooling obtained was calculated
for a range of initial pressures at a constant
initial temperature. For all calculations, the
nitrogen gas was assumed to undergo reversible
adiabatic expansion.




For the first set of calculations, the initial
pressure was 700 psi, and the initial temperature
varied. For an initial pressure of 700 psi, the

initial molar volume is 0.5 liter, consistent with 100

liter of Np (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 vclume was calculated (Ref .25) from
Equation (2).

(2) PlVlY = P.V.Y

where P., P, are the initial and final pressures,
respectively; V3 and V, are the initial and final
molar volumes, respectively; and Y is the ratio of
tlie molar heat capacity at constant pressure to the

molar heat capacity at constant volume. For nitrogen,
Y is 1.40. For this particular exampie, P; = 700 psi

= 47.6 atm; Py, = 1 atm, V; = 0.5 liter, and V, is

to be determined. V2 is 7.9 liters.

With a knowledge of V. and V,, the temperature after
expansion was calcula%ed as a function of various
initial temperatures, using Eguation (3).

(3) C

¥ 1n T2/Tl = ~R 1ln V2/Vl

Where C, is the molar heat capacity at constant
volume, T, and T, are the final and initial tempera-
tures, respectivéely; and R is the gas constant.
For nitrogen, Cy is 4.95 cal/deg mole at 25°C. For
this example, V, = 7.9 liters, Vl = 0.5 liter,

R = 1.987 cal/deg mole; T; was 4°C, or -50°C, or
-100°C, or -195.8°C; and T, was the unknown.

Table X shows the resultant final temperatures for
the various initial temperatures.

b
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Table X also shows the cooling obtained from the
adiabatic expansion from T; and T, 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 calculating the reversible work done
in the expansion from Equation (4)

22 .
(4) o / GGt
Ty

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 T; = 4°C with P, = 1400 or 2100 psi,
'I‘2 and the resultant Wy oy weré 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 Vp/Vy ratio of 200 (at 2100 psi, V,/V; was 34 at
most) and an initial temperature of %° , 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 Btu), or 605 Kcal
(2400 Btu) of coding for 1, 2, or 4 hours is prohib-
itively large.

Almost 6 Kg (13 1lbs) of nitrogen 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 P; = 47.6 atm, Vi = 0.5 liter,
and Ty = 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 systen,
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the expansion work was estimated from that of the
two parent systems using the values of 21.5 Kcal/kg,
or 1.10 Kcal/mole for carbon dioxide, and

63.7 Kcal/kg or 1.08 Kcal/mole for ammonia.

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

1

(5) Efficiency % = 100 (1- ———M—
AvY =3

i
~~

where AV is the ratio of final to initial volume,
and Yy 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 Equation (5), it was used to calculate

the efficiency in the expansion cycle of a diesel
engine for an ideal gas ( 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.

can be coupled with a phase change, it would make a

The expansion cooling is modest. If expansion cooling
+ nice addition.

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

§ The combining of a phase change with warming of the

E coolant to 4°C, followed by expansion cooling of

s the gas for five substances was examined. The sub-
stances include ammonia, carbon dioxide, an 0.8 mole
ratio mixture of ammonia to carbon dioxide, nitrogen,
and Freon-21.

Ammonia was included in the calculations because the
results were needed for calculations on the ammonia-
carbon dioxide system. A pure ammonia coolant is




not recommended because of safety hazards.

In all cases, the final expansion cooling is not
weight effective.

Below Ic the cooling obtained from the phase change

and warming to 4°C for the three systems recom-
mended for consideration.

l. Ammonia-carbon dioxide

0.8 mole ratio of NH3/CO2 198.5 Kcal/kg
2. Carbon dioxide 153.0 Kcal/kg
3. Nitrogen 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
i 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-
ment 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 1lbs)
b 2. Carbon dioxide 1.65 Kg (3.64 1bs)
E! 3. Nitrogen 2.64 Kg (5.82 1lbs)
| Reference Ice 3.01 Kg (6.64 1bs)

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 Kcal/kg. The expansion
of the gases at 4°C to obtain additional cooling is




‘uoTtsurdxd® 3NOY3TM HUTTOOD TR0} UO pasedy
| ;
979 EOSE £L°28 €LTE8 s 7 03 0 woxd 0 ©
co~ ¥ TL 6L ©01
09°6 SE°P 6° LS 9 Gz ) e 6°8 @
G8°LS TZ-uoaa1i
03 9°G6 T~ wWOIJ 9°G6T- @
¢8°S v9°¢ €°96 CTLTT GEaliC Lol oF Ly usb0I3 TN
€N z03 opPTXOTd
y O3 P ge~ woag uogae) &
oD z03 prcc- o fHUN jo3 eTuOCUMMY e
08°¢ LETT G 86T 9°8T¢ T°0¢ p 03 gL~ woxg |+ 8L- & 0D 30 oT3ed ;
SO Z8T1 9TOW €°0
B LS wL0 AN A3 9°€8¢ ¢°8¢ 7 O3 p°gE~ woag pocE- o
LT 8Bl Lze eTUoUIY
?9°€ GI9\T 0°€ST 9= L9 9 Wik 7 03 gL~ woag 8L- ® opTX0oTa |
3 0= 9 LET uogaed g
_ “Sq1 [ |
n3g 000T | (HM/Tedy)uots (b3 /1e0N) (B/TeoN) Do 03 D, wWoxg Do 3® _
] I0 TedY 767 [-uedxd 3INOYITM putt00D jxoM uoTsuedxd by /TeoM by /TeoM soue3lsqng |
I0F *3M | BUTTOOD Te3IOL aTqeqoad TeaolL oTqeqoid buTtwaem H L
™

NOISNVAXE ANV ‘ONIWNYM ‘EONVHO ISVHd WONJd SYITLIWVIVd ODNITOOD J0 AYVWWAS

AIX dTEVYL




e

T ————— . .

not recommended since it would probably add only
an additional 20.1 Kcal/kg, and the hardware needed
would not make this increase weight effective.

For the 0.8 mole ratio system, its effective phase
change cooling is 182 Kcal/kg, found from 137 Kcal/kg
for the hcat of sublimation of carbon dioxide at
~78°C, and 327.2 Kcal/kg for the heat of vaporization
of ammonia 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 ammonia, and that
the heat required to raise carbon dioxide from -78 to
4°C is 16 Kcal/kg, and the heat required to raise
ammonia from -33.4 to 4°C is 18.17 Kcal/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 obtainable from
the phase transitions and warming. The hardware
needed to control this expansion will, in all
probability make the expansion refinement weight
ineffective.

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

Carbon Dioxide System

The sublimation of solid carbon dioxide and the
warming of the resultant gas to 4°C will yield

153 Kcal/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 sublimation of solid carbon dioxide yields
137 Kcal/kg, and its warming from -78 to 4°C yields
an additional 16 Kcal/kg.

The probable cooling obtained from expansion is
14.6 Kcal/mole. However, under the expansion

S

i
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conditions suggested of P, = 47.6 atm, Ty = 40,
carbon dioxide is in liguid 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
expansion with the phase change and warming 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 Kcal/kg, and, as such, is
probably not weight effective.

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 are 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-21 System

As Table XIV shows, the cooling from Freon-21 is too
low to warrant further discussion.

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
(AH = 198.5 Kcal/kg) 0.8 mole ratio

pure carbon dioxide (AH = 153 Kcal/kg)
pure nitrogen (AH = 95.3 Kcal/kqg)

Of these three, the first 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-explosive salts with reasonable

heats of solution, only ammonium chloride with a heat of
solution of 76.5 Kcal/kg appears completely safe.
Ammonium-, 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 bifluoride.

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.

-3 G-
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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 1lbs) is

$0.082/Kg or $0.18/1b, and for 1-3 cylinders

(68 Kg or 150 1lbs each) is $0.20/Kg or $0.44/1b.

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 $0.06/1b for a 23 Kg or 50 1lb
i block and is rather insensitive to weight purchased.
It is easily cut or formed to any shape, and stores
rather well in an appropriate dry ice chest. Fifty
to 100 pounds will keep for about one week. Its
vapor pressure is 760 mm 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
i at many installations.

Assuming both the ammonia and dry ice are properly
handled, neither should be problematic for charging
the suit.

-

Since ammonia is irritating to the respiratory tract,
eyes, and moist skin, a rip in the suit, exposing
the ammonia to the wearer, could cause severe dis-
confort as well as a possible cold burn. Should
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ammonia somehow feed into the suit wearer's
breathing support system, he would 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, + 2NH3 —_— NIIZCOONH4

which can be decomposed to urea and water
NH,COONH , —n—3% N + "
IH2 4 & CO( 112) 2 1120

Industrially (Ref. 30) these reactions are used to
produce urea for fertilizers. The reaction chamber
is at 200 atm and 185°C. 1In the laboratory, the
carbamate can be formed from a simple mixture of
liquid ammonia with powdered dry ice (Ref. 31). The
carbamate decomposes at 59°C, releasing ammonia.

In this suggested system, the liquid ammonia and dry
ice reservoirs are to be separated, vaporizing 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




react to form the white, 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
environmental problems. The logistic details 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.

=39=
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For 2,000 liters/month (54 Kg/day) consumption,

2 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

f, ($0.0742/Kg). The equipment rental charge for on

H 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

3 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

3 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

3 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 °cC,

-

NSRS i do e ad

Of the three fluoride salts studied in Ref. 5, the .
one yielding the greatest combined heat of fusion |
plus heat of solution was potassium bifluoride at
121 Kcal/kg. However, this salt is corrosive, and

i 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-bifluoride
have similar safety problems. Consequently, they
may be given reserved recommendations also.

=40=
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All three fluoride salts are articles of commerce

and available in large quantities for about $0.40/1b.
Though corrosive, containment materials are available.
Containment materials for the potassium bifluoride
(Ref. 32a) are stainless steels and high chrome
steels; for the sodium bifluoride (Ref. 32b), copper,
tin, bronze, aluminum bronze, monel, rubber, saran,
and karbate; and for ammonium bifluoride (Ref. 32c),
high chrome steels, stainless steels, worthite,
durimet 20, monel, nickel, and inconel.

RECOMMENDATIONS 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 weight 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 nitrogen system, represents
only a 14% improvement over the ice-water system, reducing
the weight of icé needed by only 12%. The engineering
needed to change from an ice coolant to nitrogen will not
be repaid by much additional cooling.

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

To check the safety of the ammonium-~carbon dioxide
system, laboratory testing of mixtures of the gases is
recommended. The gases are obtainable in convenient
form at measurable pressures in cylinder tanks. With
the cylinders sufficiently removed from the test area,
and with proper valving precautions, the gases can be
made to flow through adjacent nozzles oxr a burner head

wd ] -
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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 expected to emerge from the suit.
Throughout the above ranges of conditions, this mixture
should be subjected to sparks and hot wire ignitors

at various distances from the nozzles under static and
breezy conditions to determine if a fire 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 afford different 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. 1In 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 its
hydrogen bonding. Modifying the compound to reduce a
phase change temperature, will, in all probability,

reduce its phase change enthalpy below an attractive
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 unsafe,
and attempting to modify it without compromising its
cooling properties. Such a study is beyond the scope of
this program, but might represent the nucleus for

another program.

