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v
v D\ Du Pont Comments ; il
H ITC 5th Scoring Exercise I ;44
\ 48 FR 51519 (1983) 04940086

\

en behalf of E. I. du Pont de Nemours and Company
{Du Pont), I am pleased to submit comments on the ITC 5th
Scoring ExeXciSe forthe chemical substance: bromotrifluoro-

methane {CAS 75-62-8)/, 1In addition, Du Pont notes that it
ceased manufacture-5f the following chemicals by 1980:

/ﬁLr?{7 e N,N-Dimethylcyclohexylamine (CAS5 98~94-2) Y Zj%ﬁ
,gqu%Wﬂ’ 1,1'-Methylenebis (4-isocyanotobenzene) (CAS 101-68-8) 2 Aéé;!
'ﬁ,,,,g;@sf 2,6-Di~tert-butylphenol (CAS 128~39-2)
3@»@07@-/1,8~Dihydroxym4,S~dinitroanthraquinone (CAS 81~55-0) /Qﬁxé&ugm
12408 @Y Anthraquinone (CAS 84-65-1) 7
,%:qggaw Anthraquinone, l-amino-2~bromo-4-~hydroxy (CAS 116-§2-5)

Finally, Du Pont will submit additional comments on several
other chemical candidates selected by the ITC. See K. D.
Dastur to M. Greif, 1/13/84 (attached).

“Should the Committee have questions or desirs further
asgistance with this Du Pont submission, please contact me at

302=-774~56443,
) Very tfnly yours,
Bl —
} Marxk H., Christman
MHC s10dm

Attachments



_ BROMOTRIFLUOROMETHANE
| | [R o

(CAS No. T75~63-8)

INITIAL DISCUSSTION

The Du Pont Cewrpany provides the enclosed information
and omments concerning the listing of bromotrifluoromebhane in
the 1983 List of Chemicals Selected for Review by the 'TSCA
Interagency Testing Committee. Du Pont has been a producer of
bromotriflucromethane since the early 1940's and has been a
leader in developing the toxicological and technical data upon
which current uses of the compound are based.

bu Pont recommends that bromotrifluoromethane be deleted
from the 1983 List of Chemicals Selected for Review., The basis
for our recommendation is that the compound exhibits an extremely
low order of toxicity, that occupational exposure iz infrequent
and is limited to a small number of people and that occupational
exposures, other than in fire extinguishant use, are low compared
with accepted long-term exposure standards such as the TLV,

Although concentrations exceeding the TLV are encoun-
tered in fire extinguishant use, exposure is, in such cases, for
a short period of time while the fire is extinguished and occu~
pants are =2vacuated. The exposure levels are, as a result of
system enginvering design, kept at or below levels reccmmended by
the National Fire Protection Association for short-term exposure.
Fire extinguishant releases expose a very small number of people
annually to bromotrifluorcmethane who would otherwise be at a
much more severe risk from the fire or from the need to evacuate
during the fire episode before alternative vapor systems (such as
carbon dioxide) could be actuated. Consideration of a few uses
(See Applications section in Attachment 3) immediately indicates
that the life and property protection value of such sgsteﬁsris'

very large.




To support - our recommendation we have provided infor-

mation in the Technical Data section on the seven topics listed
in the subject Federal Reogister HNotice, based on our estimates of

the total use of bromotrifluoromethane in the U.5, We believe
such information ig of greater value to the Committee than limit-
ing our comments to Du Pont's sales of bromotrifluoromethane,
which would require us to designate these comments as “"Confiden-
tial Business Information." We would be pleased to provide ITC
with any further information, descriptions, or referea.es that
the Committee may need and which are avallzble to us.

Virtually all bromotrifluoromethane utilized in the U.S.
is used for fire extinguishing purposes in enclosed, occupied
areas and/or where high value equipment is installed. Carefully
engineered total flooding systems permit automatic release of the
agent as soon as a fire is detected. The extreme efficiency of
this compound as a fire extinguishant, combined with its
extremely low toxicity, permits rapid fire extinguishing action
(ten seconds or less) without mandatory evacuation of occupants
prior to extinguishant release. Maximum protection of the
occupants from fire and minimal property damage is achieved
simultaneously by use of this unique compound. Bromotrifluoro-
methane is also used to a much lesser extent in portable fire

extinguishers.

When utilized as a fire extinguishant, exposure concen-
trations of 7 percent for up to 15 minutes have been shown to be
safe, permitting the fire to be extinguished immediately and a
subsequent orderly evacuation of the area. If personnel cannot
be evacuated prior to agent discharge, the prompt extinguishment
of the fire insures that people are evacuated in the abssnce of

smoke and other toxic combustion products.




A amall amgunt,(énergércent or less of tota. U.S. uge)
of bromotrifluoromethane is used as a special refrigerant, for
example, in recipracatingrunits designed to produce medium-~low
temperatures ranging down to ~70°F or lower with one or two

stages of compression.

Except when released as a fire extinguishant, emissions
are carefully minimized and exposure concentrations are typically
well below the 1000 ppm TLV for 8~hour/day, 40-hour/week expo-
sure, The very limited use of bromotrifluoromethane as a refrig-

erant insures that a minimal number of workers are exposed,
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Technical Bulletins
1.1 Bromotrifluoromethane Fire Extinguishant
1.2 Bromotrifluoromethane Refrigerant
Material Safety Data Shests
Current Annual Production Pata and Trends

Numbers of Wor' Zis Exposed, Concentrations,
Controls, Use of Open Versus Closed Systems, Etc.

Use Data
Environmental Impact Data

Toxicological Data

Bulletin NFPA 12A: "Halon 1301 Fire Extinguishing
Systems™

Bulletin G~1: "Freon® Fluorocarbons, Properties and
Applications®

Bulletin BR-29E "Du Pont Halon 1301 Fire
Extinguishant" (Technical Bulletin)

Bulletin E~43977 ®Du Pont Halon 1301 Fire
Extinguishant®

Bulletin T-13B1 "Thermodynamic Properties of Freon®
13Bl Refrigerant®

MSDS -~ Halon 1301 Fire Extinguishant

MSDS ~ Freon® 13B1 Refrigerant

"TLVs® Threshold Limit Values for Chemical
Substances and Physical Agents in the Work

Environment....> American Conference of
Governmental Industrial Hygienists (1983-841}).

"Haskell Laboratory Toxicity Review: ‘Halon 13C1.”
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SYNONYMS AND TRADEMARK INFORMATION FOR BROMOTRIFLUOROMETHANE

Bromotrifluoromethane (CBEF3), when utilized as a fire
evi.peishant 18 ramed HALON 1301. The name Halon is not a
*r o ark and dov s ot indicate the producer. Bromotrifluoro-
ne, when vti1lize. as a refrigerant is known as refrigerant
13y you R-13B.), The refrigerant is generally sold under the
producer's trademark, e.g., Du Pont se¢lls Freon® 13b1 '
refrigevrant.

Freon® 135{ re’vigerant is not, therefore, a generic
synonym for bromotrifluoromethane.,

Additionally, the compound may generically be referred
to as fluorocarben 13B1 (FC-13Bl1 or F-13Bl).

- PART I1I

INFORMATION CATEGORIES REQUESTED IN 48 FEDERAL REGISTER 31519

1. Technical Bulletins

3

i.1 Bromotrifluoromethane Fire Extinguishant (Halon 1301)

NFPA 12A: Halon 1301 Fire Extinguishing Systens

This booklet, prepared by the Techanical Committee on
Halogenated Fire Extinguishing Systems of the Natioral Fire
Protection Association, Inc., defines standards for the design,

installation, maintenance, and operation of Halon 1301 fire




axtinguishing,ﬁysﬁemsg' It is the basis on which such systems are
designed and operated in the U.S, (Attachment 1),

G-lt Freon® Fluorocarbonsg, Properties and Applications

This is a general bulletin on the Freon® fluorocarbons
including bromotriflucromethane. The bulletin discusses safety,
physical and chemical properties, applications, and other
information (Attachment 2),

B~29E: Du Pont Halon 1301 Fire Extinguishant (Technical Bulletin)

This bulletin presents technical details on applica-
tions, mode of fire extinguishing action, toxicologiral
properties, safety, and container information (Attachment 3).

E~43977: Du Pont Halon 1301 Fire Extinguishant

The bulletin discusses the chemical mechanism by which
Halon 1301 extinguishes fires, as well as its safety, effective-
ness, toxicology, and system design factors. This bulletin is
similar in coverage to Bulletin 29-E (above) but less technical
(Attachment 4).

1.2 Bromoirifluoromethane Refrigerant (Refrigerant 13B1)

G~l: FfFreon® Fluorocarbons, Properties and Applications
{See paragraph 1.1 under fire extinguishant usej.
T-13Bl: Thermodynamic Properties of Freon® 13B1 Refrigerant
The bulletin provides detailed thermodynanmic daté and

physical properties for the design of refrigeration equipment
utilizing Freon® 13B1 (Attachment b5).




2. Material Safety Data Shéétg,

o Two MSDS are provided: Attachment 6 is the MSDS for
Halon 1201 Fire Extinguishant, Attachment 7 is the MSDS for
Freon® 1381 refrigerant. The contents of the two MSDS are
essentially identical.

3. Current Annual Production Data and Trends

For the reasons given in the initial discussion, we have
provided Du Pont's estimates of total bromotriflusromethane use
in the U.S, rather than specific¢ Du Pon” sales figures for
bromotrifluoromrethane.

The- ¢ are two companies producing bromotrifluoromethane
in the U,8.: Du Pont and Great Lakes Chemical Corporation.
Additionally, material is imported into the U.S. from Japan,
Germany, and France. We expect Korea and the U.K. to start
importing in 1984, The current total market in the U.5. is about
7 million peunds annually, and is growing annually at an average
rate of about Y percent. This includes material fcr both fire
extinguisheant and refrigerant use (See Section £ for use

distribution).

4, Number of Workers Exposed, Concentrations, Controls, Use of

Open Versus Closed Systems, Etc.

4.1 Fire Extinguishant - Production, Shipment, and Storage

Bromotrifluoromethane is manufactured in a closed
system, shipped in compressed gas cylinders, and sold in high
pressure storage containers. Product transfers and handling
operations are carefully controlled to minimize losses. Since
even a small leak would ultimately empty a cylinder or render a
fire protection system inopefative, maintenance programs are

designed to keep leaks to an absolute minimum.




bue to the high cost of Halon 1301 ($6 to $10 per pound
for the end~user), a strong economic incentive exists to prevent

leakage, apart from the maintenance of effective fire protection,

4.2 Fire Extinguishant - End Use (discharge)

We estimate about 700,000 pounds per yearxr are discharged
in the U.8. This is for all purposes - accidental discharges,
tests, and actunl fire extinguishments. The number of individu-
als exposed during these discharges is estimated to be less than
160,

Salesmen demon:trating the product (100 to 200 sales-
people) may discharge Halon 1301 to produce a 5 percent con-
centration into a manned demonstration "pooth® to demonstrate the
rapid fire extinguishing properties znd the safety of bromotri-
fluoromethane. The number of times per year per salesperson is
impossible to estimate with confidence. Based on our experience

we would guess 4 to 6 exposures per salesman per year.,

4.3 Refrigerant Use

Production, shipment, and storage are essentially
idenz.ical to #he¢ use as Halon 1301 Fire Extinguishant (See
section 4.1 above). The quantities used as a refrigerant are
small (See section 5).

FC-13Bl refrigerant is used in sealed equipment designed
for use with the specific refrigerant, Equipment operation is
entirely dependent on maintaining the refrigerart charge in a
sealed system. Venting of refrigerant during maintenance is
infrequent and is kept to a practical minimum and field service
procedures reguire any venting to be to the outside,




4.4 Open Vergsus Closed Systems

Due to the low boiling point of FC-1381 (~72°F), all

uses of FC~13B1 (Halon 1301) are in closed systens.

4.5 Congentrationg

With the exception of actual fire eventsg or accidental
release of Halon 1301 into occupied spaces, or for demonstration
of the safety and effectiveness of Halon 1301, worker exposures
are typically very low, 1 below the ACGIH Threshold Limit
Value of 1000 ppm (610£ mg/m3). In Attachment 8, page 33,

FC-13B1 (Halon 1301) is listed as "trifluorobromomethane".

Fire extinguishant uses can result in brief exposures
{(less than 15 minutes) to concentrations in the range 5-7 per-
cent. Tests on human volunteers have indicated such exposures
are safe and can produce, in the most susceptible subjects,
effects indicating the onset of mild anesthesia. The effects are
sufficiently minor that subjects remain fully capable of exiting
the fire location in ar orderly and safe fashion without assis-
tance. All the minor effects are transient and disappear rapidly
and within about an hour. The chemical is rapidly eliminated
from the body in expired air.
5., Use Datsa

5.1 Use Breakdown

Percent of

*
Use Breakdown U.,5, Use, Lb/¥r Total
Refrigerant < 100,000 ~ 1
Fire Extinguishant 7,000,000 99
Total 7,100,000 100

*pu Pont Company estimates.




5.2 Usge Descripticns

FC-1381 is used as a low temperature vefrigerant. This
use is extremely small (less than 100,000 1bs).

A small proportion of Halon 1301 is used for portable
fire extinguishers, most of which are used in military
applications.

The balance is used in fixed extinguishing systems
(total flooding systems) to protect high value areas, critical
equipment or irreplaceable objects where other extinguishants
cannot be used. FExamples are computer rooms, U.S. Navy ships,
F-14 fighter plane fuel tanks, museums, and “elephone exchanges
(See Attachment 3 for more detail).

Since the product extinguishes fire so quickly (less
than 10 seconds) and is "people~compatible" at fire extinguishing
concentrations, it can be used in areas where other extinguish-
ants (e.g., COZ) would be fatal or could notentially cause as
wuch damage {(e.g., water) as the fire itself,

6. FEnvironmental Impact Data

6.1 Waste Control

For economic reasons (for the end—-user, bromctrifluoro-
methane costs $6 - $10 per pound) wastage is carefully minimized
during manufacture, shipment, storage, and use as a refrigerant.
Use as a fire extinguishant involves discharge to the fire
location, followed by venting of the extinguishant and any

combustion products.

ﬂlg;




6.2 Pollution Potential and Ecotoxicity

Ambient concent.ations of prometrifluoromethane are
extremely low (w1 x 10“12 or 1 part per trilliﬁn#) and many
orders of magnitude below levels at which adverse health effects
are found, The inertness of bromotrifluoromethane results in no
significant degradation in the troposphere and thus the com~
pound is of negligible photochemical reactivity. Due to the
compound's low solubility in water (300 mg/l at 25°C and 1 atm.
vapor pressure, corresponding to an equilibrium water concen-
tration of 0,3 pg/l at a 1 ppt atmospheric concentration), no
significant removal in rainfall occurs, No significant tropo~-
spheric removal processes for the compound are known. For
instance, by analogy with compounds of similar chemical inert-
ness, the reaction rate with hydroxyl radical (the primary
tropospheric scavenging reaction for such compounds) is estimated
to be <1 x 10—16 cm3 moleculewls~ , suggesting a tropospheric
half life >75 years.

6.3 Fraction Released to the Environment and Route of

gnvironmental Entry

There are no significant destruction processes for
bromotrifluoromethane in its use and thus essentially all
material is eventually released. Most releases occur as fire
extinguishant releases., The material may be stored for many
years before release, and release rates are currently much less
than production rates for this reason. Due to the low boiling
point (-72°F) and high vapor pressure, all releases to the
environment occur as vapor releases to the atmosphere. The gas
is essentially insoluble in water and does not contaminate
rainfall.

&

Reference: Table 1-2 in "The Stratosphere 1981: Theory and
Measurements”. World Meteorolcgical Organization/National
Beronautics and Space Administration, January 1982,

~11-




6.4 Environmental Reactions

The only known removal process for bromotrifluoromethane
is photochemical degradation in the stratosphere. Although
stratospheric bromine is expected, on the basis of ¢omputer
calculations, to enter into reactions with stratospheric ozone,
the amount of bromine involved and its effect on stratospheric
ozone are insignificant opposite the various calculated effects .
from chlorine, nitrogen oxides, nitrous oxide, carbon dioxide,
and methane.*

7. Toxicological Data

Bromotrifluoromethane is an inert, nonflammable gas of
extremely low toxicity. The LCgzy for rats, 4-hour exposure, 8
approximately 800,000 ppm. The National Fire Protection Associa~
tion recommends that human exposure to the compound, when used as
a fire extinguishant, should be limited to 15 percent (150,000
ppm) and exposure times be controlled as shown (data from
Attachment 1, page 12A-50).

x4k
7% or less (70,000 ppm) 15 minutes
7-10% (70,000~100,000 ppm) 1 minute
10-~15% (100,000~150,000 ppm) 30 seconds

No evidence of carcinogenic, mutagenic or teratogenic

potential for bromotrifluoromethane has been found in tests.

For instance, see "Protection Against Depietion cf Strato-
spheric Ozone by Chlorofluorocarbons” pp. 195-6, Committee on
Alternatives for the Reduction of Chlorofiuorocarbon Emissions,
NAS, Washington, D.C., 1979. Calculations of future ozone -
depletion have been substantially reduced since 1979,
# .
Normal design criteria for toctal flooding systems t0 extlngul h
most combustible materlals ~ .See Attaohments 3 ané 4).,_ :

7“12? L




The published aud unpublished toxicological literature
on bromotrifluoromethane has been reviewed and listed in our
"Haskell Laboratory Toxicity Review: Halon 1301" (Attachment 9)
which contains 55 references. We can provide coples of any
available reference needed by the Toxic Substances Control Act
Interagency Testing Committee upon request.

BT
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L TABLE OF “FREON” COMPOUNDS

TABLEL ,

o i Motocular Boiling Point
) Praduct Gins - Formula Waight °F e ]
“Freon'* 14 B CFy 58.0 ~19B.3 | ~127.9
“Freon” 23 D CHF3 70.0 ~116,7 ~82.1
“Freon’ 13 c CCIF, 104.5 ~114.6 ~81.4
“Freon" 116 D CF3-CEy 138.0 ~108,8 ~78.2
“Freon” 13810 C CBrfy 148.9 ~72.0 ~57.8
“'Freon” 22 C CHCIF, 86.5 ~41.4 ~40.8
“Freon” 115 C CCIFy-CFs 154.5 -37.7 38,7
“Freon” 12 c CClyF, 120.9 ~21.6 ~29.8
“Freon” 114 c CCIF,-CCIF, 170.9 38.8 3.8
“Freon” 21 D CHCIoF 102.9 48.1 8.9
"Freon” 1112 C CCl3F 137.4 74.9 23.8
“Freon’” 113 C CCloF-CCIF, 187.4 117.6 47.6
S ovasomns Compannd 2] OS0! S

The “Freon” products are organic compounds
containing one or more carbon atoms and fluorine.
Chlorine, bromiue and hydrogen atoms also may be
present. Their principal characteristics include non-
flammability, low toxicity, excellent thermal and
chemical stability, high density coupled with low
boiling point, low viscosity and low surface tension.
A brief discussion of their prope ties and applica-
tions is given on the following pages. Further infor-
mation on specific subjects is available from the
“Freon” Products Division.

II. SAFETY
Although the “Freon” compounds have rela-
tively low toxicities compased with most chemi-
cals, users should be familiar with Section II.

A. Flammability
None of the “Freon’ compounds is flam-
mable or explosive. However, mixtures with flam-
mable liquids or gases may be flammable and should
be handled with caution.

B. Tosiscity j
Potential hazards of fluorocarbons are sum-

marized in Table II. Speczf;c hazards are d;scussed 'TLV for mixtures of compcunds are more ftlﬂy,

' fexplamed in Heference 9.

below.

ﬁgia‘ziw Tgxicity and :
the Threshold Limit ’g’atua

‘A Threshold Limit Value (TLV) has{,’;”
een estabhshed by the American Conference of

Govemmeatal Inciuatﬂdl Hyglemstq (ACGIH} fera

toxic). Where TLV’s have been assigned to indivi-

- made_for temporary -excursions above the TLV.

t;:pmni:éihe!ew 0°C (32°F) may freeze i the skin on

number of compounds in common ure, These values
are “airborne concentrations of substances (repre-
senting) conditions under which it is believed that
nearly all workers may be repeatedly exposed day
after day without adverse effect...TLV’s refer
to time-weighted concentrations for a 7- or 3-hour
work day and 40-hour work week”. Based on both
experiment and experience, TLV’s provide a quan-
titative assessment of the relative toxicity of com-
pounds. The TLV is customarily expressed in parts
per million by volume, abbreviated ppm.

With the exceptions of ‘“simple asphyxiants”
(such as nitrogen) and also carbon dioxide (TLV
5000 ppm, a unique compound since it is a normal
product of respiration), the range of TLV’s extends
from G901 ppm (most toxic) to 1000 ppm (least

dual “Freon” fluorocarbons, all are 1060 ppm.
{8e~ Table V1II on page 9).

Exposure to chemicals should be minimized and
should not exceed the TLV. Sirice the TLV is'a
time-weighwed concentration, some provision is

Details of the TL.V, permissible excursions and the
. Dermal Effects (Skin i"ﬁ?i&gt)

- ingluding Eye Contact : e
ngziid fih{frncafbons mth b{sﬁmg

sing ffcstrbﬁ%. Sm%sbl




: ’! A%La 1% ,
Paienisai Hazardﬁ of Fizzc:mcﬁrhqﬂv

. Conditien

Pat@ﬁtie Hazaﬁi

" Safeaunrd

Vepors inay decompose in flames ot in

conisct with hot aurfaces, producis.

Vapors are 4 1o § times huavier than air.

High concentmations may tend to bo {atal,
aceumulate in fow places,
Delitisrate inhalation to producs Can ha fatal,

intoxication.

Soma fluoracarbon liquids tend to
remove natural oils from the skin,

Lower boiling licuids may ha splashad
on skin,

Liguids may be spleshed into eyes.

lrritation of skin,

Freezing.

Contact with highly reartive metals,

mhalatmn of toxit dswmpc:snmn

inhalation of concontrated vapois ton

Lower bolling liquids may cause freezing,
Higher boiling liquids may cause tampor-
ary irritation and if other chemicals are
dissolved, may cause serious damaga.

Violent explosion may oceur,

Good veptilation, frritant decompasition
progducts sarves as warning agants.

1 Avoid nisuze,

 Farced-airventilation at the Juval of
vapor,

Use hroathing devices with aiv supply.