3=




_ Flow
Meters

A

()

L______~J:::— Fine Adjustment

Valve

Fine Adjust-

ment Valve ! y///

R On-0f £ 1’4

Valves
L\ G 25 ft. Hos
25 ft.Hose . ,,/—T{ co.

o Z ‘
* éiif; Regulato

\Check

3 Regulator Valves

T
NH

r‘ﬁ

‘—I—_—.

L, Gas

Port

NH3 Gas : CO_ Gas

Movable
Spark /Hoy Wire
Assembly

OPEN ENDED TEST

High Voltage CYLIN?ER
Arc Supply (end view)
Figure 2

Ammonia-Carbon Dioxide Explosive Characteristics
Test Apparatas

.




T

| 5.0 REFERENCES

‘ 1. Handbook of Chemistry & Physics, 42 ed., The Chemical
i Rubber Publishing Co., Cleveland, 1961, p. 2318

e e e —————

la. Ibid, p. 1347

3

lb. Ibid, p. 2364

T

lc. Ibid, p. 2352

1d. Ibid, p. 2352

2. N. I. Sax, Dangerous Properties of Industrial Materials,
3rd ed., Van Nostrand Reinhold Company, New York, 1968.

3. International Critical Tables of Numerical Data, Physica,
Chemistry, and Technology, Vol. 5, McGraw-Hill Inc.,
Newark, 1929, ff£ 136.

¢
£
¢
5
t
|
)
4
i
L &
§

3a. Ibid, p. 131

IR ST YT T

3b. Ibid, p. 148

4. Selected Values of Chemical Thermodynamic Properties,
U. S. Dept. of Commerce & NBS, U.S. Govt. Printing
0ffice, Washington, B. €., 1952, pp. 549, 599.

I
% ! S. J. D. Kellner, "Improved Thermal Storage Material for
d Portable Life Support Systems," ASME, July 21, 1975.

6. Eastern Industries, LFE Fluid Control Div., 100
St., Hamden, CT 06514, Mr. George Paradis, 203/2
Mr. James Carpenter, designer, now at Ref. 9.

Skiff
48-38

8 4.

7s Avionics Instruments Inc., 943 Hazelwood Ave.,
Rahway, NJ 07065, Mr. Wood, 201/382-7100.

8. P. R. Mallory Lab., Lab. for Physical Science,
Northwest Industrial Park, Burlington, ME 01804,
Dr. A. N. Rey, 617/272-4100.

9. Hydrokinetics, 400 Diadelnorte, Oceanside, CA 92054,
Mr. James Carpenter, 714/757-2511.

-45-




B T 0 e

0.

11.

12.

13.

14.

15.

16.

17.

18.

B9,

20.

21,

22.

23.

24.

Task Corp. (Joy Manufacturing Co.,), 1600 N. Kraemer
Blvd., Anaheim, CA 92803, Mr. Steve Ehrick,
714/630-5110

Magnakold Inc., 17600 Monroeville Rd., Costa Mesa,
CA 92626, Mr. O'Neil, 714/646-2939

Aerotherm Corporation, 485 Clyde Ave., Mountain View,
CA 94042, Mr. William Elkins, 415/964-3200

Electric Assistance Corp. Lab.

5020 Whetsel Ave., Cincinnati, Ohio 45229
Mr. Herman Story, 513/891-6600

Eastern Industries, LFE Fluid Control Div.
100 Skiff Street, Hamden, Conn. 06514

Mr. Dan Raney, 203/248-3841

Tecumsek Products, Tecumsek, Mich.
Mr. Manley, 313/423-8411

Domestic Sales Corp.

2320 Industrial Parkway, Elkhart, IN 46514

Mr. Ross, 214/294-2511

Dr. A. N. Dey, P. R. Mallory Inc., 617/272-4100

Mr. Paul Eddy, Eagle-Picher Industries, Inc.,
Box 47, Joplin, MO 64801, 417/623-8000

Mr. John Howell, Eagle-Picher

Mr. Ron Hammel, Gates Research Lab.,
Denver, CO, 303/744-7051

Mr. Joe Leonard, Eagle-Picher

Mr. Vincent Iacono, U.S. Army, Natick Research &
Development Com-and, Attn: DRXNM-VCA (Vincent Iacono),
Natick, MA 01760, 617/653-1000, Ext. 2715

Mr. Ryan, Yardney Electric Corp., 82 Mechanic St.,
Pawcatuck, CT, 203/599-1100

Chemical Week, Vol. 119, No. 22, (12/1/76) p. 31.




25, Daniels & Alberti, Physical Chemistry, 2nd ed.,
1962, John Wiley & Sons, N.Y. Chap. 3 & 4.

26. E. I. DuPont deNemours & Co., FREON-21 Technical
{ Bulletin, Wilmington, DE 19898, 302-774-2549.

27, F. W. Sears, Principles of Physics I, Mechanics,

Heat and Sound, Addison-Wesley Press, Inc.,
Cambridge, 1947, ff 440.

28, J. H. Perry, Checmical Engineers' Handbook, 4th ed.
McGraw Hill, New York, 1963, 12-24.

29. Jordon & Priester, ?efrigeratiod‘& Air Conditioning,
2nd ed., Prentice Hall, Fig. ES5.

30. Kirk-Othmer, Encyclopedia of Chemical Technology,
Supplement Volume 1971, 343, John Wiley & Sons, New York.

3k Inorganic Synthesis, 2, 85 (1946).

32. Corrosion Data Survey, Shell Development Co.
1954 ed., Emeryville, CA Tables A-3, C-2

/ 32a. Ibid, Table P-4
32b. Ibid, Table S-2
32c. 1Ibid, Table A-3

335 Guide to Plastics, by editors of Modern Plastics
Encyclopedia, McGraw-Hill, New York, 1970.

-4~




" T T

et o

e e S S S

APPENDIX I

DETAILED SATETY DATA ON COMPOUNDS IN TABLE I




i

APPENDIX I

DETAILED SAFETY DATA ON COMPOUNDS IN TABLE I

AMNMONIA ANIYDROUS 2
Geaeral Information &
Ssnonym: Ammonia 2as.

Description: Colorless pas, extremely pungent odor, liquefied
by compression.

Formula: NH,.

Constants: Mol wt: 12,03, mp: -72.7°C, bp: -33.35°C,
lel: 16%, ucl: 25%, d: 0.771 g/liter a1 0°C,0.817 g/ml at
—79°C, autoign temp: 12087F, vap press: 10 atm
a1 23.7°C, vap d: 0.6.

t{azard Analysis

Tovic Hazard Rating:

Acute Local: Irritant 3; Ingestion 3; Inhalation 3.
Acute Systemic: U.

Chronic Local: Irritant 1.

Chronic Systemic: U.

TLV: ACGIH (recommended) 50 parts per million in air:
35 milligrams per cubic meter of air.

Tonicology: Irritating to eyes and mucous membranes of
respiratory tract. Signs and symptoms of exposure are
irritation of the eyes, conjunctivitis, swelling of the eye-
lids. irritation of the nose and throat, coughing, dyspnoca
and vomiting. Trritation of the skin may be experienced.
especially if it is moist. Corneal ulcers have been re-
ported foliowing splashing of ammonia water in the eye
(Section 1). A common air contaminant (Scction 4). |

Fire Hazard: Moderate, when exposed to heat or flame.

Spontancous Heating: No. Requires high concentrations in
air before it catches fire.

Explosion Hazard: Moderate, when exposed to flame. Forms
explosive compounds in contact with silver or mercury
(Section 7). i

Disaster Hazard: Moderately dangerous; exposed to heat, it {
emits toxic fumes. |

Countermeasures i

Ventilation Control: Section 2. |

To Fight Fire: Stop flow of gas, carbon dioxide, dry chemical

or water spray (Section 6). f

SRR S

Personnel Protection: Section 3.

Pcrsonal Hygiene: Section 3.

First Aid: Section 1. |

Storaze and Hundling: Section 7.

Shipping Regulations: Section 11, }
1.C.C . Noaflammable gas: green label, 300 pounds. !
Coast Guard Classification: Noninflammable gas; green

gas label.
MCA warning label.

IATA: Nonflummable gas, green label, not acceptable (pas-
senger), 140 kilograms (cargo)

TONIC HAZARL RATING CODE (For detailed diveussion, see Section 1)

BUTANE

General Information

Svnonyms: N-Butane: methylethylmethane; butyl hydride.

Description: Colorless gas.

Formula: CH,CH.CH,CH,.

Constants: Mol wt: S8, bp: -0.5°C, fp: —1386°C.
lel: 1.9%, uel: 8.5%, flash p: ~76°F (C.C.), d: 0 599,
autoign. temp.: 761°F, vap. press.: 2 atm at 18.8°C,
vap. d.: 2,046,

Hazard Analysis

Toxic Hazard Rating:

Acute Local: 0.

Acute Systemic: Inhalation 2.
Chronic Local: U.

Chronic Systemic: Inhalation 1.

A gencral purpose feod additive (Section 10).

Caution: Produces drowsiness. Simple usphy xiant.

Fire Hazard: Dangerous: whea exposed to heat or flame.

Spontancous Heating: No.

Explosion Hazard: Moderate, when exposed 1o flame
(Section 7).

Disaster Hazard: Moderately dangerous; when heated it
emits acrid fumes; caa react with onidizing materials,

Countermeasures

Veatilation Control. Section 2.

To Fight Fire. Carbon dioxide, dry chemical or water spray
{Scction 6).

Storage and Handling: Section 7.

Shipping Regulations: Section 1L

L.C.C: Flammable gas: red gas label, 300 pounds.
IATA: Flammable gas, red label, not acceptable (pas-
senger), 140 hilograms (caryo).

BUTANE

Butane mintures, and mixtures having similar properties
contained in highters, candles, heating devices, refill
containers and simitar devices cach nor exceeding
65 grams (2 3ozs)

Shipping Regulations: Section 11.

TATA: Flammuble gas, red label, 0.6 Kilogram (passenger),

12 kilograms (cargo).

0 NONE (1) No barmunder any conditions, (b) Harmfalonly under une 2 MODERATE May amvolie both arzeversie a5 reverab'e vhanges,

wsual conditions or overwhelonng dusape

1 SLIGHT Causes readily reversible changes which diappear afier end
of exposure
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APPENDIX I

ETHYL ACETATE

General Information

Synonym: Acctic ether; ethyl ester; ethyl cthanoate.

Description: Colorless liquid; fragrant odor.

Formula: CH,COOC,H,.

Constants: Mol wt: $8.10, mp: --83.6°C, bp: 77.15°C,
ulc: 85 90, lel: 2.5%, uel: 9%, flash p: 24° F, d: 0.8946 at
25°C, autoign. temp.: 800°F, vap. press.: 100 mm at
27.0°C,vap.d.: 3.04.