Use lifslines when entering tanks or other
conflusd arsas,

a not administer epinephrine or other
similar druge,

Usa glavas and protective clothing,
Use gloves and protective clothing,

Wear eye protection, Get medicsl
attention. Flush eyes for several minutes
with runnirg water,

Test the proposed system and take
appropriate afety precautions,

and clothing give insulation protection. Eye protec-
tion should be used. In the event of frost-bite, warm
the affected area quickly to body temperature, Eyes
should be flushed with water copiously. Hands may
be held under armpits or immexsed in warm water,
Get medical attention promptly,

Fluorocarbons with boiling points at or above
ambient temperature tend to dissolve protective fat
from the skin, leading to skin dryness and irritation,
particularly after prolonged or repeated contact.
Such contact should be avoided by using rubber or
plastic gloves. Eye protection and face shields shiould
be used if splushing is possible. If irritation occurs
following accidental contact, seek medical attention.

iil. Oral Toxicity

Fluorocarbons have low oral toxicity as
judged by single dose administration or repeated
dosing over long periods of time. When “Freon”
11 and 114 were fed to rats and dogs for 80 days,
there were no adverse effects relative to nutritional,
biochemical, hematological, urineanalytical, or
histopathological indices, even at the highest dose
levels tested. A two-year feeding study on “Freon”
12 resulied in: similar findings, In addition, there

were no adverse effects of “Freon” 12 on muta-

genic, tezatagemc oy t}-ree genemtxon repmductwer
indices. :
However, dzreet czmsaci; of Lqm& ﬂusmcaﬂmnb

“Freon” 11 (B ? 23, SC’C) éﬂ(‘i 13- (B.P. 47.6

like many petroleum distillates, are fat solvents and
can produce such an effeet. If products containing
these fluorocarbons were accidentally or purposely
ingested, induction of vomiting would be contrain-
dicated,

iv. Central MNeywous System (CNS) Effecss
Inhalation of concentrated vapors of
the fluorocarbons can lead to CNS effects compar-
able with the effects of general anesthesia. Symp-
toms, as the extent of exposure increases, are ini-
tially a feeling of intoxication, followed by loss of
coordination and unconsciousness. Under severe
conditions, death can result. If these symptoms are
felf, the exposed individual should immediately go
or be moved to fresh air. Medical attention should
be sought promptly. See also 1Lb.v.—Cardiac Sen-
sitization (below). Individuals exposed to fluoro-
carbons must not be treated - with adrenalin
{epinephrine). ,
v.. Cardiac Sensitization ,
In common with a number of volatile,
water-insoluble organic hqmds, fluorocarbons can,
in sufficient vapor concentration,. pmduce cardiac”

sensitization. Cardisc sensitization is a ssﬁaztzgzueﬁ A
. of ‘the hewt to gzz’rena!me brought about. b .
 posure to high  concentzations of organic'v
: "}Umiei‘ ecnéstxeﬁs z}f ﬁuzficxenﬂy severe
~with lung tissue (aspira mn) can result in chemical

ppeumo"ntas, pujmsnmj edem&, and. hemﬁrmage; T
°C)




'piayst ﬁtré%s, i‘rzg,ﬁat, paam J,c (ifefemnn iO}‘

Buch eardine arthythmisg may result in ventricular

fibritlation and death. As indicated in 11, b.iv. abovs,

exposed individuals should go or be removed to
fresht aiy prompily (where the hazard of cardisc

effects wiil rapidly decrense). Prompt medieal ox-

smination and observaticn should be provided fol-

lowing accidental exposures, A worker adversely

affocted by fluorocarbon vapors should not be

treated with adrenalin (epinephrine) or similar

beart stimulants since these would increase the rigk
f cardiac archythmias,

C. Thermal Decomposition Products

Fluorocarbons decompuse when exposed
directly to high temperatures. Flames and electrical
resistance heaters, for example, will cause pyrolysis
of fluorocarbon vapors. Products of this decom-
position in eir include halogens and halogen acids
(hydrochloric, hydrofluoric and hydrobromic), as
well as other irritating compounds. Although much
more toxic than the parent fluorocarbon, these de-
composition products tend to iwrifate the nose,
eyes and upper respiratory system, thereby pro-
viding a warning of their presence. The practical
hazard is relatively slight since it is difficult for a
person to remain voluntarily in the presence of
decomposition products at concentrations where
physiological damage occurs.

When such irritating decomposition products are
detected, the area should be evacuated, ventilated,
and the source of the problem corrected.

Such thermal decomposition products cen he
formed when vapors are drawn through lighted
tobacco. Smoking should not be permitted in the
presence of fluorocarbon vapors.

D. Major Spills and Vapor Releasss

Although the toxicity of fluorocarbons is
low, the possibility of serious injury or death ex-
ists under unusual or uncontrolied exposures orin
deliberate abuse by inhalation of concentrated va-
pors. Since fluorocarbon vapors are more dense than
air, high concentrations may form in low-lying areas
and persist under poorly ventilated or still air con-
ditions. Personnel should be immediately evacuated

from enclosed areas in the event of a large spill or-
leak, and not return until the contaminated area has -
been well ventilated. For “Freon” 12, the Threshold-
Limit Value (TLV) corresponds to approximately =

one-third of a pound of “Freon”” 12 vapor per 1600
cu. ft. of air (about B grams/cubic meter)

' Iﬂ i’%ﬁ?‘:‘i%;‘ﬁsi ﬁsféf} Ei%’«f?:?ﬁi{?ﬁ%i PROPERTIES

b Fhysical Proparties

7 - The uausual combination of physical prop-
“eriies found in‘the “Freon” compounds is the basis
for their applicatior and usefulness. Uses and a sum-
mary of physical properties are given in Tables VI
and VI (pages 8 & 9). Typically, the compounds
have high molecular weight in relation to the boiling
point, low viscosity, low surface tension, and low
latent heuts of freezing and vaporization. Low con-
ductivity and good diclectric properties are also
found. Additional detaiis on thermodynamic prop-
erties of individual “Freon” compounds are avail-
able on request,

B. Chemical Proparties
i. Thermal Stability
The hazards from the thermal decom-

position of fluorocarbons are discussed in Section
11.C, page 4.

The “Freon” fluorocarbons will not decompose
by the application of heat alone except at very high
temperatures, Table III lists the temperatures to
which various compounds were heated to obtain
measureable decomposition rates. Shown also are
the temperatures at which decomposition rates are
calculated to be 1% per year. The latter can be con-
sidered to be the temperature limits imposed by
the inherent stability of the molecules.

TABLE 1H
Fluorocarbor Decomposition Temperatures

Decompasition Temperaturs®
Fluorocarbon iLab Test** 1%/yeart
“Fraon” 11 530°C (1160°F) [>300°C (>570°F)
“Freon” 12 760°C (1460°F) |>480°C (>900°F)
“Fraon” 13 840°C (1560°F) |>535°C (>1000°F)
“Freon” 22 425 °C (800°F) | 250°C (480°F)
“Freoan” 114 | 530°C (1100°F) | 375°C (710°F)
“Freon” 115 625°C (1160°F) 390°¢ (?fiﬁ° F}

*For the purs rsmpound {in the ahsan\.s of air}

**The descompuosition rote at this terrerature is of the order
-of 1%/minute, Tastg were run'ing  stinum tubss and, ex-
cept for "Freon’ 11, représant h-.mc@p ous d%"‘;&i’x‘si}ﬂii-

- tion raies {no wall sh‘ect) PR

'TTheqn ttnnaratures wore comgutad i*,- gxtr«;}eﬁ mg :i%-ée"

high tempara‘cure rma dma L

Eﬁxagency access to aress wnta‘mﬁg E’ngn cx:m--?'—: s

centrations. of ﬁacra{:afbcns (e, g.; into a vapor

filled storage tank) requires the use of seif@on%am@é

’31eat}:tmg e;;pazatus a.nti ezpsﬁeaced sL;“Wzswn




alr, moisture, metallic and plastic construction ma-
terials, lubricating oils, ete. ), chemieal reactions may.

oceur between the fluorocarbon and the vther ma-
terial. These procead ut temperatures lower than the
values showr in Table 1. Also, the products of reac-

tion are different, The temperatures al which signi-

ficant reaction oecurs and the reaction products will
be different for each material; therefore, no simple
genexalization can be made regarding the stability of
“Freon” fluorucarbons in combination with other
materials. Some important specific cases are con-
sidered below.
a. Air

No evidence for interaction of fluor-
ocarbons with air has heen found in the wide variety
of uses that fluorocarbons have been put to in the
past several decades. The only exception is expostre
of fluorccarbon-air mixtures to extreme tempera-
tures suchk as flames (where temperatures are up-
wards from 1650°C [3000°F7) or electric resis-
tance heaters (where temperatures will be over
700°C [1300°F] if the wire is red hot). The reac-
tions that osceuy here were discussed in Section ILC.

b. Water (Hydrolysis)

The perhalogenated *‘Freon” com-
pounds do not hydrolyze in the normal sense to
carbonic acid derivatives. Rates of hydrolysis in
pure water are too low to be measurable, being less
than 0.1 grams/liter of water/year at 25°C (77°F).

hons with lubricating oils has been amply demon-
slrated by their successful use for many years in

¢. Lubricating Olls (Hydrocarbons)
- The stability of “Freon" fluorocar

refrigeration systems. In small hermetic systerns
where “Freon' 12, “Freon” 22, and *Freon’ 502%
are used, oil-fluorocarbon mixtures are exposed to
electric motors opsrating as high as 107°C (225°F),
At the discharge valve of the compressor, mixtures
of Auorccarbon gas and oil mist vaay be at temp-
eratures of 177°C (360°F) and higher, but the
exposure time is hrief. Table V lists the suggested
maximum temperatures for continuous exposure
of various “Freon” fluorocarbons In contact with
oil and metals.

If the stability limits are exceeded, 8 chemical
reaction oceurs hetween the refrigerant and the oil,
For some fluorocarbons, such as “Freon’ 12 and
22, the reaction is believed to involve the inter-
chenge of a chlorine atom from the fluorocarbon
with a hydrogen atom from the oil. The resulting
chlorinated oil may break down to hydrochloric
acid and unsaturated oil which, in tum, may poly-
merize to a degraded oil and ultimately a sludge.

*Azeotropic mixturz of “Freon’ 22 and “Freon” 115.

TABLE IV
Hydrolysis Rate in Grams/Liter of Water/Hour
Saturated Conditions at 26°C (77°F)

The presence of oxidizable materials can enhance o 10%
the apparent hydrolysis. s céiu;n Hy roxide

Hydregen-containing “Freon' 21, “Freon” 32 Compound in Water Only Solution
and “Freon” 23 hydrolyze at rates proportional to - . - 2 3
the concentration in solution and the hydroxyl ion Freon” 21 | 1.92x 10 4.3%10
concentration, Table IV gives the measured hy- “Ereon’’ 22 1.40 % 106 2.2y 107
drolysis rates in sodium hydrozide solution and “Freon” 23 3 5 10°10 1.6 x 107
extrapolated values in pure water.

TABLE V

Thermal Stabilities of “Freon” Compounds

Paxinunm Temparature
for Continuous Exposure
in the Prezenca of O,

Décompeotition Rate
&t Z04°C (A00°F) in Seegl,

-{a} no olt.presant - -

_ Compound Formuls Steal and Coppar, °C (°F) Parcsnt/Year fa)
“Frgon’ 11 CCls¥ , 107 (225) R
“Freon” 113 CCLF-CCIF, 107 (228) | 6
“Freon” 12 - CCIaF o 21 (280) | - o<l
“Freon” 114 - COIF,-CCIFp 12t @0y L 1
“Freon” 22 COCHGIF, 149 {300) | b
“Freon” 13 _ ooty | >1a9pa00)

(bl normessured
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' Most of the mmmmxly u.séd earz~
struction metals—such as stesl, cast ivon, brass
copper, tin, lead, a}mmmz.nwr'an be uged. satzsi}w-
torily with the “IFreon” compounds under normal
conditions of use, Athigh temperatures, some of the
metals may act a8 cafalysts for the breakdown of
the compound. The tendency of metals to promote
thermal decomposition of the “Freon” compounds
is in the following general order:

Lenst decomposition: Inconel <18-8 stainless steel
<nickel <1340 steel < aluminum <copper <bronze
<brass < silver: Most decompaosition

"This oxder is only approximate and exceptions may
be found for individual “Freon” compounds or for
special conditions of use.