Hazard Analysis

Toxic Hazard Rating:

Acute Local: Irritant 1.

Acute Systemic: Ingestion 2; Inhalation 2; Skin Absorp-
tion 2.

Chronic Local: Trritant 1.

Chronic Systemic: Ingestion 1; Inhalation 1; Skin Ab-
sorption I.

TLV: ACGHH (recommended); 400 pacts per million in air:
1400 milligrams per cubic meter of air,

Toxicology: Ethyl acetate is irritating to mucous surfaces,
particularly the cyes, gums, and respiratory passages

and is also mildly narcotic. On repeated or prolonged
exposures, it causes conjunctival irritation and corncal
clouding. It can cause dermatitis. High concentra-
tions have a parcotic effect and can cause congestion of
the liver and Kidneys. Chronic poisoning has been
deseribed as producing secondary anemia, leucocytosis
and cloudy swelling, and fatty degeneration of the
viscera. Note: Used as a synthetic flavoring substance
and adjuvant (Section 10).
Fire Hazard: Dangerous, when exposed to heat or Name;
can react viporously with oxidizing materials.
Spontancous Heating: No.
Explosion Hazard: Moderate, when exposed to flame.
Disaster Hazard: Dangerous, upon cexposure to heat or
flame.
(.Ollﬂﬂ:ﬂﬂl‘ilﬁl"k‘%
Ventilation Control: Section 2.
To Fight Fire: Carbon diovide, dry chemical or carbon
tetrachloride (Section 6)
Personnel Protection: Section 3.
Storage and Handling: Section 7.
Shipping Regulations: Section 11,
1.C.C.: Flammable liquid: red label, 10 gallons.
Coast Guard  Classification: Inflammable  liquid;  red
tabel.
MCA warning label,
IATA: Flammable liquid, red label, 1 hiter (passenger),
40 liters (cargo).

I
|
{
|
|
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(Cont'd.)

ETHYL CHLORIDF

Geacral Information

Synonyms: Chlorocthane, hydrochloric  ether, muriatic
ether. .

Description: Colorless hiquid or gas; ether-hke odor, burn-
ing taste.

Formula: CH,CH.CL

Constants: Mol wt: 64.52, bp: 12.3°C, lel. 3.8%, vel: 15.4%,
fp: —139°C, flash p: - S8°F (C.C). d. 0.9214 at
0° /4°C, autoign. temp.. 96¢"F, vap. press.. 1000
mm at 20°C, vap. d.: 2.22.

Hazard Analysis

Toxic Hazard Rating:

Acute Local: Irritant 1; Ingestion 2; Inhalation 2.
Acute Systemic: Ingestion 2; Inhalation 2.
Chronic Local: U.

Chronic Systemic: U.

TLY: ACGIH (recommended); 1000 ppm in air 2600 mitli-
grams per cubic ineter of air.

Toxicology: The liquid is harmful to the eyes and can cause
some irritation. In the case of guinea pigs, the symp-
toms attending exposure are similar to those caused by
methy! chloride, except that the signs of fung irritation
are not as pronounced. It gives some warning of its
presence because it is irritating, but it is possidble to
tolerate exposure to it until one becomes unconscious.
ft is the least tonic of all of the chlorinated hydrocar-
bons. It can cause narcosis, although the effects are
usually transienl. Animal experiments show some evi-
dence of Kidney irritation and accumulation of fat due
to this material in the kidneys, cardise muscles and
liver.

Fire Hazard: Highly dangerous, when expo.ed to heat or
flame.

Spontancous Heating: No.

Explosion Hazard: Severe, when exposed to tlame.

Disaster Hazard. Highly dangerous! Keep away from heat
and open flame; forms phosgene on combustion; reacts
with water or steam to produce tonic and corrosive
fumes; can react vigorously with avidizing materials,

Countermeasures
Veptilation Control: Section 2.
To Ficht Fire: Carbon dionide, dry chemical or carbon
tetrachioride (Section 6).
Personnel Protection: Section 3.
Storage and Handling: Section 7.
Shipping Regulations: Section 11
1C.C.: Flammable liquid; red label, 300 pounds in cyl-
inders, 15 pounds in other containers.
Coast Guard  Classification: Inflammuble  hiquidi  rec
label.
MCA warning label.
IATA: Flammable liquid, red label, not acceptable (pas-
senger), 140 Kilograms (cargo).
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APPENDIX

ETHYLENE DICHLORIDE
General Information
Synonyms: Ethylene chloride; 1,2-dichlorocethane.
Description: Colorless liquid.
Formula: CH,CICH,C\.
Constants: Mol wt: 99.0, bp: 83.5°C, ulc: 60 70, lel: 6.2%,
uek: 15.9%, fp: —-35.7°C, flash p. 50°F, d: 1.257 at
20° /4°C, autoign. temp.: 775°F, vap. press.: 100 mm
at 29.4°C, vap.d.: 3.35.
Hazard Analysis
Tonic Hazard Rating:
Acute Local: Irritant 3; Ingestion 3; Inhalation 3.
Acute Systemic: Ingestion 3; Inhalation 3.
Chronic Local: Irritant 2.
Chronic Systemic: Ingestion 3; Inhalution 3; Skin Absorp-

tion 2.

TLV: ACGIH (rccommended) 50 ppm of air; 200 milli-
grams per cubic meter of air. ~

Toxicology: Ethylene dichlaride has a distinctive odor and
strong local irritating effects, which give warning of its
presence in relatively safe concentrations. There is
irritation of the cyes and upper respiratory passages.
Ethylene dichloride has a specific effect on the cornca.
Exposure to the vapor, or, in unimals, injection under
the skin, produces a clouding which may progress to
cndothelial necrosis and infiltration of the coinea by
lymphocytes and connective tissue cells. The narcotic
action of the compound is strong, probably of the same
order as chloroform. Its toxic eflects upon the liver and
kidneys are less than that of carbon tetrachloride, but
animal experiments indicate that these organs may
show congestion and fatty degeneration. Fdema of the
Jungs has also been reported in animals. Dermatitis in
man has been observed (Section 9).

In short exposures to high concentrations, the picture
is one of irritation of the eyes, nose and throat, fal-
lowed by dizziness, nausea, vomiting, incredsing stupor,
cyanosis, rapid pulse, and loss of consciousness.

Chronic poisoning, where exposure has occurred
over a period of several months, may cause loss of ap-
petite, nausca and vomiting, epigastric distress, tre-

mors, nystagmus, leucocytosis, low blood supar ievels,
and possibly dermatitis if there has been shia contact. A
soil fumigant. Used as a food additive permitted in food
for human consumption.

Fire Hazard: Dangerous, if exposed to heat or flume.

Spontancous tHeating: No.

Explosion Hazard: Moderate, in the form of vapor when ex-
posed 1o flame (Section 7).

Disaster Hazard: Dangerous; when heated to decomposi-
tion, it emits highly toxic fumes of phosgene: can react
vigorously with oxidizing materials.

Countermeasures

Ventilation Control: Section 2.

To Fight Fire: Water, foam, carbun dioxide, dry chemical
or carbon tetrachloride (Section 6).

Personnel Protection: Section 3.

First Aid: Section |

Storage and Handling: Section 7.

Shipping Regulations: Section 11.

1.C.C.: Flammable liguid; red label, 10 gallons.
Coast Guard Classification: Inflammable liquid: red label.

I (Cant'd.)

HYDROCGEN

General Information

Description: Colorless gas.

Formula: H,.

Constants: Mol wt: 20162, mp:  ~239.08°C,  bp:
-252.8°C, leb: 4.0%, vel 74.2%, d: 0.0:99 g/liter,
autoign. temp. 1085° b, vap. d.: 0.069.

Hazard Analysis

Toxic Hazard Rating:

Acute Local: 0.

Acute Systemic: Inhalation 1.
Chronic Local: 0.

Chronic Systemic: 0.

Radiation Hazard: Section 8. For permissible levels, sce
Table 000.

Artificial and patural isotope *H (tritium), half life
12.3 y. Decays 1o stable *He by emitting beta particles
of 0.018 MeV. Tritium cccurs naturally as a result of
cosmic ray hombuardment of devterium

Fire Hazard: Highly danperous; when exposed to heat or
flame.

Explosion Hazard: Severe, whea exposed to heat or flame

Explosive Range: 4.1 74.2%.

Disaster Hazard. Dangerous: can react vigorously with
oxidizing materials

Countermeasures

Veatilation Contro!: Section 2.

Storage and Handling: Scction 7.

To Fight Fire: Carbon dionide or dry chemical (Section )

Shipping Regulations: Section 1.

1.C.C.: Flammable gas; red gas label, 300 pounds

1.C.C.: (Liquefied) not accepied.

Coast Guard Classification: Inflammuble gas: red gas
lubel.

Coast Guard Classification® (Liquefied) not permiited

JATA: Flammable gas, red label, not acceptable (pas-
senger), 140 kiloprams (cargo).

MCA warning label. |

IATA: Flammable liquid, red label, 1 liter (passenger), |

40 liters (cargo). {
-5 ] -
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- 7. HYDROGEN CHLORIDE. See hydrochloric acid ) NS :
f = e - - < g . JEN SULFIDE
] Shipping Kegulations: Section I1. 8 g:n[,ri:l(‘:.(;,z:m'tu:“ e
! Synonym: Sulfuretied hydrogen.
1.C.C.: Nonflammable gas; green label, 300 pounds. Description: Colorless; flammable gas, offensive odor.
| Coast Guard Classification: Noninflammable gas; green Formula: H,S. {
- gas label. Constants: Mol wt: 3408, mp: ~85.5°C. bp: ~60.4°C, !
; MCA warning label. Jel: 4.3%, vel: 467, autoign. temp.: S0D°F, d: 1.539
1 IATA: Nonflammable gas, green label, not acceptable g/liter at 0°C, vap. press.: 20 atm at 25.5°C, vap. d.:
{passeager), 140 kilograms (cargo). 1.189.
i Hazard Analysis
Toxic Hazard Rating
HYDROCHLORIC ACID Acute Local. Irritant 3; Inhalation 3.
General Information . Acute Systemic: Inhalation 3.
Synonyms: Muriatic acid; chlorohydric acid; hydrogen Chronic Local : deritant 3.
chloride. r L Chronic Systemiz: Inhalation 3.
F Description: Colorl':si gas or colorless, fuming liquid; TLV: ACGIH (recommended) 10 parts per mitlion of air;
~ strongly corrosive. 15 milligrams per cubic meter of air.
{ Formula: HCIL o 3 Tovicologs: Mydragen suliide is both an irsitant and an
} Constants: Mol wt: 36.47, mp: —114.3°C, bp: —81.8°C, asphy xiant. Low concentrations of from 20 to 150 ppm

d: 1.639 g/liter (gas) at 0°C; 1194 at -36°C (liquid).
vap. press.: 4.0 atm at 17.8°C.
: Hazard Analysis
Toxic Hazard Rating:
Acute Local: Irritant 3; Ingestion 3; Inhalation 3.
Acute Systemic: U.
Chronic Local: Irritant 2.
k Chronic Systemic: U.
TLV: ACGIH (recommended); S parts per million in air;

cause irritation of the eyes; slightly higher concentra-
tions riay cause irritation of the upper respiratory tract,
and if exposcre is prolonged, pulmonary edema may
result, The irritant action has been explained on the
basis that H,S combines with the alhali present in
moist surface tissues to form sodium sulfide, a caustic,

With higher concentrations the action of the gas on
the nervous system becomes more prominent, and a
30-minute exposure to S00 ppm results in headache,

7 milligrams per cubic meter of air.

Toxicology: Hydrochloric acid is an irritant to the mucous

membranes of the eyes and respiratory tract, and a
concentration of 35 ppm causcs irritation of the throat
after short exposure. Concentrations of 50 to 100 ppim
are tolerable for | hour. More severe exposures result
in pulmonary edema, and often laryngeal spasm. Con-
centrations of 1,000 to 2,000 ppm are dangerous, cven
for brief cxposures. Mists of hydrochloric acid arc con-
sidered less harmful than the anhydrous hydrogen chlo-
ride, since the droplets have no dehydrating action.
In general, hydrochloric acid causes litte trouble in
industry, other than from accidental splashes and burns.
1t is uscd as a general purpose food additive (Section 10).
1t is a common air contaminant (Section 10).

Disaster Hazard: Dangerous; sec chlorides; will react with

water or steam to produce toxic and corrosive fumes.

dizziness, excitement, staggering gait, diarrhea and
dysuria, followed sometimes by  bronchitis  or
bronchopneumania. The action on the nerveus system
is, with small amounts, one of depression, in larger
amounts, it stimulates, and with very high amounts
the respiratory center is paralyzed. Exposures of 800
to 1000 ppm may be fatal in 30 minutes, and high con-
centrations arc instantly fatal. Fatal hydrogen sultide
poisoning may occur even more rapidly thun that fol-
lowing exposure to a similar concentration of hydrogen
cyanide. H,S does not combine with the hemoglobin
of the blood, its asphyxiant action is due to paralysis
of the respiratory center.

With repeated exposures to low concentrations, con-
Junctivitis, photophobia, corneal bullae, tearing, pain
and blurred vision are the commonest findings. High
concentrations may cause rhinitis, bronchitis, and

Countermensyres b occasionally pulmonary edema. Exposure to very
‘ V:nnlalmn‘(‘onmjl. Scction 2, high concentrations results in immediate  death.
. Personnel Protection: Section 3. Chronic poisoning results in headache, inflammation
} Sjorngq a-nd H;\pdhﬂg: Section 7. of the conjunctivac and eyelids, digestive disturbances,
First @"j'l,scv“"f“’.' e Sieisnl Joss of weight and general debility. It is a common air
SmppinG SeRISHINs: SeIon contaminant (Section 4).

Lt G i

o

IATA: Corrosive liquid, white lahel, 1 liter (passenger).,
5 liters (cargo).

r'_ 1.C.C.: Corrosive liquid; white label, 10 pints. Fire 1l d: Dangerous, whe d to he f:

P Coast Guard Classitication: Corrosive liquid; white label. i Bieosrt Nedss [ e e IL»‘-“N o

‘;’3 Coast Guard (anhydrous) Classification: Noninflammable l:lph')]::‘nc. QoS BRI, Wi O0IE W Bt 6

> Bas; green ili"‘ {‘-“’;CL Disaster Hazard: Highly dangerous; when  heated to
. MCA warning label. decomposition, it emits highly toxic fumes of oxides of

sulfur; can react vigorously with oxidizing materials.
Countermeasures
Ventilation Control: Section 2.
Personnel Protection: Scction 3.
Storage and Handling: Section 7.
To Fight Fire: Carbon dioxide, dry chemical or water
spray (Section 6).
Shipping Regulations: Section 11,
1.C.C.: Flammable gas; red gas label, 300 pounds.
Coast Guard Classification: Inflammable gas; red gas
label.
MCA warning label.
IATA: Flammable gas, red label, not acceptable (pas-
senper), 140 kilograms (cargo). :
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APPENDIX I (Cont'd.)

ISOBUTANE 11. METHYL CHLORIDE

General Information

Synonyms: 2-Methyl propane; trimethyl methane.

Description: Colorless gas.

Formula: C,H,..

Constants: Mol wit: 58.12, bp: —11.7°C, lel: 1.9%, uvel:
8.5%, fp: —160°C, d: 0.5572 at 20°C, autoign. temp.:
864°F, vap.d.: 2.01.

Hazard Analysis

Toxic Hazard Rating:

Acute Local: 0.

Acute Systemic: Inhalation 1. i
Chronic Local: 0 |
Chronic Systemic: U. !

Caution: An asphyxiant. A common air contaminant.

Fire Hazard: Dangerous, when exposed to heat or flame
(Section 6).

Explosion Hazard: Severe, when exposed to heat or Aame.

Disaster Hazard: Dangerous; on contact with oxidizing
materials, it can react vigorously.

Countermeasures

Ventilation Control: Section 2.

To Fight Fire: Carbon dioxide, dry chemical or water spray
(Section 6).

METHYL ACETATE

General Information

Description: Colorless. volatile liquid.

Formula: CH,CO.CH .

Constants: Mol wt 7308, mp: -98.7°C, lel: 3.1%, uch
16%, bp: 57.8°C. ulc: 85-90, fash p: 14°F, d: 0.92438,
autoign. temp.: 935°F, vap. press.: 100 mm at 9.4°C,
vap.d.: 2.55

Hazard Analysis

Toxic Hazard Rating-

Acute Local: Irritznt .

Acute Systemic: Inzestion 2; Inhalation 2; Skin Absorp-
tion 2.

Chronic Local: L.

Chronic Systemic
sorption 2.

TLV: ACGIH (recommended): 200 parts per million in air;
610 milligrams per cubic meter of air.

Tovnicology: Methyl scetate is narcotic, but is less so than
the higher members of the acetate series. It has an
irritating effect vpon the mucous membranes of the
eyes and upper fespiratory tract, and in this respect
its action is stronzer than that of the higher members
of the serics. The eritant concentration is about 10,000
ppm.

Signs and symptoms are irritation and burning of
the eyes, lachrimation, dyspnea. palpitation of the
heart, and complaints of depression or dizziness.

Fire Hazard: Dangerous, when exposed 1o heat or flame,

Spontancous Heatinz: No.

Explosion Hazard. Moderate, when evposed to heat or
flame.

Disaster Huazard: Danzerous, upon exposure to heat or
Rame; can react sizorously with ovidizing materials,

Countermeasures

Ventilation Control: Section 2.

To Fight Fire: Alcoho! foam, carbon dionide, dry chemical
or carbon tetrachioride (Section 6).

Personnel Protection. Section 3.

Storage and Handling. Section 7.

Shipping Regulations. Section 11.

1.C.C.: Flammablz hiquid; red label, 10 gallans.

Coast Guard Clzsaification; Inflammable
label.

JIATA: Flammahle hquid, red label, 1 liter (passenger).
40 liters (cargo).

lagestion 2; Inhalation 2: Skin Ab-

liquid; red

“53a

General Information
Synonymis: Chloromethane.
Description: Colotless pas
Formule CH,CI.
Constznts: Mol wio 3049, bp.

2% fpr ~91.7°C, Nash p

@20 4 Cautoign temp: 1170 Fovap. do:
Hazard Analysis
Toric Hazard Rating:
al drritant 1: tnhalation 1.
mic Ingestion 3; Inhalation 3.
Local: U. i
:Systemic: Ingestion 2. Inhalation 2.

ACGIH (recommended). 100 parts per mithon in air;
209 rallizeams per cubic meter of air,
i tethyl ehloride has very slight irritant prop- |
id aay beanhaled without noticeabts discomfort. !
It has some narcodic action, but this effect is weaker
e poisoning, chacacter- |
s rare in ndostry. Re
ntrations causes damage
b . and, less frequently, to
the liver. kidaeys, bone marrow and cardiovascular
Hemorrhages into the lungs, intestinal tract |
and dura have been reporied. Sprayed on the skin,
meihyt chloride produces anesthesiy through freezing
ofll’*n Ussue 2y it evaporates
In exposures 10 high

Growsiness, incoordination, confusion, mnausea  and
vomiting, abdominal pains. hiccoughs, diplopia and
ssoof viston are follos ed by delirivm. convulsions
and coma. Death may be inmediate, but if the c\po
sure is not fatall recovery is usually sow. and degencra-
tive changes in the cential nervous system are not un
€O n'non The hiver, Kidneys. and bone marrow mo 1y be
ith resulting acute nephritin and anemia.
l)..nh may oceur several dugs after exposure, resulting
from degencrative changes in the heart, liver and
especially the hidneys, In repeated exposures to lower
concentrations there is usus Hy fatigue, loss of appetite,
muscular weakness, drowsiness, and dimpess of vision

- 23.7°C, fel” 10.7% ucl:
< 32k (0.C). d: 0918
1.78.

Ch:onie
TLV:

than that of chloroform. A
wed by

the parcotic effect,
evposure to low co
ceniral nervous syt

shalem

concentrations,  dizziness,

U S SR S

After effccts are commonly the result of dumase to the
central nervous system, with visual changes and attacks
of depression and ather psychic disturbances being re-
ported. {

Note: Used as a food additive permitted in food for human 1
consumpation.

Fire Hazard: Dangerous, when exposed to heat or fame.

Spontaneous Heating: No.

kxphﬁuon Hazard: Moderate, when exposed 10 heat or

ame. |

|
{
4
{
|
Disaster Hazard: Dangerous; when heated to decomposi |
tion, it cmits hmh!; tonic fumes of chlorides; can react i f
vigorously with oxidizing materials. ;
Countermeasures
Ventilation Control: Section 2
To Fight Fire: Stop low of gas, carbon dionide, dry cliemical
or water spray (Section 6).
Personal Hygiene: Section 3.
Storage and Handling: Section 7.
Shipping Regulations: Section 1.
1LC.C.o Flammabdle pas; red pas label, 300 pounds.
Coast Guard Classification: Inflammabdle gus;
label,
MCA warning label.
TATA: Flummable gas, red label, not acceptable (pas-
senger), 1O kilograms (cargo).

red gas
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APPENDIX I (Cont'd.)

PROPANE

General Information
Synonym: Dimethylmethane.
Description: Colorless gas.
Formula: CH,CH,CH..

Constants: Mol wt: 4409, bp: -42.0°C, lel: 2.3% uch
9.5%, fp: —187.1°C, flash p: —156"F, d: 0.5852 at
—44.5° /4°C, autoign. temp.: $74°F, vap. d.: 1.56.