Magnesium alloys and aluminum containing more
than 2 percent magnesium are not recommended
for use in systems containing “Freon” compounds
where water may be present.

Zine is not recommended for use with “Freon”
11 or “Freon” 113. Experience with zinc and the
other “Freon” compounds has been limited and no
unusual reactivity has been observed. However, it
is somewhat more chemically reactive than other
common construction metals, and it would seem
wise to avoid its use with the “Freon” compounds
unless adequate testing is carried out,

Metals which may be questionable for use in
applications requiring contact with the “Freon”
compounds for long periods of time or unusual
conditions of exposure, however, can be cleaned
safely with “Freon” solvents. Cleaning applications
are usually for short exposures at moderate tem-
peratures.

Halocarbons may react violently with highly reac-
tive materials such as the alkali and alkaline earth
metals, sodium, potassium, and barium, etc., in
their free metallic form. Materials become more
reactive when finely ground or powdered, and in
this state magnesium and aluminum may react with
fluorocarbons, especially at higher temperatures.
Highly reactive materials should not be brought into
contact with fluorocarbons until a careful study is
made and appropriate safety precautions are taken.

chmaaieb;kig with Plastics
A brief summary is given below.

Differences in polymer structure, molecular weight,

plasticizer type and content and temperature may
result in significant changes in the resistance of

plastics to“‘Freon” campmmdg‘ Thus, commt&bﬁ;iy
tests should be made for specific ngphc;ztmﬁs, e

ﬁSS P?ﬁsi’ié«ﬁ'*€jﬁn§‘idemb§€ ¥aﬁaﬁzga m részstancéf

. ,cgmneuﬁds but highly &
 tubing for ima%c&r&an ﬁz’fﬁce fszirz. an
tective cave smg, R

'wzih specific formulations m{i Cﬁfs,;ui testing

is required,

Acetal Resing—-Bulisble foy use with “Freon”
compounds under most conditions,

Acrylic Fiber (polyacrylonitrile)—CGeneyally suit-
able for usa with “Freon” compounds.

Acrylic Resin (methacrylote polymersy—May be
dissolved by “Freon” 22, but is generally suitable
for use with “Freon” 12 and “Freon” 114, parti-
cularly for shorb exposures. On long exposure,
cracking and erazing may occcur, and the plastic
may become cloudy. UJse with “Freon” 113 and
“Freon” 11 is questionable and should be carefully
tested.

Cast resing are usually significantly more resis-
tant than extruded resin,

Cellulose Acetate and Cellulose Nitrate—Gener
ally suitable for use with “Freon” compounds.

Epoxy Resins—Highly resistant when cured and
nogmally completely suitable for use with “Freon”
compounds.

Nylon—Generally suitabie but may tend o em-
brittle at high temperatures in the presence of air
or water. Tests at 121 °C (250°F) with “Freon’ 12
and “Freon” 22 indicated the presence of water or
alcohol to be undesirable. Testing required, parti-
cularly for high temperature service.

Phenolic Resins—Usually unaffeeted by “Freon”
compounds. Resins of this type encompass a wide
range of compositions, and testing is recommended.

Polycarbonate Resin—Usually undergoes consid-
erable swelling and extraction. Not recornmended.

Polychlorotriflucroethylene—Slight swelling, but
generally suitable for use with the “Freon’’ com-
pounds.

Polyethylene and Polypropylene—Ususlly suit-
able for room temperature applications. Resistance

to “Freon” compounds becomes more variable as -
temperatures are increased.

Polystyrene—Considerable variation in resistance

~ is found. Some applications with “Freon” 114 may.
" be satisfactory. Generally use with “Frecn” com-
. ‘pounds i5 not- s‘;tbfactozy Careful testing is ve-
“guired. CGenerally lezs suitable fﬁ’f use ‘:%azh ﬂgaze:;» i
o -carbms than ABS pl@st;ca* .

Pafyum ys’ f;leﬂfioé-'NQf azzsctsé D;g : Fﬁ,a’x :
ensitive to water. ﬂﬁ'{a z%;' :




:i’ﬁal;}f;}s’?zyf Chloride and Other Vinyt I?Iaéticg;IiQ .

sistance to- “Freon" compounds depends on the
V:z}yi type and the amount and fype of pf&‘ihf‘lﬂﬁx‘
Pesting required.

Silicons  Resin—~Genevally extun&wely av.vc:iim
Not recommended.

TFE- Fli;wagarbfm Resin—No swolling obgerved
In *Freon” liquids, but diffusion through the resin
occurs with “Freon' 12 and *Freon” 22,

f. Compatibitity with Elastomors

Considerable varistion is found in
the effect of the “Freon” compounds on elasto-
mers depending on the particular compound and
¢lastomer type. In nearly all cases, a satisfactory
combination can be found. In some instances, the
presence of other materials such as oils may give
unexpected results, so preliminary testing of the
system is recommended.

Comparison of the linear swelling of elastomers
often provides an indication of their suitability for
use with the “Freon” compounds. Such a compar
ison is given in Table V1.

Swelling tests wern conducted by mimersmg the

- e!iiﬁtﬁmfzf% in the liguid-until gaasizbmum OF Tmaxi-
-mum swelling was yeached. Flastomosy

which swell
excestilvely- are not f{‘*éﬂrﬁmfﬁded f()l‘ applications
requiring long exposure. In many cases, however,

_ paris containing such elastomers can be cleaned

safely with “Freon”
rolativaly short.
Additional data are availablei

solvents when the exposure is
n our Bullelin B12A,

€. Bolubility Propsartiss

The solvent power of the “Freon” com-
pounds varies from poor for “Fréon” 115, “Freon”
114 and “Freon” 12 to faidy good for “Frean” 11,
“Freon” 21, “Freon” 22, and “Freon” 113. Typi-
eal non-polar liquids, the fluorocarbons are good
solvents for other non-polar materials snd poor
solvents for polar compounds. The solubilities of
water in “Freon” compounds and of “Freon' com-
pounds in water are low. Lubricating oils are gen-
erally miscible with “Freon” compounds at room
temperature, although separation may occur at low
temperatures. Water solubility, Kauri-Butanol (KB)
values and solubility parameters (§) are shown in
Table VIIL.

TABLE VI
Swaelling of Elastomers by ""Freon” Fluorccarbons and Other Compournds
Percont Incresse in Length at Boom Temperature
Buna N Burna § Butyl
Neoprene | (butsdiene/ | {butadiens/ | (isoprene/ | Polysulfide Maturel
Product GN acrylonitrife) styrens} | isobutyiens) Type Rubber
“Freon” 11 i7 & 21 41 2 23
“Freon” 12 0 2 6 1 g
“Froon” 13 it 1 i 0 0 1
“Freon” 21 28 a8 49 24 28 .34
"Freon” 22 2 26 4 1 4 6
“Freon” 113 3 1 9 21 i 17
“Freon” 114 { 0 i 2 0 2
“Froon” 116 g ] -0 0 i}z g -
“Ergon” 502 1 7 3 1.8 i.8 4
“Fraon” 13B1 2 i 1 -2 7 ] A
Mothy! chigride o2 35 20 16 i1 o
Methylena chloride B R 52 26 23 59 =8
Hathyl chisroform 54 n 44 -3 12 ,}
1, 1-trichioroethane) ; : ‘
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“Fraon” 23

“Componsnt of “Fraon” 503
areotrapals)

"Fragn” 13

Spaclalty low tomperature
applications, utually in “coscode”
systoms.

““Freon” 116

r— .

Diglectric fuid

“Fraon” 1381

Intermadinte batwean “'Freon” 13
end “Fraan” 22 for medium 10 low
tamperaturg applications, Not
uxtensivaly used,

Efficiant fira extingulthant

{Hslon® 1301) ezpecisliy suited for
sirtomatic protection of materisls
subject to water damags and of arses
occupied by personnsl,

"Freon” 22

Houssheld and commarcia)
tafrigeration and alr conditioning
applications. Permits use of smaller
equipment. Component of
azootropesial,

“Freon” 1 15

Used as an azeetrops component in
*Froon” 502(al,

Accepted as & food propellant by the
FDA, this material is wall suited for
food ssrosols and finds use in fat
smuision food whips. Good foam

_ stability with absenca of ador or taste,

Bigtactric fluid, an economic
replacemant far “Freon” 116 in
most dielectric applications.

'!Freonli ‘2

Most widely usad rafrigerant in
hisusshold, automativa and
commercial vefrigaration and air
conditioning systsms. Also as a
companant of azeotropesie) and,
in high purity form (“Frean”
freezant} approved as a direct
contact freezing agent for foods,

Most widely used high-pressure
propeliant for non-food use. Blends
with “Freon” 17 and “Freon” 114
arg widely uzed.

Blowing agant for foamed plastics
applications(d). Diglectric gas.

“Freon” 114

in larga industris! procass cooling
and air conditioning systams using
multi-stage cantrifugal compressors.

Low pressure propeliant, alternative
to “Freon” 11, having poorer
solubility propertiss and fess odor,
Especiaily used in personal products.

Blowing agent for foamed plastics.

“Freen” 21

rm—

Haat transfer fluid,

“Fragn” 1%

Widaly ussd in centrifugal
comprezsois for industrial and
commerciel air conditioning systams
entt for industrisl cocling of process
vater-or bring. Low viscosity and
freozing point permituse asa
lovr-tamparsiura cooling liguid,

Most widely used low pressurs
propellant for non-food use, Dess
not provids sdequate prossure elons,
30 is almaost entirely used in blends
with-"Freon” 12(c),

Occesionally uzed a3 a solvant
{“Freon” K1F). Blowing agant fer
foarsd plasticeld).

“Fraon” 113

In cormmercial and industial air
conditioning and procsss water or
bring chilling using centrifugs!