Hazard Analysis
Toxic Hazard Rating:
Acute Local: 0.
Acute Systemic: Inhalation 1.
Chronic Local: 0.
Chronic Systemic: U.
TLV: ACGIH (recommended); 1000 pasts per million of air,
1800 milligrams per cubic meter of air.
Toxicity: A general purpose food additive (Section 10)
Fire Hazard: Highly dangerous when exposed 1o heat or
flame.
Spentancous Heating: No.
Explosion Hazard: Severe, when exposed to flame,

Disaster Hazard. Dangerous: can react vigorously with
oudizing materials,

Countermeasures

Ventilation Coatrol: Section 2.

~

To Fight Fire: Carbon dioxide, dry chemical or water spray
(Section 6).
Storage ard Handling: Section 7.

|

13,

SULFUR DIOXIDE

General Information

Synonym: Sulfurous acid anhydride.
Description: Colorless pas or liquid: pungent edor.
Formula: SO,.

Constants: Mol wi: 6106, mp: ~75.5°C, bp: 100 C,
d lig: 1434 at 0°C, vap d: 2263 at 0 C, vap. press
2538 mm at 21.1°C.

Hazard Analysis

Tonic Hazard Rating:

Acute Local. Irritant 3; Ingestion 3; Inhalation 3.
Acute Systemic: U,

Chironic Local: Irritant 2; Inhalation 2.

Chronic Systemic. UL

TLV: ACGIN (recommended); § parts per million in air;
13 milligrams per cubic meter of air.

Toxicology: This gas is dangerous to the eyes, as it causes
irritation @nd inflammation of the conjunctiva. It has a
suffocating odor and is a corrosive and poisonous
material. In moist air or fogs, it combines with water
to form sulfurous acid, but is only very slowly ovidized
to sulfuric acid (Section 4). Concentrations of 6 to 12
ppm cause immediate irritation of the nose and
throat, while 0.3 to | ppm can be detected by the averape
individual possibly by taste rather than by the sense
of smell. 3 ppm has an casily npoticeable odor and 20
ppm is the least amount which is irritating to the eyes.
10,000 ppmy is an irritant to moist arcas of the skin
within a few minutes of exposure.

3t chiefly affects the upper respiratory tract and the
bronchi. It may cause edema of the lungs or glottis, and
can produce respiratory paralysis. Councentrations of
< | ppm are believed 1o be injurious to plant foliage.

This material is so irritating that it provides its own
warpiag ©of toxic concentrations. 400 10 500 ppm is
immediately dangerous to life and 50 to 100 ppm is con-
sidered to be the maximum permissible concentration
for exposures of 30 1o 60 minutes. Excessive exposures
to high cnough concentrations of this material can be
fatal. lis tonicity is comparable to that of hydrogen
chloride. However, less than fatal concentrations can
be borne for fair periods of time with no apparent
permanent damage. It is used as a fumigant, insecticide
and fungicide, and a chemical preservative food ad-
ditive (Section 10). It is a common air contaminant
(Scction 4).

Disaster Hazard: Dangerous; will react with water or stcam
to produce toxic and corrosive fumes

Countermeasures

Ventilation Control: Section 2.

Treatment and Antidotes: Personnel who have shown tonic
symptoms when exposed to this material should im-
mediately be removed to fresh air. If the eyes are in-
volved, they should be irrigated with copious quantitics
of warm water. If the symptoms persist, call a physician.

Storage and Handling: Section 7.

Shipping Regulations: Section 1.

1.C.C.: Nonflammable pas; green label, 300 pounds.

Coast Guard Classification: Noninflammable pas; gicen
gas label,

IATA: Nonflammable gas, green label, not acceptable
(passenger), 140 Kilograms (cargo).
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INSOPENLANE

General Information

Synonyms. 2-Methyl butane, isoamyl hydnide.

Deseniption: Colorless hquid with pleasant odor.

Formuta. CH CHCH CHLCH,

Constants: Mai wt 72115, bp: 278°C, fp. - 160.5°C,
flash p < -60 F (C.C). d 0621 at 207/4°C,
autoign. temp 788" F vap press.: 595 mm at 21.1°C,
vap d 235, lel 1A%, uel: 7.6%.

Huzacd Analysis

Toricity - See peatane.,

Fire Hazard. Paghly dangerous when exposed 1o heat o1
lame

Laplosion Hazard - Unknown

Disaster Mazard Danperous. Reep away [rom sparks, heat
or open Namie; can react vigorousty with oxidizing ma-
terials

Countermeasures

Ventitation Conirol: Section 2.

To kight Fite: Foam, carbon dioxide, dry ¢hemical or
carbon tetrachlonide (Section 0)

Storage and Handhng. Section 7,

Shipping Regulations: Section 11

1.C.C: Flammable liguid; red fabel, 10 gallons

Coast Guard Classification: Inflammable hquid, red label,

IATA. Flammable hyuid, red label, | hiter (passenger),
40 liters (cargo).

nPENTINE

“Teneral lnformation
Synonym: Amyl hydride.
Description. Colorless liquid.
Formulas CH(C ) CHL,.

Constants: Mol wto 7205, bp: 36.17C, flash p. <4071,
fp: - 129.8°C, d 0.620 ar 207 /47 C, auloign. temp.
SE8F, vap. press. 400 mm at 18.5°C, vap. d: 248,

fel: 1 8%, uel 78",
Hazard Analysis
Toxic Hazard Rating:
Acute | ocal U,
Acute Systemic: Inhalation 1.
Chronie Local: U,
Chronic Systemic U,
Toxicology: Narcotic in high concentrations.

TLV: ACGHH (recommended); 1000 parts per milhon: 2950

milligrams per cutie meter of i,

Fire Hlazard Hhghly dangerous, when exposed to heat of

lame
Spontancous Heating. No

Eaplosion Hhazard Severe, when exposed to heat or flame

Fxplosive Range 1.4 809

Disaster Hazard. Highly dangerous, keep away from heat,

sparks or open flame; shock can shatter metal con-
tainers and release contents.
Countermeasures
Ventilation Control: Section 2.
To Fight Fire: Floam, carbon diovide, dry chemical or
carbon tetrachloride (Section 6).
Storage and Handiing: Section 7.
Shipping Regulations: Section 11
1.C.C.: Flammable hiquid; red label, 10 gallons
Coast Guard Classitication: Inflammable hiquid, red label.
TATA: Flammuble hquid, red fabel, 1 hiter (passenger),
40 liters (Cargo).

(Cont'd.)
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HENENE-|
eneeal formalion
Synonyrias: Hexene. butylethylene; hexylene
Description: Colorless hquid
Formula CHLOHCH,),CH,
Constants. Mol wt- 8416, mp: -98.5°C, bp: 63.5°C,
fp: —1399°C, Rash p <20k, d 06732 m
207 /47 C, vap. press.: 310 mm at 38" C, vap. d.: 3.0.
Hazard Analysis o
Toxic Hazard Rating:
Acute Local: Irritant 2; Ingestion 2, Inhalation 2.
Acute Systemic: Inhalation 2.
Chrenic Local: U.
Chronic Systemic U,
Fire Huzard: Dangerous; when exposed to heat or flame
(Section 6)
Disaster Hazard: Dangerous, upon exposure to heat or
hame; can react vigorously wath oxidizing matenials,
Countermensures
Ventilation Control - Section 2
Personnel Protection Section 3
Storage and Handling. Section 7.

n EXANE

General Information
Synonym . Hexyl hydride,
Description Colurless hquid.
Formula CH(C ) CH,.
Constants. Mol wi: 86.17, bp 6% 7°C, ulc: 90 95, lel 1.2%,
uel: 7.5%, Ip: - 95.6°C, fash P71, d 0.6603
at 207 /4°C, autogn. temp - SO0 F, vap. press: 100
mmat 1SR Covap 297,
Hazurd Analvais
Toxse Hazard Rating.
Acute Local Jrritant 1.
Acute Systemic Ingestion |; Inhalation 1
Chronic Local: Trentant |,
Chronic Systenie U
Note: Use as a food additive permitted in food for human
consumption (Section 10)
FEV ACGEH (recommended), SO0 parts pee milhion o g
160 malligrams per cubic meter of an
fare Hazacd. Dangerous, when exposed to heat or flame.
Spontancous Heating' No,

Explosion Hazard Moderate, when exposed to heat or
Rame

Disaster Hazard Dangerous: when heated or exposed to
fame; can rcact vigotously with axidicing materials,
Countermeasures

Veatilation Contiol - Scction 2
To bight Fire: Carbon dionide, dry chemical or carbon
tetrachlonide (Section 6)
Personal Hygiene  Section 3.
Storage and Handling: Section 7.
Shipping Regulations Section 11
1 C.CFlammable hiqud, red label, 10 gallons
Coast Guard Classiteation Inflammable hguid, red label.
TATAS Flammable bquid, ved Label, 1 Liter (passenger),
40 hters (carpo)
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EALY L ELLIER

General Information
Synonyms: Sulfuric cther; anesthesia ether, ether; eihyl
ovude.
Description: A clear, volatile hquid.
Formula: CHLOC, 1,
Constants” Mol wt: 7412, mp: - 1162°C, bp: 34.6°C,
ule. 100, lel: 185%, uel. 48%, flash p: -49° F, d: 0.7135
at 20°/4°C, autoign. temp.: 356°F, vap. press: 442
mm at 200 C, vap. d.: 2.56
Hazisd Analysis
loxic Hazard Rating:
Acute Local: Ingestion 2; Inhalation 1.
Acute Systemic: Inhalation 2; Skin Absorption 2.
Chronic Local: U.
Chronie Systemie: UL
TLV: ACGIH (recommended); 400 parts per million in air;
1212 mithgrams per cubic meter of air.
Toxicology: Ether is not corrosive or dangerously reactive.
However, it must not be considered sife for individuals
to inhale or ingest. It is not toxic in the sense of being a
poison. It is, however, a depressant of the central
nervous system and s capable of producing intoxica-
tion, drowsiness, stupor, and unconsciousness. Death

duc to respiratory failure may result from severe and
continued exposure.
Fire MHazard: Dangerous, when exposed to heat or flame;
can react vigorously with oxidizing materials. See cthers.
Explosion Hazard: Severe, when exposed to heat or flame.
Disaster Hazard: Highly dangerous, in the presence of heat
or flame. Sce cthers.
Countermensures
Ventilation Control: Section 2.
To Fight Fire. Alcohol foam, carbon dioxide, dry chemi-
cal or carbon tetrachloride (Sccetion 6).
Treatment and Antidotes, Removal from exposure almost
always produces rapid and complete recovery.
Personal Hygiene: Section 3.
Storage and Handling: Section 7.
Shipping Regulations: Section |1,
1.C.C.: Fhunmable liquid; red label, 10 gallons.
Coast  Guard Classilication: Inflammable  liquid; red
label.
MCA warning label.
IATA: Flammable hiquid, red label, 1 liter (passenger),
40 liters (cargo).

(Cont'd.)
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UYLENE ONIDE

General lnformation

Synonymis: 1,2-Epoxycthance; oxirane.

Description: Colorless gas at room temperature.

Formula. (CH)),0

Constants: Mol wt: 3405, mp. - 111.3°C, bp: 10.7°C, ule:
100, leb. 3.0°%, uel 100%, flash pr <O7F, d 08711 at
20°/20°C, autoign. temp: BO4A"E, vap. press: 1095
mm at 200C, vap. d.. 1.52.