-comprazsors, particulady in smsll

tonnagz epplications,

Solvent in some asrosol formulations,
ususlly propelled with “Freon” 12

Extensivily as o selvent{"Frzon” TF)
slone end in speeial purnos

- formulstions for & wide rangs of

critical eleaning adads. In utting

 fluid formulations, Vaciena
~dry-cloening, ete.” - }

(a} A ﬂ&;’?’b&l’ of sZevtrogas {“Freon™ 860, "Frean® 02, em.) drg a-fanr-b%s for l’%fﬂg&}feﬂdﬂ t.zfts. Su! ctir:s *:*aﬁcnb!ng ﬁ‘za cg;m sitlon,
proparties and usey of theze mintures are "vaiiab!a on requast,. | )
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{c} "Freon” 11 8ls stgbilized grada frequently usad m fs}ms,z!sttav emmniﬁg swsh is OF water. . - T : 3
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HREG 1. }'?'ﬁ?%” 13 %ﬁgﬁf 1581 ’%ggfﬁ 1
Chapaleal Fonmuly CoLF -~ CCoE CCIF, CBrF, Cre
Maleedlar Vielght 13147 12082 10446 48952 88,00
Baliing Polet ot 1 ates o 93,92 ~29,79 81,4 5175 ~121.85
e ¥ o7 =21.62 <1145 7195 19832
Freozing Pult °g 111 ~158 —~ 151" 165 - 184*
_ o °F - 168 282 294 ~210 ~259
Critlea) Yempsratorg *G 1880 3120 284 51.0 —~&5.67
, o 3884 2336 839 1626 ~£0,2
Critleal Prosspre #lm 43.5 406 38.2 301 368.95
o ts/epinabs| 6395 5369 561 575 5432
Ceiieal yoluma /e 247 217 - 181 200 141
, o ft/1h 0.0269 0.287 0.0217 00215 0.0256
Critical Banghly 74 0.564 0,558 0.578 0.745 0,576
Ihasea ft 346 348 36.1 465 3506
Donsily, qut! g/cs 1.476 1.311 1.298 —~30%0 1.53% 1 3%7 @ -~ 8020
at 25°G (77°5 ha/en $2.14 81.84 81.05 @ (—22°F) 98.01 8221 % (-~112°F)
s% 54.5°C (130°H) g/ee 1.40 1.19 1,24
] ibs/ey it 8740 74.28 7741
Bansity, Sat'd Vapor i 5.86 6.33 7.01 8.71 .62
at Bolling Polnt tha/eu R 6,367 0.395 0.438 0.544 0.476
Sp(a;:{lﬁi !é?i' Et;a)u!d 17(a) (°C) 0.208 0.232 306°C 0.208 — 80
sst Canac [ ° , . ~30° : .
st 25°C (77°F) Btu/(ib) (°F) 047 @ (_3p0p 0283 @ y1zep) |
Speciflc Heat, Vapor, 2
&t Const Prassz:ra {1 atm) cal/ip) (°C) D142 28°C
at 25°C (77 Blu/(iby (*5) @ {106°F) 0.145 0.158 0.112 0.169
Spacific Heat Rsﬁa of Yaper
at 25°C and 1 atm Co/Cy 1137 @ 38°C
' (100°F) 1.137 1.145 1.144 1.15% S
Heat of Veporization ezl/g 43.10 39.47 3547 -28.38 3248 =%
&t Beiling Polat Btu/ib 77.51 71.04 63,85 51.08 58.48
Thermal cﬁdw‘ﬁvﬁy 8t 25°C (77°F)
ma/(hr)( ) (°H
0.0506 0.0405 0.0183 0.0234 0.033 —73°G
E’sp@r (¢ sim) 0.0045% 0.00576 0.06538 0.00534 @( 1n0°h
(Bate from ASHREAE In most esias) 0.00512 =
Viscoslty at 25°€ (77°F) - ‘
a0 s e B B B A A )
apor {1 & P X ;
(D2ls from ASHRAE In mest cagse) 7 0.0145 0.0172
Surlecs Tenslen &t 25°C (77°F) 18 9 —F3C 4 —713°C
gynez/em 1 @( 100°F) ‘e {—165°F)
Refrasﬁva Index of Uguld 1373 12487 —73°C 1.238 —-73°¢
S Indax of Ug 1198 & Jooep) > L1151 @ ( Tjoaep
Relsthva Melectile Strangth® of Vepor et L atm N 246 1.65 183 105
end 23°0 (i’i'?} (strogen =1 : -
Blstectris Constant : E .
Liguid 2.28 & 28°¢C 213 @mel .. R S
‘éég%r ) 10036 @ 23°C% [1.6032. . 1.0024 ¢ 29°C 10012 & 255%C
Solubiiity of “Freen”™ In Watar B (AR IEI TR S R o : Lo o
&t 1'gim amd £5°C (77°F) W% 011 0.028 0,600 ,{!.(33 R AR )
Solubilly of Waler In “Fest ' : ST o Nawes o 2%l -
& 25°C (570 w % 001 0 ! e&:ss @ g@a& e
aggiﬁ%%ay Pasmeler {) 15 R
it zﬁé;;:zar%! Ysius @5} - 6 : © 38
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,, %’ef:i%"g"* u_ | i ’,*ﬁf’“-zzf;%" o | incon us [ wEw i | mow 105 | CPeo 116
CHELF CHEIF, CHE, COLF-CCiFy COR-COI, CUECE, _CRCR,
102.93 8647 7001 1813 a9 1847 13801
8.9z 80,75 - 82,01 4751 3.77 381 —~782
23.06 =4136 | 11646 1763 3808 384 . leas
135 —160 w1552 35 ~98 105" 1006
-211 ~256 ~ 2474 31 137 159 ~ 149
1785 26,0 259 14,1 1457 0.0 197
3533 W48 78.6 4174 2043 1758 615
5L.0 49.12 417 a7 322 308 94
750 7218 7014 435 732 453 432
197 165 133 325 203 259 225
2.0307 0.0305 00305 0.0278 0.0275 0,269 00262
0.522 0,525 0.525 0,576 0.582 0.596 0.612
32 32.76 32,78 36.0 36,32 72 821
1.366 1194 0,670 1565 1.456 1.291 15277 —73°C
8528 7453 4182 97.60 9091 80.60 59.08 @(-100°H
129 1.06 149 136 111
8053 6617 93,01 84.90 £9.29
457 4.72 4,66 7.38 7.83 8,37 9.01°
0285 0.205 0.291 0461 0.489 0522 0562
0.256 0.300 1,553 0218 0243 o5  |0%2@ 180
0.140 0.157 0.178 : (140°P) 0.170 0.164 @ 0 pressure

1191 1080 @ ,50°C 1.085 (est)
1.175 1.184 @ 0 pressurs : (140°F) 1.084 1.091 @ 0 pressurs
57.86 55,61 57.23 35.07 32.51 30.11 27.97
104.15 100.45 103.02 6312 5853 54.20 5035
0045 @, 3.8
0.0592 0.0507 0.022 0.0438 0.0372 0.0302 (— mo*n
0.00508 0.00509 0.00851 0.0044 0.0060 0.00724 ).0038 (est)
{0.5 8tm)
0313 0,198 0034 0.68 0.36 0.193 039
0.01314 0.0127 0.0146 0.010 0.0112 0.0125 0.0148
{0.1 atm)
18 8 --73°¢ 17.3 12 5 —T3°¢
15 @( 160°F) 16 @( 100°F)
1.354 1.256 ~73°C 1.354 1.288 1214 —73°¢
1215 @ 10005 1205 @/ 1005
1.85 1.27 104 3.9 (044 atm) 336 2.54 202
.34 @ 28°C 611 @ 24°C 241 @ 25°% 226 @ 25°C
070 % 30% | 1.0971 D 5dec | 1007 @ 25°0% 10043 @ 265°C | 1.0035 @ 27.4°C | 10021 @ 23°C
: 0017 : ' ' :
0.95 0.30 0.10 (3a¥n Pres) 6.013 0.006
{03 0.13 0011 0,003 g
6.5 720 82 Y
0 25 : , 3 12 7
10 1009 () ' lsss fole 3000 000 Lez,sm» o lemteds
49 3500 () w0 | g | vestne

eI o




e

V. PRESSURE TEMPERATURE RELATIONSHIPS

OG0

800

600

&5 CRITICAL POINT

500

, | 0 ereeziNG POINT
400 oot '

300

ABSOLUTE PRESSURE, FSiA

5 :x === = =
4 E St SE=C =
3 2
= ro
2 T = :
¥ = -1
1.0 5= 1 - o
= = SEE =S et
0.8 E=es e =SSS=SSS SSES S £ =22




T
PN SES




Vf M {»&iﬁs ﬁaNsQQg

~on-individual- products and npecific uses sro availe
able from the “Freon” Praducts Division of the

Du Pont Company, This additional information in- -

cludes information’ on shipping containers, bulk
shipmonts, safe material handling, principles and
practice of use, comparative performance of com-
pounds, extensive thermndynamic and physical
properties, and toxicological properties. You axe
invited to write or call the nearest sales office or
Du Pont Product Information Center listed on the
back cover.
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INTRODUGTION

Du Pont Halon 1301 Fire Extinguishant is mono-
bromotrifluoromethane, CBrF,. it offers unusual
advantages as a fire extinguishing agent against
Class A {cellulosic materials), Class B (flammable
fiquid), and Class C (electrical) fires.

On a weight basis, Halon 1301 is the most
effective gaseous extinguishing agent available, It
is up to three times more effective than carbon
dioxide and some other halogenated agents. It is
approximately equivalent to sodium-base dry
powder, although somewhat less effective than
potassium-base powder.

Halon 1301 may be applied to fires by hand
portable extinguishers, total flooding systems, and
local applications systems. Each method is
effective and offers certain advantages for a
particular hazard. Total flooding systems using

APPLICATIONS

Halon 1301 are especially attractive due to the
combination of compact storage volumes, low
vision obscuration, lack of particulate residue,
rapid mixing with air, ready access to Blocked or
haffled spaces, and low {oxicity of the
extinguishing atmosphere.

Du Pont Halon 1301 has heen used as a fire
extinguishing agent since 1948 when iis
combination of effectiveness and low toxicity was
recognized. Medical data and a growing body of
experience indicate that Halon 1301 may be
safely used in a wide variety of fire extinguishing
situations if recommended application procedures
are followed.

The properties of Halon 1301 are described in
more detail on the following pages.

Du Pont Halon 1301 is no. ¢ being used commer-

cially for the protection of:

e computers and data processing equipment

electrical and electronic equipment

file rooms

libraries, museums and historic buildings

chemical and physical laboratories, hoods

and glove boxes

e aircraft engines, cargo compartments, and
passenger cabins

¢ ¢ 9 e

e miliizry vehicles, such as tanks, trucks, and
personnel carriers

coventional and nuclear power plants
radioactive “caves’ and hot cells

marine engines and engine rooms

racing cars and boals

flammable liquids and vapors

telephone exchanges

and many others

® 0 © & & 5 0O
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EFFECTIVENES

Du Pont Halon 1301 has proven to be a very
effective agent in portable extinguishers for use
against Class B (flammable liquid) and Class C
(electrical) fires, The U, 8. military uses a large
quantity of a portable extinguisher containing
Halon 1301,

The primary varlable affecting the rating of a
portable extinguisher is the rate of agent
discharge. The shape of the discharge horn is
aiso important, since the discharge pattern must
allow the agent to reach the far side of the fire
pan, yet be broad enough 1o cover the entire area
sufficiently and not splash the fuel from the pan.
Testing by Du Pont using optimum nozzle designs
has determined the minimum discharge rates of
Halon 1301 necessary to extinguish various stan-
dard U.L. fires. These rates are shown in Table |,
Complete test data of these experiments are
avaitable upon request.

U. L. requirements for portable extinguishers
can be obtained from Underwriters’ Laboratories.*

Tabie |

Portable Extinguisher Performarice
with Du Pont Halon 1301

° incluges aflowance lor Halon 1301 in vapor space at end of disct
inaffective in extinguishing the fug
{} irterpotation of data for UL. Size 5, other data delermined crpsfimerilaty

WarGs, winch is

Underwriters' Laboratcries
333 Ptingsten road
Northbrook, llinois 60062

EFFEC‘TWESS —— Total Flooding Systems

Du Pont Halon 1301 is particularly suited for use
in total flooding extinguishing systems. Fires
involving most fuels can be extinguished by
concentrations of Halon 1301 to which personnel
can be exposed for limited times with low risk of
harm. In addition, vision obscuration and chilling of
the atmosphere are minimal in most applications.
The high dielectric strength of Halon 1301 and
lack of particulate residue enhance its use where
electrical or electronic equipment is involved. The
low volumetric discharge is attractive where over-
pressurization of the enclosure may be a concern.
And the cost of a Halon 1301 total flooding system
may be lower than systems based on competitive
agents.

Total flooding extinguishing systerns are based
on the release of a predeterrnined amount of
agent into an enclosure to develop a uniform
extinguishing concentration throughout. The
amount of agent required is based upon the size
of the enclosure and the concentration required to
extinguish or inent the particular fuels involved.

In determining the agent concentrations
required, consideration must be given to the
specific fuels involved. A 5% concentration of
Haion 1301 extinguishes flaming combustion of
most fuels, but test evaluaiions must be made to
define necessary concentrations for specific fuels.

NFPA Standard 12A, "Halogenated Fire Ex-
tinguishing Agent Systems — Halon 1301,"*
provides many design principles and procedures
for Halon 1301 systems.