Hazard Anulysis

Tanic Haczerd Ratiag:

Acute Local Treitant 3; Inhalstion 2.
Acute Systemic: Inhalation 2.
Chronic Local: Trntant 2.

Chronic Systenmvic: U.

Toxwology: linitating to eyes and mucous membranes of
respiratory Gact. High concentrations can cause pul-
monary edema.

TLV: ACGIH (recommended); 5O parts per anllion in air;
90 milhigrams per cubic meter of air.

Fire Hazard: Dangerous, when exposed to heat or fame;
can react with oxidizing matenials.
Spontancous Heating No
Explosion Hazard. Severe, when caposed to thame :
Disaster Hazard. Haighly dangerous, upon exposuic to hicat or
flame.
Countermeasures
Ventilation Contral Section 2.
To Fight Fire: Alcohol foam, carbon dionde, dey chiemical
or carbon tetrachlonde (section 6).
Persunnel Protection: Section 3.
Storage and Handhog: Section ;I‘
> g Regulations: Section 11
hhlllzp"(”'l‘vkl lix1\x|mh|u liquid, red Tabel, 300 pounds i cylin-
der, 1Y pounds i other contuncis
Coust Guard Classthication: Intlammable hiquid, red Label.
MCA warning label
IATA: Flammable hyuid, red label, not acceptable (pas-
senger), 140 htograms (cango).
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Geaeeal Information
Synonyms. Duncthylketone: ketone propane; propanane
Description: Colorless hquad, fragrant nunthike odor. - °
Pormula, CHLCOCH
Constants: Mol wt S508, mp -936°C, bp Stdn'C
ule =90 Nashp OB (C.Colel = 26%, uel - 1285 o
0.7972 at 15°C, autoen. temps 10007 E, vap press:
400 i at 39.53°C, vap. 200
Hazard Analysis
Toue Hazard Rating:
Acute Pocals Listtant 1 Ingestion 2, Inhalation 2
Acute Systemic: Ingestion 2, Inhalation 20 Skin Absorp-
tion 2.
Chronie Local. Trritant 1.
Chronic Systemic. Ingestion 1; Inhalation 1 Skin Absorp-
tion 1.
PV ACGHEE 1000 parts per mallion in aie, 2400 nnligeams
per cubie meter of air
Tonicology: Acctene is narcotic in high concentrations. In
industry, no imurious elects from ats use have been re-
ported, other than the occurrence of shin irritations re-
sultng from 1ts de-fatting action or headache from pro-
tonged inhalatwon. A fooud additive peraned in food
for human consumption (Scction 10). A commun air
contaminant Sce Scction 4,
Fare Bazard Dangerous, when exposed to beat or thame
1 aplosion bazad Moderate, when vapor is exposed o tlamie
Disaster Hazard, Dangerous, duc to e and explosion bz
ard can react vigoroustly wath oxidizing materials,
Countermeasures
Ventibation Control: Section 2.
To Fight Fire: Carbon dioxide, dry chemical, alcohol foam
or carbon tetvachloride (Section 6).
Personnel Protection: Scetion 3,
Storage and Handling: Section 7
Shipping Repulations: Scetion 1)L
1CoCo Flammable hgmd, red Label, 16 gallons
Coust Guard Classitication: Inthamnable I'lqnml. red label
MOCA warning tabel
IATA Flammable higued, red Labell 1 hiter (passenper),
40 hiters (cargo)

5 Vo

21,

(Cont'd.)

METHYL ALCOHOL

General Information

Synonyms: Mcthanol

Description: Clear cotorless very mobile tyuid

Formula CH,OH.

Counstants: Mol wt 3204, bp 6457 C, lel 7.3%, uel 36 5%,
fp: —97.8°C, fash po 527k, d 07918 a0 207 /4°C,
autoign. temp.: 8677 F, vap. press. 100 mun at 20.2°C,
vap.d.o Ll

Mazard Anatysis

Toxic Hazard Rating

Acute Local Tratant 1, Inhalstion 1

Acute Systemic: Ingestion 3 Inhalation 2; Shin Absorp
tion 2.

Chronic Local: Teritant | Inhalation 1

Chiosie Systenne. Ingeston 20 Inhalation 2, Skin Ab
sorption 2

TLV. ACGHH (recommeaded); 200 pasts per anilhion 1n i,
262 muhigrams per cubne meter of wr,

Toaicology. Methyl alcohol  possesses  distinct narcotic
properties 1t is abo a shight arritant to the mucous
membranes. lts main toxic eflect s exerted upon
the nervous system, particularly the optic nerves and
pussibly the retinae. The etlect upon the eyes has been
attributed to opuc ncuritis, which subsides but s fol-
lowed by atrophy of the opiic nerve. Once absorhed,
methyl alcoho! 1s only very stowly chiminated. Comia
resulling from muassive exposures miay Last as long as
210 4 days. In the body the products formed by s oxidu-
tion are formaldehyde and formic acid, both of which
are tonic. Because of the stowness with which at s
chnnnated, methyl alcohol should be regarded as a
cumulative poison. Though single expasures to fumes
may cause no harmful cflect, daily exposure may result
in the accumulation of suflicient methyl alcohol i the
bady to cause illness.

Severe cxposures may cause dizziness, unconscions-
ness, sighing  respiration,  cardias depression, and
eventually death. Where the exposure is Jess severe, the
first symptoms may be blurning of viston, photophobia
and conjunctivitis, followed by the development of del
nite eye lestons. There may be headache, gastroin-
testinal disturbances, dizziness aad & feeling of intoxica-
tion The visual symptoms may clear temporarily, only
to recur later and progress to actual bhindness brritation
of the mucous membranes of the throat and respirs-
Wiy tract, penpheral neuntes,  and accasionally,
symptoms referable 10 other lesions of the nervous
systetn have beea reported The skin may become dry
and crached duc ta the solveat action of methy ) slcohol

Methyl alcohol 1s i common air contaminant (Section
4) s used as a food additive permitted in foods for
huinan consumpuion. Section 10,

Fire Hazard: Dangerous, when eaposed to heat or flane.

Spontancous Heating: No

Eaplosion Hazard: Moderate, when expased to ihame.

Disaster Huaeard  Dangerous, upon eaposure to heat or
flame; can react vigorously with oxdizing materials

Countermeasures
Nentilation Control. Section 20
fo Fght Lae Carbon dionde, dey chemical, ot carbon
tetrachlondes (Section 6)
Personnel Protection Secuon 3
Storage and Handhong Secion 7
Shipping Regulations, Sectwon 11
PO O3 lmmable hgud, red Label, 10 gatlons
Comst Guard  Classitication tatlamable hquid,  red
Label
MCOA warming label
INTA Sce Alohol, N O S
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UYL ALConol

General nformation
Synonyms. bihanol, methybearbinolsspinit ol wine.
Desciption ¢ lear, coloiless, tragrant hquid
formula: CHLOM OH
Constants' Mol wi. 3607, bp, I8 32 €, ule 70, leb 4 3%,
uel 195 tp PELL G thsh po > o d 0 7893 at
20 /4 Cooautopn temp 793 1ovap pross. S0 oim
At 19 Covap d ooy,
Hacard \nalysis
Tonie Hazard Ratig
Acute Local bentant |
Acute Systemic lugestion 2, Inhalation 2. Skin Absorp-
ton |
Chromic Local Tontant |
Chrome Systemie lugestion 1) Inhalation 1. Skin Ab-
sotptn | \
1N ACGHT grecommended) 1000 parts per mthon n
are EERO lhiprams per cubue meter of
Yorodogy  The systennc ellect of cihyl alcobol ditters
from that of methyl whoohol Byl alcohol rapudly
onidized i the body 1o carbon diovade and water, and
m contrast o methyt atcohol, no cumulative citect o
curs. Though eyl alcohol possesses nareobic: pro-
perhics, concentiations sufhvient to produce this ellect
are not reached moindustry. Eyposure to concentra-
tons of 5,000 to 10,000 ppm results i irntation of the
cyes and mucous membranes of the upper respiratory
tract. 1 continued for an hour, stupor and drowsiness
may result. Concentrations below LK) ppm usuidly
produce no signs of mtonication. There s no concrete
evitonee that tepeated exposure to ethybalcohol vapor
results i cirthosts of the Tver The mann ellect of ethyl
alcohul iy due 1o its arntant achion on the mucous mem-
branes of the eyes and upper respiratory tract,

I xposure 1o concentrations of over 1OOO ppm may
cause headache, irnitation of the eyes, nose and throat,
and, if long continued, drowsiness and Essitude, Toss of
appetite and imability to concentrate

Pire Hazard. Dangerous, when exposed to heat or flame;

citn react vigorously with oxidizing materals,
Disaster Hazard  Dangerous, when exposed to heat or flame.
Spaatancous Heating No.
Fxplosion Hazard. Moderate, when exposed to flame.
Counte sures
Ventilition Control Section 2
To Fight Fire: Alcohol Toam, carbon diovide, dry chemical
or carthon tetrachtonde (Section 6)
Storape and Handhng. Section 7.
Shipping Repulations: Section VL
1CCo b lammable hquad, red Label, 10 patlons
Coast Guard  Classihication Tnthonmable  higud, red
Libel
MCA warming fabel

I

(Cont'd.)
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{.enem\ Tuforniation

Synonym. 1-Propanol. ethyl carbinol
Description: Clear, odorless liquid, alcohol-hike odor.
Constants: Mol wt: 601, mp 127°C. bp: 92.19°C,
fash p 59 1 (C.C), ule 55 60, d 08044 a1 207 /4°C,
el 2.1%, uel 3.8 autoign  temp. TOOTE, vap.
press. Wmmat 14.7°C, vap 4207
Hazard Analvsis
Toxe Hazard Ratng
Acute tocal Trritant 1 Ingestion |, tnhadation 1.
Acute Systennic: Inhalation |
Chronic Local: UL
Chronic Systenic. Inhalation |
TLV: ACGIH (tentative), 200 parts per mithon; S10 milh-
grams per cubic meter of air.
bire Hazard Dangeroos, when exposed to heat or flame.
Spontancous Heating No.
Eaplosion Hazard Moderate, when exposed 1o lame
Disaster Hazird Dangesous, upon exposure to heat or
e, can react vigorously with ovdizing madernals

Comtermeastires

Personned Frotection. Section ).

Ventlution Control Section 2.

To baght Lire: Alcohol foam, carbon diovide, dry chemical
Lo carbon tetrachlonde (Section 6)

Storage and Handhing. Section 7
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Descniption: Qrganic nitrates are usually termed nitro coin-

APPENDIX

ADDITIONAL SAFETY DATA ON COMPOUNDS LISTED IN TABLE VI

pounds. These compounds are a combination of the
nitro ( NO,) group and sn organic radical. However,
this term is often wsed to denote nitric acid esters of
an organic material. Inorganic nitrates are compounds
of metals which are combined with the mono-valent
“NO, radical. .