The amount of Halon 1301 required to aftain a
total flooding concentration may be determined
using the following formuia:

w=1(_C_ w
S 100-C
where W = weight of Halon 1301 required, pounds
S = specific volume superheated Halon
1301 vapor, cuft./Ib. (at 70°F, 8=
2.5605 cuit./ib)
C = concentration of agent required,
percent by volume
V = enclosure volume, cubic feet
As a rule of thumb, one pound of Halon 1301
discharged per 50 cubic fest of enclosed volume
will precuce a 5% concentration,
Flammable Liquids and Gases — Class B
Fires involving most flammable liquids and gases
are extinguished quickly when the atmosphere

surrounding the flame is flooded with relatively low
concentrations of Halon 1301. Two levels of Halon

‘Avatable fiom:
Mational Fre Profection Association, inc.
Balerymarch Park
Cuincy, MA 02289



1301 concentrations may be considered — one ig
adequate for flame extinguishment while the other
(higher) level will inert flamrnable mixturas of the
fuel and air.

Flame extinguishment concentrations apply to
diffusion flames and should not be used when an
explosive mixture of fuel and air can occur. An
explosive mixture is improbable if either an insuf-
ficient quantity of fuel is available or the volatility
of liquid fuels is sufficiently low at temperatures in-
volved both before and after a fire,

Inerting requirements should be used when
flame extinguishment limitations are exceeded, or
where it is considered possible that an explosive
atmosphere would develop before or after ignition.
Highly volatile, gaseous or atomized fuels
generally carry high explosion potentials. an
inerting concentration makes ignition of any
concentration of fuel vapor in the enclosure
impossible.

Halon 1301 design concentrations for flame
extinguishment and inerting of several fuels are
listed in Table II.

Table I}

Du Pont HALON 1301 Concentrations
Required for Flame Extinguishment and
Inerting for Various Fuels

in Airat 1 ATM,, 25°C

fincludes 20% safely factor on expeth ination, 5% mi

“inchiies 10% salely faclor on experimental determination, 5% mini
Sostice” NFPA1ZA

Combustible Materials — Class A

Fires involving ordinary combustible materials
(such as wood, cloth, paper, rubber, and piastics)
usually consist of both flaming combustion of
gases vaporized from the solid and also surface
combustion. For most Glass A fuels, the flaming
combustion is readily extinguished by 5%
concentrations of Halon 1301.

For many fuels including most plastics, the
surface combustion will be extinguished shortly
after flame extinguishment during “soaking” in the
Halon 1301 /air mixture, When the radiant heat
feedback from the flame to the solid is stopped in
these fuels, the surface combustion dies oul.

For same fuels, smoldering combustion in the
solid will continue even after extended soaking
times. NFPA-12A defines fires as “deep-seated” if
smoldering combustion continues after 10 minutes
soaking with 5% Halon 1301, The deep-seated
tendency is dependent not only on the specific
fuel but also its geometric configuration and
burning fime before Halon 1301 application, The
deep-seated combustion characteristic appears to
be related to the preservation of heat from
smoldering combustion which becomes well
insulated from heat loss.

Such solid fuels as corrugated cardboard or
shredded paper can quickly become deep-seated
while others such as some plastics show no
tendency o become deep-seated.

In any Halon 1301 application with potential
deep-seated combustion, two related effects must
be considered and appropriate provisions made,
i.e., 1) decomposition of agent and 2) rekindling of
fire after dissipation of agent. Decomposition can
be controlied by limiting the quantities of fuels with
deep-seated combustion potential in any protected
enclosure. Rekindling hazards can be controlled
with appropriate secondary extinguishment —
either automatic or manual.

Live Electrical Equipment — Cilass C
Halon 1301 fire extinguishing effectiveness has
been demonstrated on several types of electrical
equipment especially electronic computer and
data processing equipment. Tests have shown
fires of fuels commonly present in computer
rooms are extinguished by 5% concentration of
Halon 1301 without detrimental side effects on
computer equipment.

Limitations
Halon 1301 is not effective in preventing the
combustion or reaction of the following:
1. Chemicals capable of oxidation without air;
e.g., cellulose nitrate, gunpowder. -
. Reactive metals. ~.g., sodium, potassium, .
magnesium, it - :
. Metal hydride ' :
. Chemicals capabie o aulothermal decompo-
sition: @.g., organic peroxides, hydrazine..
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THEORY of FIRE EXTINGUISHMENT

In the past, the effoctiveness of fire extingulshing
agents has been altributed to one of the following
actions: cooling (water), oxygen exclusion or
smothering (carbon dioxide), or machanical
separation of fuel from the oxidizer (foam). The
well-known “fire triangle” is based upon these
three mechanisms,

None of these actions satisfactorily explains the
action of Du Pont Halon 1301,

It is thought that Halon 1301 extinguishes by a
chemical action. The halogen compound reacts
with the transient combustion products which are
responsible for rapid and violent flame propa-
gation. This reachon terminates the combustion
chain reaction and thereby stops the flame
propagation. There are two different theories to
explain the extinguishment process, one based on
a free radical process, the other based on ionic
activiation of oxygen during combustion.

In the free radical theory, a bromine radical is
first formed through thermal decomgposition of
Haion 1301;

PHYSICAL PROPERTIES

CBrF,

CF, + Br
The bromine radical reacts with hydrogen in the
fuel to give hydrogen bromide;

R-H + Br R+ HBr
The hydrogen bromide then reacts with aclive
hydroxy! radicals:

HBr + OH H,0 + Br
The tromine radical may now react with more fusl
to repeat the process 10 remove more active
radicals from the fire,

According to the jonic theory, elemental oxygen
must be activated by ahsorbing free elecirons
before it can react with the fuel, The bromine atom
on Halon 1301 provides a much larger targst for
the capture of electrons than does oxygen, and
thus reduces the probability of oxyger: activation.

In both theories, the chain reaction of the fire
is broken with relatively small quantities of
extinguishing agent.

Du Pont Halon 1301 is a low-boiling, coloriess
liquified compressed gas having high density and

low viscosity. its physical properties are cutlined in

Table IV; more detailed values of those properties
of most interest in fire extinguishment applications
are given in Tables Il and V. Information on other
physical properties is available upon request.

The vapor pressure, liquid and vapor densities,
liquid viscosity and liquid heat capacity values are
based on direct measurements. The vapor
viscosity and liquid thermal conductivity values
have been estimated from generalized
relationships.

Table 1l
Heat Capacity and Thermal Conduc-

tivity of Liquid Du Pont iHalon 1301

Table IV
FPhysical Properties of Du Pont Halon 1301







TOXICITY

The Inhalation toxicity of Du Pont Halon 1301 is
low. This, plus a high degree of extinguishing
offectivenass and excellent thermal stabiliy,
makes Halon 1301 the safest gaseous
axtinguishing agent available, when properly
applied, But Du Pont Halon 1301, as with all other
chemicals, cannot be considered non-toxic under
all circumstances. This section will discuss the
inhalation toxicity of Halon 1301 from four aspects:
1. Equipment design.
2. Toxicity of natural {undecomposed)
Halon 1301,
3. Toxicity of Halon 1301 decomposition
products,
4. Toxicity of common fire combustion products.

Equipment Design

Any consideration of the safety of Halon 1301
must begin with a discussion of the equipment in
which the agent is used. When considering either
hand portable extinguishers or automatic extin-
guishing systems, the agent is safer io use if it is
applied to a fire at an early stage of combustior.
At this stage, the fire is generally smaller, has not
become deeply involved (and is thus easier to
extinguish), and has not created extensive
quantities of toxic combustion products.

For a hand portable extinguisher, the size and
weight of the extinguisher influence to some
extent the ease and promptness with which the
extinguisher may be applied. A small light ex-
tinguishant may be used more guickly than a iarge
bulky one. In this regard, Du Pont Halon 1301
offers advantages in weight savings and
compactness which can save precious seconds in
the time normally required to begin attack on a
fire.

In automatic extinguishing systems, the
deteclors determine at what stage the fire is
attacked. Optimum rapid sensing of the fire by
suitable detectors is necessary to obtain agent
discharge at an early combustion stage.

Finally, the agent discharge should be as rapid
as possible. In total flooding systems, the more
quickly an extinguishing concentration is achieved,
the lower will be the extent of agent decompo-
sitiors by the fire. By extinguishing the fire more
quickly, fire damage and the quantity of toxic
combustion products will also be reduced. Typical
discharge times range from less than one second
in the case of flammable gases or highly volatile
liquids, up to perhaps 30 seconds for siower
burning fueis. ' .

Selection of the proper combination of detectors
and agent discharge rate should be ccordinated
with a qualified fire protection engineer after a
thorough study of all aspects of the individual
situation.

Natural (Undecomposed)

Du Pont HALON 1301

Ths safety of Halon 1301 has been established
not only through practical experience but through
more than 30 years of research including
toxicological testing. Based on resulls of these
tests, the National Fire Protection Assooiation has
set up the following guidelines for the use of Halon
1301 in occupied ateas:

Concentration Longth of Time of

by Volume Human Exposure
7% or lowor 15 minutes

7-10% 1 minute

10-15% 30 seconds
Above 15% Prevent exposure

Since fires of most combustible materials can
be quickly extinguished with Halon 1301 at
concentrations of 7% or less by volume, the vapor
presents little or no danger to personnel. Tests
also show that people may inhale these
concentralion levels up io 15 minutes without risk
of cardiac or harmfui central nervous systern
effects.

It has only recently become known that many
common and frequently encountered materials
can have an unusual effect upon the animal or
human heart. Things like chloroform, gasoline,
paint thinner, various volatile solvents, if inhaled in
sufficient quantity, can make the heart very
sensitive to a major upset in rhythm (called
"arrhythmia”). Excitement and stress in a human
or animal can cause a heart arrhythmia or
irregular heart action. The combination of
exposure t¢ high concentrations of one of these
vapors PLUS high levels of adrenaline, seems to
be a much more serious hazard than either of
these situations separately.

Halon 1301 has been studied extensively for
cardiac sensitization. From animal experiments
involving exposure to Halon 1301 and high iavels
of injected adrenaling, plus studies of humans
exposed to Halon 1301 without injected
adrenaline, we conclude that exposure to
concentrations for the time shown above should
not increase risk of cardiac arrythmia. However, at
high Haion 1301 concentrations, if combined with
extreme blood adrenaline leveis, cardiac rhythms
in humans may be affected. A few animals

-exposed to 7.5% Halon 1301 or greater, with

injected adrenaline, had serious cardiac
arrhythmias; at levels of 10% or mére, irrevarsible
arrhythmias occurred with some.




Decomposition Products

Du Pont HALON 1301

Upon exposure to flames or hot surfaces above
about 950°F, Halon 1301 decomposes to form
primarily hydrogen bromide (HBr) and hydrogen
fluoride (HF). Trace quantities of bromine (Br,),
carbony! halides (carbonyl fluoride, COF,, and
carbonyl bromide, COBr,) have been observed,
oul their quantities are generally too small to be of
concern, Phosgene is not formed from Halon
1301, there is no chlorine available in Halon 1301
from which to form phosgene.

In most fire situations where Halon 1301
automatic protection systems are used, the
concentrations of HF ard HBr have been found to
be below 20 paris per million (ppm) — often
barely detectable o the nose. Severe fire tests
indicate larger amounts of HF (200 to 300 ppm)
and HBr (40 to 50 ppm) are produced when Halon
1301 decomposes while extinguishing a iarge, hot
fire. Such concenirations are noxious and irritating
and may be harmful if exposure is prolonged,

The primary effect of the decomposition
products is irritation. They have a characteristic
sharp, acrid odor, even in very low coricentrations,
which provides a built-in warning system for the
agent. The irritation becomes severe well in
advance of really hazardous levels. Test animals
exposed to sub-lethal concentrations of
decomposed Halon 1301 appear to recover
compietely following exposure. The effects of
exposure are not believed to be cumulative.

The amount of Halon 1301 which will
decompose in any given fire is dependent upon
the fire size and fuel type, the enclosure size, and
the agent discharge time. Some representative
test results are listed in Tables V! and VII. From
the standpoint of equipment design, prompt
detection and rapid extinguishment of the fire will
produce the safest post-extinguishment
atmosphere.

Table VI

n-Heptane fire tests showed only mod-
erate levels of decomposition products,
excepi when fire area is very large
compared to enclosure size

Conditlons:
n-heptans pool in fire pan
1685 cu. t. enclosure volume
4% Halon 1301 concentration (vol.)
30 second preburn .
6 second Halon 1301 discharge time

Common Products of Combustion
of the Fire
A study of fire toxicology raises the following
question: which is more hazardous, the toxicity
attributable to the fire combustion products, or the
toxicity attributable to decomposition of the
extinguishing agent? The level and hazards of the
combustion products depand on several faclors
including the fuel type and location, the amouni of
air available, and the length of time pergonnel are
exposed to the fire. A toxic material formed in
most fires is carbon monoxide, an odorless and
colorless gas which is fatal o humans in
concentrations higher than 15,000 ppm (1.5%) by
volume in air. It is present in every fire, with the
amount varying according to the completeness of
combustion. Large quantities are generally formed
under conditions of incomplete combustion
evidenced by smoke and acrid fumes. Generally,
decomposition products from the fire itself,
especially carbon monoxide, smoke, heat and
oxygen depletion, create a greater hazard than the
thermal decomposition products of Halon 1301,
The foregoing discussion should not be
construed to minimize the hazards associated with
the decomposition products of Halon 1301. Rather,
it is intended to point out that one should choose
an extinguishing agent with the lowest possitie
toxicity in relationship to its fire fighting
effectiveness, ease in handling, and reliability.
Additional toxicity information is available upon
request.

Table Vi

Deep-seated test fire showed only
moderate levels of decomposition pro-
ducts using trashbasket-size fire in
average room,

Conditions:

5 Ibs. mixed paper {sheets, cards and
tape) in 18" x 30" opan wire basket

£0% by waight preburn

1728 cu. fi. enclosure volume

5.1% Halon 1301 concentration

2-sgcond discharge time

Sampling times ara minutes after
completion of discharge




Pressure

At normal femperaturas, Halon 1301 is under
considerable prassure. All containers and transfer
aquipment used must be of strength adequate to
withstand the maximum expected service pressure
and to meet Depariment of Transportation
shipping regulatioris. Considering Halon 1301 fill
density and temperalture, suitable relief devices
should be instalivd. For additional information,
contact Du Pont at address shown on back page.
Effect on Skin and Eyes

Liguid Halon 1301 (including the spray in the
immadiate vicinity of a discharge) may freeze the
skin (frostbite) on contact. Such contact should be
avoided by wearing protective clothing and eye
protection. In the event of frostbite, warm the

affected area quickly to body temperature. Eyes
should be flushed coplously with water. Hands

may be held under armpits or immersed in warm
water. Get medical attention promptly.

Personnel Training

In addition {o normal good safely practices (emer-
gency lighting, directional signs, continuous
alarms, etc.), personnel in a Halon 1301 protecied
area should be tamiliar with the operating
characteristics of the system, These instruclions
should detail the nocessary safeguards unique o
each location. Personnei should be warned that, if
a system discharges, they should not smoke until
the atmosphere has been completely purged of
Halon 1301. Occupants of a Halon protected area
should be warned that the noise of discharging
superpressurized Halon 1301 may be startling. We
strongly recommend that maintenance and
construction personnel be similarly trained.

EFFECT on CONSTRUCTION MATERIALS

Metals

Extensive laboratory tests indicate that Du Pont
Halon 1301 fire extinguishing agent has no serious
adverse efiects on any of the metals commonly
censidered for use in fire extinguishers or fixed fire
extinguishing systems. This is nol surprising from
a chemical standpoint because the presence of
the fluorine atom in a molecule generally reduces
its chemical reactivity and corrosive properties
and increases its stability.

Ten different types of metals including
aluminum, magnesium, stainless steel, titanium,
and brass have been expnsed to Du Pont Halon
1301 for periods up to 44 months under controlled
laboratory conditions. The liquid extinguishing
agent and test strips of the various metals were
sealed in glass tubes and stored at temperatures
of 250°F and 130°F, as well as at ordinary room
temperature. Samples of the extinguishing agent
containing 2 parts per million moisture were
representative of commercial material. Samples
containing 72 parts per million. moisture
represented about a 75% saturation level in
Du Pant Halon 1301,

in evaluating the tests, corrosion of the metat
and appearance of the liquid were examined since
both of these effects are considered significant
and related. Results are summarized in Table ViiL,

The sealed-tube corrosion tests indicate that ali
of the metals tested are suitable for use with

Halon 1301,

Separate tests conducted by the Aerojet Engin-
eering Corporation indicate that copper immersed
in equivalent moisiure level samples of Halon
1301 for seven days at room temperature is
unaflected by the extinguishing agent.

The presence of free water in systems
containing Halon 1301 should be avoided. In long
term exposures, localized corrosion can be
significant, particutarly at the Halon 1301 liquid-
vapor interface where the water floats on the liquid
Halon 1301,

Stability Tests at High Temperatures

To deterimine its stability and effect on metals
under high temperature as might be encountered
in aircraft engine fire protection systems, Du Pont
Halon 1301 was exposed to three different types
of steel in sealed tubes at temperatures of 600°F
for 25 hours. Results of the tests, summarized in
Table 1X, are helpful in determining the best types
of metal to be used in extinguisher equipment
construction. Inconel, for example, was found to
be the safest for use with Halon 1301, from the
standpoint both of minimum decomposition of
exlinguishing agent and corrosion of metal. it was
foliowed by stainless steel 316 and mild steel,

Most halocarbons may react violently with highly
reactive materials, such as the alkali and aikaline




Table Vil
Gommon Metals Show Negligible Corrosion by HALON 1301

(Exposure at 2 molsture levels for 44 montha) 7

*Negative penetraiion rate indicates a weighd gain of test strip.

Table IX

Sealed-Tube stability tests of Du Pont
HALOCN 1301 at 600°F ior 25 Hours

*Appoaarance key:

Rating
0

!
2
3
4

Liquid

No change

Sl darkening
Mod. darkening
Very dark

Very dark and
deposits

No change
Tarnish

Si. corrosion
Mod. corrosion

Severe corrosion

Linear Swell of Elastomers by
Du Pnt HALON 1301




earth metals, sodium, potassium, and barium, sic.,
in their free metallic form, Materials become more
rgactive when finely ground or powdered an in
this state magnesium and aluminum may redct
with flucrocarbons espacially at higher
temperatures. Highly reactive materials shou. ' not
be brought into contact with fluorocarbons untii a
careful study is made and appropriate safety
precautions are taken.

Under some clrcumstances when Du Pont
Halon 1301 is exposed to high temperatures, the
products of decomposition will include cerlain
acids which may have a slight corrosive effect on
metals,

Elastomers and Plastics

Du Pont Halon 1301 is inert toward most
elastomers and plastics. Suitable materials for
gasketing, insulation, tubing, ete,, for nearly any
application can be found readily. The effect of
Halon 1301 on elastorners is shown in Table X
and on plastic materials in Table X1

“est strips of the elastomer or plastic were
sealed in giass tubes with the liquid agent and
stored at room tamperature for a period of two
weeks. The maximum linear swelling of the test
piece was measured and the general condition of
the material and lfiquid observed. The change in
weight of the test piece was measured at the end
of the test and again after drying for two weeks.

All of the elastomers tested except silicone
rubber are suitable for use with Halon 1301.

Most of the commonly used plastics undergo
flittle, if any, swelling in the presence of Halon
1301 with the exception of ethyi cellulose and
possibly cellulose acetate/butyrate.

SOLUBILITY PROPERTIES

Table X1
Effact of Du Pons (IALON 1301 on
Plastic Materials at Room Temperature
The reting svstam s baged on linear swell, change
in we’ jht ard physical changes In the plastic test
plece, The following interpretation can be given to
the ratings.
1. Unchanged and suitable for use with the agent.
2. Slightly changed but probably sultable for use
with the agent,
3. Modasrately changed and probably not suited
for use with the agent,
4. Ssverely changed and not suitable for use with
the agent.
5. Sample disintegrated.

: e :

Condition of Test Sample
a — crazed slightly after removati from the liquid.
b — Softened and warped.

In its liquid staw., Du Pont Halon 1301 is miscible
in all proportions in many organic solvents. lits
solubility is usually greatest in compounds with
similar chemical structures and least in those with
aifferent structures and properties. The soiubility of
Haton 1301 vapor in a number of solvents at 77°F
and atmospheric pressure is shown in Table Xit,
Solubility varies, of course, with both temperature
and pressure changes.

10

The soiubility relationships of Du Pont Halon
1301 with water, carbon dioxide and nitrogen have
been determined and are described in the
foliowing sections. In each case the solubiity is a
function of the pressure as well as the
temperature.




Water
Tha solubility of Du Pont Haton 1301 in water has
been measured at various temperatures and
prassures. The results are given in Figure 1 in
terms of pounds per gallon. The solubility at 77°F
and a tolal pressure of 100 psia is 0.0617 gram of
Halon 1301 per cc of water.

The solubility of water in liquid Halon 1301 is
95 ppm (0.0095 percent by weight) at 70°F,

Table Xil

Solubility of Du Pont HALLON 1301
in Various Liguids at
Atmospheric Pressure and 77°F

Flgure 1
Solubility of Du Pont HALON 1301
in Water

TOTAL PRESSURE, PSIA.
100 200°

nd
<
=

LBS. OF HALON 1301 DISSOLVED PER GALLON of WATER
o
3

o
=]
&

Carbon Dioxide

The solubllity of carbon dioxile in liquid Du Pont
Halon 1301 is approximately that which is
calculated from Raoull's Law, Measurernan; at
room temiperature and a total pressure of 300 psig
showed the solubility to be about 30+5 mole
percent. In Figure 2, the solubility of carborn
dicxide In terms of weight percent in Halon 1301
at 0°F is shown. The curve is based on calcula-
tions using Raoull’'s Law,

Figure 2
Calcuiated Solubility of Carbon Dioxide at
0°F in Du Pont HALON 1301

PRESSURE, PSIG

CARBON DIOXIDE CONCENTRATION, W7, %

Nitrogen

The solubility of nitrogen in the liquid phase of
Du Pont Halon 1301 is fow. Howsve:, when
nitrogen is used as a pressuring gas for Halon
1301, the solubility characteristics will markedly
affect the total container pressure obiained at a
given temperature. As is usual for gases, the
solubifity in the liquid phase increases with
increasing pressure. It decreases with increasing
temperature to about 40°F, then increases again
as the critical temperature {(152°F) is approached.




Figure 3 shows the Henry's Law Constant, H,, Figure 3
for solubility of nitragen in liquid Halon 1301 at Hernry's Law Constant for Nitrogen Solubility in
various temperalures, based on experimental data. Liguid for Du Pont Halon 1301
Henry's Law Constant is defined as:

i . 5500
H, = ..;P.'.'.. §
A Xn g
Where Hi = Henry's Law constant, psi per A goon
mole fraction @£
= . ) . (5]
P, = Partial pressure of nitrogen in =
vapur phase, psia # -
% = Composition of nitragen in liquid f_‘;
phase, molw fraction T
When the temperature ard total system g -
pressure are known, the nitrogen partial pressure 8 4000
may be caiculated as follows: g
Pa=Pr- (1 - Xo) Py Q
Where Pr = total system pressure, psia § 3500 -
Piser = Vapor pressure of Halon 1301, »
psia S‘
These two relationzhips may be combined to £ 5000 gﬁﬁg’gg%@gg%g Snna

permit direct solution tor x.:
¥n = E_T_'" PISOI
Hx - Pnacn
Values of vapor pressurs for Halon 1301 are
given in Table V. These values must be con-

verted to absolute pressure (psig + 14.7) before
applying them in the above formulas.