T | VAL I

Hazard Analysls
Tonic Hazard Rating:
Acute Local: U.
Aculc Systemic. Ingestion 2; Inhalation 2.
Chronic Local. U.
Chrenic Systemic: Ingestion 2; Inhalation 2.

Toxicology: l.arge amounts tuken by mouth may have
seriqus or even fatul effects. The symptoms sare
dizzincss, abdominal cramps, voimiting, bloody diarrhea,
wenkncss, convulsions and collapse. Small, repeated
doscs may lead to weakness, gencral depression, head-
ache und mental impainment.

Fire Huzard: Moderate, by spontancous chemical reaction;
practically all nitrates arc powerful oxidizing agents
(Scction 6).

Explosion Hazard: Nitrates may explode when shocked,
exposed to heat or flame or by spontancous chemical
reaction (See also explosives, high). All the inorgunic
nitrutes act as oxygen carriers, under proper conditions
these can give up their oxygen to ather materiuts, which
may in turn deionate. For exanple, potassium or
barium nitrute are added to double-base powders for
the purpose of reducing Nash und rendering the powder
more 1gnitable. A further use for these matenials is to
mix them with a smokeless powder which is not com-
pletely colloided, for the purpose of granulation. An
example of such a powder is “E. C. Powder,” used lor
loading blank cartridges and hand greaades. Soduun
and potassium nitrate arc also used in black powder as
the onygen carrier to support the combustion of the
sulfur und the charcoal.

Ammonium nitrate has ull the properties of the other
nitrutes, but is abo able (o detonate by itscll under
certuin conditions. It is thercfore u high explosive,
although very insensitive to impact and ditticult to deton-
alc. In the pure stute, it requires a combination of un
initiator and a high explosive. This combination is
known as a teinforced detonator. Ammonium nitrate
in combination with nitro compounds (such, perhaps, as
trinitrotoluene) forms one of the major high ex-
plosi ¢s for military use. Ammonium nitrate is widely
used also as the chiel component of “mmmonia per-
missibles,” and of “ammonia dynamites’™; ns & com-
ponent of many pyrotechme mixtures; aad in com-
binution with smokeless powder, as a grunular blusting
explosive. It is a relatively safe high explusive which,
however, must be stored in a cool, ventilated place,
away from acute fire huzards and casily ondized
materiuls. Ammonium nitcase must not be contined, be-
cause il a fire should sturt, confinement can cause det-
onation with extremely violent resuits.

Disaster Hazard: Dangerous, due to fire and explosion
hazard. On decomposition they emit tosic fumes. They
are powerful oxidizing agents which may cause violent
reaction with reducing muterials. Nitrates should be
protected carefully us discussed i Jetail in Section 7.

Countermensures

Yentilation Control: Section 2.

Personal Hyglene. Section ).

Storuge and Hundling: Section 7.

Shipping Regulations : Section 11,

1.C.C.. Onidizing material, yellow label, 100 pounds

Coust Guard Clussification: Oxidizing materia!

IATA. Ondizing mauterial, yellow label, 12 kilograms
(passenger), 45 kilugrams (cargo).

CHLORATES, N.O.S.

Ceneral Tiformation
Descripuion Chlorates are a combination of a metal or
hydrogen and ClO, monovalent radical They arce
crystaliine and somewhat deliquesceat
Hazard Analysis
Tonie Hizard Ranng:
Acute Local hratant |
Acute Systemic: Ingestion 2.
Chrome Local: Teatant |
Chronic Systenne: Ingestion 2
Toxwology: The prinapal tonic etfects of chlorates are the
production of methemoglobin i the blood and destruc-

ton of red blood corpuscles The Latter may lead to
iatation o the kdneys. Damage v heart muscle has
been reported i

Fire Hazard Moderate, in contact with flummable matter
When contuminated with oxidizable materials, they
are particalarly sensitive to froction, heat and shodk:
they are powerful oxidizing agents (Section 6) .

Explosion Huzard: Moderate, when shodked, exposed to
heat o rabbed, particatacly when contaninated with
supar,  charcoal,  shelluc,  sulfur, stasch,  sawdust,
sulfunic acud, ammonin compounds, andes, phos-
phorus or antimony sulhide.

Chiorates when mined with combustible materials
may form explosive mixtures. bour istance. potas-
sium chlorate, when mined with sultur or with other
combustible substances explodes on friction. Pure
chlarates which have been spulled oa the Boar, or auxed
with small amounts of impurities, become very seasitive
to shock and frictton. Water 15 considered the best
agent for fighting hres involving chlorates. In the
explosive industey, chlorstes are used as ovidizing
agents in the primer caps 1n combination with mercury
fulminates, phospharus, antunony sultide and other
combustible substunces. They are used in pyrotechnic
mitures, as a compopent of wirplane fares and acrial
bombs. They are also used o5 ¢ component of permissi-
ble explosives. Chlorates are used cxteasively m the
manulacture of chlorate eaplosives. The chiefl constitu-
ent of such an explosive is from 0 1o X0 percent chlo-
rate. This can be the chlorate of ummonium, sodm or
potassium. The other inaredients in such o minture are
combustible matersals, such ns metallic powders, pow-
dered sulfur, powdered charcoul or passsbly mistuses of
orgunic matter. Nitro derivatives of benzene, toluene,
and other aromatic compounds are also added Parathin
may be udded as a desensttizer. Recently, similar nin-
tures were used in Furope but with the addition of small
amounts of nittoglycerln or collodion cotton Chlorate
eaplosises are more sensitive than modern perinissible
explosives, and therefore not as sale s for instance the
perchlorate explosives, or the permissibles. Plastid
nuxtures of  chlorate explosives  (containing  nitro-
glycering are somewhat less pensitive 1o shock and
friction, 10 spite of the rutroglycerin piesent, than the
dryer explosives with no ritroglycering In this case the
nitroglycerim or “explosive oil,"™ @s 1t is known, serves
o wet the rest of the mouxture. Barium chlorate s
shipped and stored 1 wouden boves, barrels, or kegs
It should have isolated storage in o cool, ventilated
place, away from acute fire hazards and should not be
stored in the saime building with combustivle materials,
acids, sulfur, powdered  magnesium or  powdered
alumioum. Examples of chlorates used i the explosive
industiy, would be potassium chlorate, sodwim chlorate
and butium chlorate,

Disuster Hazard: Moderate, shock will explode them, when
heated 1o decomposition, they can enut tonie fumes
and explode, can react with ceducing materrals

Countermeasures

Personal Hygiene Section 3

Storage and Handhing. Section ?

Shipping Regulations: Section 1!

1LC.Co Ondiaing matenial; yellow label, 200 pounds
IATA Ouvidizing material, yellow label, 12 Kilograms
(oasserger), 45 kilograms (vargo)
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NIIRITES ———
Hazard Analysis AMMONIUM THIOCYANATE
| Toxic Hazard Rating: General TafGrination
j Acute Local: U. Synonym: Ammonium sulfocyanate.
Acute Systemic: Ingestion 3; Inhalation 3. Description: Colorless solid.
Chronic Local: U. é"'“’""’: NH,SCN.
NSt S: 7 .
Chronic Systemic: Ingestion I: Inhalation 1. EF "7’352—2’0’] ?‘:J‘S 76.1, mp: 149.6°C, bp: decomposes at
Toxicology: Large amounts lul?cn(ll\) mouth Hll‘ll)' pmldt‘u_'c Hazard Anah;is' ]
nausta, vomiting, cyanosis (duc to methemogiohin Ry 20 e St
| formation) collapse and coma. Repeated small doses D;:;:::.{‘ll’:}:;{;f"’é'jg'”5‘;:‘_[\’:’:“;\5”““0\1
i S-I!u::l-:hl;l;rlg blood pressure, rapid pulse, headache and Countormeastives Yanates. 1
yisug S unces. 5 N a har
: Fire Hazard: Details unknown, They are generally power- Storage and Handling: Section 7. )
{ ful oxidizcrs. In contuct with readily oxidized materials, |
a violent reaction such as a fire or explosion may ea-
! sue. .
! Explosion Hazard: Details unknown. Organic nitrites may
decompose violently.
Disaster Hazard: Dangerous; shock may explode them;
when heated to decomposition, they emit highly toxic :
futiies of oxides of nitrogen; can react vigorously with
reducing materials. ¢ y v ol
('oun(crmc;\:urm THIOCY ANATES
Ventilation Control: Section 2. Hazard ,Tn.'?ﬁ Sis § ) ]
Personnel Protection: Section 3. | Toxicity: \:.Irl:\hk‘. Thiocyanates are not nurm.all) d_:}\v
First Aid: Section 1. i ciated into cyanide; they have a low 2cute toxicity.
Storage and Handling: Section 7. Prolonged absorption muay produce various skin erup-
tions, running rose, and occasionally dizziness, cramps, |
nausea, vomiting and mild or severe disturbances of
the pervous system.

Disaster H;l/.xrj) Dangerous; when heated to decomposi-
tion or on contact with acid or acid fumes, they emit
highly toxic fumes of cyanides.

I Countermcasures
! Storage and Handling: Section 7.
AMMONIUM CHLORIDE :
General Information
) Synonym: Sal ammonia.
3 Description: White crystals.
; Formula: NH,CL
Constants: Mol wt: 53,50, mp: 520" C, bp: 337.5°C,
d: 1.520, vap. press.: I mm at 160.4°C (sublimes).
{ Hazard Analysis
E ! Tovic Hazard Rating:
, Acute Local: Irritant 1: Ingestion {; Inhatation 1.
» Acute Systemic: U. E
Chronic Local: Irritant 1. i
| Chronic Systemic: Ingestion 1.
B Toxicology: A substance migrating to food from packaging |
A materials. Large doses cause nausca, vomiting and |
% acidosis,
3 Countermeasures
! \ entilation Control: Section 2.
Personal Hygiene: Section 3.
b
- -61-
JONIC HAZARD RATING CODE (Fordetoiled discussion, see Section 1)
0 NONE (a) No harm under any conditions, (h) Harmful only ender un- 2 MODERATE May involve both irresersible and reversible changes;
wwal conditions or overwhelming dosage not severe enough to cause death or permanent injury
L 3 HIGH  May cause death or permanent injury afier very shortexposure {
1 OSLIGHT  Causes readily reversible changes which dwappear after end to small quantities

H—— of exposure. U UNKNOWN: Noinforn:ation on humans considered valid by authors




i APPENDIX II (Cont'd.)

ADDITIONAL SAFETY DATA ON COMPOUNDS LISTED IN TABLE VI

POTASSIUM BIFLLORIDE
General [nformation
Synonyms: Potassium acid fluoride; Fremy's salt.
Deseription: Colorless erystals. i
formula: KHEF,. i
Constantss Mol wi: 75,10, mp: decomposes,
Hazard Analysis and Covtermensures
See fluorides,
Shipping Regulations. Section V1. |
IATA (solid): Poison B, poison label, 25 kilograms
(pussenger). 93 Kifograms (cargo).
(solution): Corrosive liquid, white label, 1 liter
(passenger), 20 hiters (ciargo).

AMMONIUM BIFLUORIDE
“General Information i

Synonym: Amumonium hydrogen fluonide.

Description: White erystals.

Formula: NH L FHE.

Constants: Mofwt: ST.05,d: 120 at 12°C/12 C (liguid).

Hazard Analysis

Toxicity: Sce fluorides.

Disaster Hazard: Sec fluorides.

Countermensures

Storage and Handling: Section 7.

JATA: Other restricted articles., class B, no label required,
no limit (passciger), no limit (cargo)

'
'{
E

SODIUNM DIFLUORIDE

General Tnformation

Description: White powder.
Formula: NakF-HF.

Hazard Analysis and Countermeasures
See flworides and hydrofluoric acid. !

SODIUM DEHYDROGEN 0-ARSENATE
General Information =
Description: Rhombic or monoclinic, colorless cryatals QU &
< . pALEL IYDROFLUORIC ACID
Formula: NaH,AsO,-1.0. :Jn“m'r'.:l Information
Constt’ur'\:;:n.\lul \\1 l‘s(l_‘)i_‘ I‘“?:dfl!xo at 100 130°C, Synonyms: Hydrogen fluoride; tuorhydric acid.
p: decomposes at 2 ¥ 280°C, d: 2.53. Description: Clear, colorless, fuming corrosive liquid or gas.
Hazard Analysis and Countermeasures Formula: HF

PEcaEic ompeuc il Constants: Mol wt: 2001, mp: -92.3°C. bp: 19.4°C.
d: 0921 p/liter (gas), 0.957 (hiquid), vap. press.: 400 mm
at2.5°C.

S a - Hazard Analysis
}T” ORIDES - Tovic Hazard Rating:
Fuzard Analysis N Acute Local: Irritant 3; Ingestion 3; Inhalation 2.

Toxic Hazard Rating:

Acute Local: Irritaat 3; Ingestion 3, Inhalation 3.
Acute Systemic: Ingestion 3.

Chronic Local: Lraitunt 1.

Chronic Systemic: Inpestion 3; Inhalation 3.

TLV: ACGIH (recommended). 2.5 milligrams per cubic
meter of air.

Toxicology: Inorganic fluorides arc gencrally highly ir-
ritant and toxic. Acute effects resulting from exposure to
fluorine compounds are due to hydrogen fluoride.
Chronic fluorine poisoning, or “fluorosis,”™ occurs
among miners of cryohite, and consists of a sclcrosis
of the bones, caused by fixation of the calcium by the
fluorine. There may also be some calcitication of the
ligaments. The tecth are mottled, and  there s
osteosclerosis and ostemalacta. The bony and liga-
mentous changes are demonstrable by x-ray.

Loss of weight, anorexia, anemia, wasti and

cachenia, and dental defeats are among tue “ommon
findings in chronic fluorine poisoning. There niay be
an cosinophilia, and impairment of giowth 1 young
workers.

Organic fluorides are generally fess toxic than other
halogenated hydrocarbons.

Common air contaminants (Section 4).

Disaster Hazard: Dangerous; when heated 1o decamposi-
tion or on contact with acid or acid fumes, they emit
highly toxic fumes.

Countermeasures

Ventilation Control: Section 2.

Personnel Protection: Section 3.

First Aid: Section 1.

Storage and Handling: Section 7.

Acute Systemic: Ingestion 3; Inhalation 3.
Chronic Local: frettant 2. 2
Chronic Systemic: Ingestion 2; Inhalation 2.

TLV: ACGIH (recommended); 3 parts per million in air,
2 mithigrams per cubic meter of air.

Toxicology: It is extremely itritating and corrosive to the
skin and mucous membranes. Inhalation of the vapor
may cause ulcers of the upper respiratory tract. Con-
centrations 2t S0 10 230 ppm are dangerous, even for
briel cxposures. Hydrofluoric acid produces severe
skin burns which are slow in healing. The subcutancous
tissues may be affected, becoming blunched and blood-
less. Gangrene of the atfected areas may follow. See dlso
fluorides, It s a common air contaminant. (Section 4).

Disaster Hazard. Dangerous; when heated, it emits highly
corrosive fumes of fluorides; will react with water or
steam 1o preduces tovic and corrosive fumes.,

Countermeasures

Ventilation Control: Section 2.

Personnel Protection: Section ).

First Aid: Section |

Storage and Hardling: Section 7.

Shipping Regulations: Section 1.

1.C.C.: Corrosive liguid, white label, 10 pints.

Coast Guard Classification: Corrosive  liquid; white
|:|l\r|.

MCA warning Jabel

JIATA: Corrosive Liguid, white label, 1 liter (passenger),
S hiters (cargo).




APPENDIX IT. (Cont'd.)

ADDITIONAL SAFETY DATA ON COMPOUNDS LISTED IN TABLE VI

CYANAMIDE
Generat Information
Synonyms: Carbodiimide; cyanogenamide.
Description: Deliquescent crystals.
Formula: HNCNH.
Constants: Mol wt: 42.05, mp: 42°C, bp: 260°C, flash p.
285°F, d: 1.073, vap.d.: [.45.
Hazard Analysis
Toxic Hazard Rating:
Acute Local: U.
Acute Systemic: Ingestion 2; Inhalation 2.
Chronic Local: U.
Chronic Systemic: Ingestion 15 Inhalation il
Toxicology: Does not contain free cyanide. Causes in-
crease in respiration and pulse rate, lowered blood
pressure and dizziness. There may be a flushed ap-
pearance of the face.
Fire Hazard: Slight, when exposed to heat or flame.

Disaster Hazard: Modcrately dangerous: when heated to
decomposition or on contact with acid or acid fumes,
it emits toxic fumes.

Countermeasures

Ventilation Control: Section 2.

To Fight Fire: Carbon dioxide, dry chemical or carbon
tetrachloride (Section 6).

Personal Hypiene: Section 3.

Storage and Handling: Section 7.

ONALATES -

General Information

Formula: Salts of oxalic acid.

Hazard Analysis

Toxic Huzard Rating:

Acute Local: Jrriant 3; Ingestion 3. |
Acute Systemic: Ingestion 3.

Chronic Local: Trritant 1

Chronic Systemic: Ingestion 1.

Tovicology: Onalates are corrosive and produce local irrita-
tion. W hen taken by mouth they have a caustic effect oa
the mouth. exaphagus and stomach. The soluble onalates |
are readily absorbed from the gastro-intestinal tract |
and can catse severe damage to the Kidneys. |

Disaster Hazard: Dangerous: when heated to decomposi- |
tion, they emit tonic fumes.

Countermeasures

Personnc! Protection: Section 3.

Ventilation Contiol: Section 2.
Storage and Handling: Section 7.




APPENDIX III

SUMMARY OF THERMODYNAMIC CONSTANTS USED IN EXPANSION
COOLING CALCULATIONS OF SECTION 2.4.2

at 1l6°C

Substance Cy Gamma
(cal/deg mole at 25°C)

Nitrogen 4.95 1.40

Carbon dioxide 6.92 227

Ammonia 6.57 15,31

Freon-21 11.898 1.180




APPENDIX IV

MATERIALS FOR AMMONIA

H.H. Uhlig, The Corrosion Handbook, The Elec:ro-
chemical Society, Inc., New York, 1948, p. 7%G.

Tasce 12, AMMONIA GROUT

Types of Malterial
‘ : (See p. 753 for sub-groups and further details of composition.)
1. Al and Al-Base Alloys 10. Nickel 10. Silver
2. Iron and Steel - 11. Ni-Cr-Fe Alloy 20. Noble Metals and
3. High-Si Cast Trons 12. Ni-Cu Alloys (>504¢ PTantalum ;
4. High-Ni Cast Irous Ni) 21, Mzand Mg-Buase Alloys
5. 4 to 10% Chromium Steels 13. Ni-Mo-Fe-(Cr) Alloys 22, Ceramic Materials
6. Stainless Steels 1. Ni-Cr-Cu-Mo Alloy 23. Curbon and Graphite
(Martensitic) . 15. Ni-Si Alloy 24. Plasties
i 7.-Stainless Steels (Ferritic) 16. Cu-Ni Alloys (>50% 25. Rubber and Syathetic
t 8. Stainless Steels (Austenitic) Cu) Elustomers
9. Spacial Fe-Cr-Ni Alloys 17. Cu and Cu-Base Alloys
4 (Austenitic) 18. Lead
1
3 Awmnonia and .
4 Ammoniumhydroxide,]  Class A Materiuls Cliss I3 Muaterials Class C Muterials |
b Armmonia Liguors |
S e At |1 e PR | | RSP SR l
Compressed liquid 1; 2; 34, B; 4B, C; 5; 6; $8 7 12; 16 17 i
and gas (Note 1) 7:8;9 (Note 1); 10; 11; |
anbydrous 134, B, C; 1ha: 15; 1y;
g 19 (Note 2): 204, 1, ¢;
y C i A, B, CoD
Moist vapors 1; 45*%, ¢ up to 70° C|2: 3a, 1; 5; 6; 7 48*, clia, vi: 10; 125 15; 16;
Armmonium hydroxide](160° F); 8; 9, 11; 13¢;fabove 707 C (1607 F)[17; 14, (Note 2); 244
14a; 204, 1, ¢; 21; 230 Jup to bop.; 19 (Note 2);laliove 30> C (85° F)
B, ¢, b; 24c, v up tol24r  at room temp.with up to 1055 at all
b.p. 246 and Wl Type temperatures with con- |
25 muaterinla up  tof centrated  gre 24n ]
65° C (1507 ) ahove 30° C (Sa° F). |
Ammonium carbonatelln general, the ratings for sinmoninm hydroxide apply here. Al mate-
Ammonium phosphateleials which me Class A or Cluss C with ammoninm Lydroxide are |
(tribasic) similarly rated with solutions of these salts. NMuaterials which are |
3 Class B with ammoniaum hydrovide may approach Class A with 1
i solutions of these salts. )
(-' Ammonia liquors All materials which are Class C with amwmonium hydroxide are Class {
o - (mixtures of ammo-|C with ammoniz liguors. The A and B ratings for ammonium hydrox-~ |
- nium hydroxide, am-lide and amumonium salts will u=ually apply also, but they should be l
- monium salts, and  |used cautionsly, depending upon the other components.
k= other cotiponents) |
} s 1
F * Preferably Cu-free grade. |
1 Cu-bearing grade. |
Nots 1. All the ratings in thiz Table are based on the assumption that the temperature is
below that ut which diszociation of the pas and pitriding of the metal oceur. |
b Note 2. Silver alloys containing copper are always Class C. Pure Alver resists dry pas |
and aic-free agqueous solitions well, but is attacked vizorously by aecrated salutions and by L
] hot moist vapora. 4
|
) Class A: Suitable for critical parts where very little
dimensional change can be tolerated.

Class B:

Class C:

corrosion can be tolerated.

Not ordinarily considered suitable.

Common use for non-critical parts where some

—