-40 -20 0 20 40 60 80 100 120 140 160

Temperature, °F

CONTAINERS

Du Pont Halon 1301 is shinped in containers
meeting DOT regulations. Table Xl gives
information ¢n volumes and dimensions.

Table Xl
Domestic Shipping Containers for Du Pont Halon 1301

“Dimensions will vary slightly
**QOuls: ‘e width of frame.

ADDITIONAL BULLETINS

Additional technical bulietins on Du Pont Halon 1301 are available on request.

12













Du Pont HALON 1301...
A Fast, Safe, Clean Way
To Put Cut Fire

Halon 1301 Is a colorless, odorless,
alectrically non-conductive vapor
that puts out fire differently than any
other extinguishing agent. Most other
extinguishants — CO,, water or foam
— work physically, They attack fire
by smothering, cooling or separating
fuel from oxygen.

Halon 1301 works chemically to halt
fire, it actually stops the combustion
process itself — breaks the chain
reactions which propagate from one
fuel molecule to another. That's why
Haton 1301 puts out fire faster. And
it prevents rekindling or reflash as
long as the Initial concentration of
Halon in the area's atmosphere is
maintained. Furthermore, Du Pont
Halon 1301 is low in toxicity, does no
damage to properly and leaves no
residue behind to clean up.

Consider The Effect Of
Other Extinguishants On
What You're Protecting

If your responsibility is to protect
buildings or equipment of high value
or high risk, you'd probably choose
an automatic extinguishing system.
Up till now, choasing the right
system has depenged on
willingness to compramise with the
problems and limilations inherent in
the available ax shing agents.
With water, for example, you'd have
to determine whstr the value of
what you're pretecting would change
f it got wet. If not, and if there's no
water supply problem, then a
spririkler system would probaih
suffice. Or perhaps the small amount
of water associated wiih a high
expangion foam system wouldn't
harm your equipment or material, so
loam could be your answer.

Dry chemicai systems are good for
narticular applications, also. But they
jo leave quite 2 mess to clean up,
and sornetimes the chemical powder
sauses damage to machines or
naterials.

Carbon dioxide systems suppress
ire by displacing air in the room. So

- T

Even A Small Delay Can
Have A Serious Impact On
Sensitive Equipment
¥

Heal can threaten compuler lapss.

or fire is ou }o}ds:ay o los
though building is saved.

there is a life hazard — people must
axit betore the sysiem can operate,
because oxygen levels would be
reduced below life-support leva=. |
takes time for people o get out ~
time that allows fire {o grow o
damaging proportions before it can
he extinguished, And, aithough CO#
leaves no residue, it can cause a
"fog" which obscures vigion in the
fire area,

If you refuse {0 compromise
protection with the limitation of these
extinguishants, and thus you've
delayed installing automatic fire
extinguishing systems, consider
Halnon 1301. It doesn't harm property,
and it extinguishes fire faster than
any other method — il can even
stop fire while people are getling
out!

Ask Yourself These
Questions About Your
Own Hazard Area

1. Does the hazard area represent a
high concentration of value?

2. If you are depending on human
detection of a fire, are there times
when no one is there?

3. Would loss of equipment or
operations in the area result in a
substantial economic burden or
jeopardize safety?

4, Would loss of the operation in the
hazard area cause significant inter-
ruptions in business?

5. Does risk analysis indicate high
potential loss?

6. Does the area contain a combus-
tible material or configuration in
which fire wouid fend to spread
rapidly?

7. Does the hazard area contain
sensitive materials or equipment
which might be damaged by extin-
guishing agents?

8. Are there cabinets or barriers that
would keep most agents from
reaching the fire?

if Your Answer To Any

Of These Questions Is Yes,
You Should Look Further
Into An Automatic Total
Flooding System

Using Du Pont Halon 1301




| Important Facts You
Should Know About
' Du Pont HALON 1301

Stops Fire Faster Than
Any Other Method

Halon 1301 works differently than
other fire extingulshants, it doesn't
“fight” fire. It stops it chemically in
seconds — actually breaks the
“chain” of the combustion process,
What's mors, Halon 1301 systems
can be discharged as soon as fire is
detacted, even while people are in
the fire area. By releasing
sxtinguishant while pgople are
clearing the area, the fire is put out
sooner, before it can do much
damage.

Purposely set fire demon-
strates effectiveness of total
flooding system using
Halon 1301.

Within seconds, fire is
completely out and man has
time to leave the area.

National Fire Protection
Association Standard

Halen 1301 is effective against a
wide range of different types of fires.
National Fire Protection Association’s
Standard 12A gives specifications for
systems using Halon 1301 which are
effective for Class A (paper, wood or
other cellulous materials), Class B
(paint, solvent, gasoline and other
flammable liquids) and Class C
(electrical) fires.

Simpler Design of Bystems
Using Halon 1301 Gives You
installation Advantages
Design of systems uging Halon 1301
extinguishant Is simpler, because
loss extinguishant has 1o be moved
from storage to nozzles.

Singce Halon 1301 Is a liguid in the
storage container and cnanges 10 a
vapor only after it leaves the nozzle,
small diameler piping can be used.
And, because fewer nozzles are
required, less piping has to be
installed. To simplity design even
further, time delays and pre-
discharge alarms can be eliminated
- parsonne! ¢an be leaving the fire
area while the extinguishant is being
released, because of the low toxicity
of Halon 1301.

With fewer pipes and nozzles needed
and less storage space required,
systems using Helon 1301 are more
easily concealed, and less apt to
interfere with the esthetics of building
and room decor. And more vaiuable
floor space can be devoted to other
preferred uses.

The variables involved in systems for
different applications actually
determine the costs. The costs of
total flooding systems using Halon
1301 will depend on the size of the
area, the amount and type of
detection, piping, and distribution
systems required, and the
concentrations of 1301 needed.

The degree of sophistication in
detection, piping and discharge
systems can affect the system cost.
Also, the amount of Halon 1301
needed will vary with the materials
protected. Fires that feed on most
hydrocarbon fuels (kerosene,
methane or propane) are easily
extinguished with 5% Halon 1301 by
volurne. A five percent concentration
will alse provide a high degree of
control .n wood or paper fires. Since
tires i wolving some fuels or
configurations may require
concentrations higher than 5%, a
reputable fire equipment distributor
should be consulted.

Compared to water sprinkler
systems, generally, total flooding
systems using Halon are more
expensive, but they put out the fire
faster and eliminate the extin-
guishing agent damage problem. You
have to decide how much those
advantagas are wernth.

Compared to systems using other
gaseous agents, the systems using
Halon 1301 are usually less
axpensive. Although the agents,
themselves, cost less per pound, the
instaliation cosis of these other
systerns may be substantially higher,
which results in-a higher total cost
than for systems using Halon 1301,
For example, the average labor and
hardware cost for systems using
Halon 1301 is about 40% f the cost
for a carbon dioxide system for the
same application. (The system with
Halon requires less piping and about
one-fifth the number of cylinders.)
Also, systems using Halon 1301 can
be discharged immediately upon
detection of fire — so while people
are leaving the area, Halon is
already putting out the fire. The other
gaseous systems require that all
personnel vacate the area before the
agent is released; this gives the fire
time to build, and then it's harder to
exiinguish. Another significant point,
Halon doesn’t cause moisture
condensation in the protected area
to the degree that some other
gaseous agents do. 8o in comparing
Halon versus other gaseous agent
systems, you can consider both cost
and performance advantages of
Halon 1301.

Actually, your concern is probably
not the costs for individual com-
ponents of various systems, but the
best total fire protection sysiem for
your particular application at the
lowest total cost. And, since systems
using Du Pont Halon 1301 offer you
unique advantages at competitive
prices, you really ought {o take
another look at automatic Halon
1301 fire protection. It might change
your whole life — or even save il

Only Du Pont HALON 1301
Puts Out Fire Fast Without
Harming Life or Property

Is Halon 1301 safe? Will it hurt
people? Can you breathe it? Why is
it safe to breathe? Just what /s the
effect on peopls?

Halon 1301 is a vapor that works
chemically to stop the cormnbustion
process itself. Total flooding systems
charged with 1301 will extinguish
most fires within secunds after they
are detected by automatic devices.
Oniy a 5% concentration by volume
is naeded to stop most fires, leaving
plenty of oxygen in tha air for people
to breathe while they leave the fire
area. These systems are carefully
sngineered so that the amount of
1301 put into the system cannot

{cont'd, pg. 4}




Animalvs.Human Studies

It has only recently becoms known
that many common and fraquently
- encountered materials can have an

- unusual effect upon the animal or

| human heart, Things like chloroform,

:gasoline, paint thinner, various

{volatile solvents, if inhaled in

 sufficient quantity, can make the
heart very sensitive to a major upset

“in rhythm (called “arrhythmia"),

- Excitement and stress in a human or
animal can cause high adrenaline
levels, which can also cause a heart
arrhythmia or irregular heart action.
The combinat.on of exposure to high

concentrations of one of these

various vapors PLUS high levels of

adrenaline, seems to be a much
moare serious hazard than either of
these situations separately.

Since some of the fluorcarbon

materials have been shown to be

"sensitizers” in this sense, Halon

1301 was studied for this effect by

several investigators.

B A MHaskell Laboratory study with
dogs (which is the species used
widely to siudy this effect)
showed no irregularities in heart
action when tne animals were
exposed to concentrations of
Halon 1301 up to 20% in air and

without administering infections
of adrenaline. Howaver, large
injections of adrenaline plus a
10% concentration of Halon

1301 in these same dogs pro-
duced arrhythmias. In addition,
one dog (oul of 18) responded at
7%% and five minutes’ exposure.

# The Hine Laboratorles were
unable {o produce ventricular
fibrillation (rapid uncoordinated
arrhythrnias) in the hearls of
fdogs exposed to concentrations
up to 40% Halon 1301, when the
dogs were frightened to produce
high levels of natural adrenaline,
Convulsions and tremors were
observed at higher Halon
concentrations.

B Aeorospace RMedlcal
Laboratorles used 40% or more
Halon 1301 to demonstrate
spontangous cardiac arrhythmias
in dogs and moakeys.

Although these studles and others

vary somewhat as to the extent of

effect of high concentrations upon
varlous animais, they all agree that
the low concentration laveis and
exposure times shown In the
previous section wiii not result In
the hazard of heart sensltizetion to
arrhythmias,

Human Studies Prove
Degree of Safety

Encouraged by the relatively low
acute toxicity of Halon 1301 as
determined in animal tests, several
laboratories have conducted
exposures with humans.

Haskell Laboratory exposed three
persons {o Halon 1301 concen-
trations up to 10% for three to four
minutes. At concentrations below 7%
by volume, no effects were observed.
Higher concentrations produced

lightheadedness and slight difficulty
in mental concentration with a
suggestion of a slight disturbance in
equilibrium and reaction time,
Elecirocardiograms recorded
throughout these exposures did not
raveal any disturbance in cardiac
rhythm.

Hine lL.aboratories exposed 10
people to Hialon 1301 concenirations
up to 17% and for times up 10 20
minutes, Subjects exposed to higher
than 7% Halon 1301 experienced
feslings of lightheadedness and
reduced dexterity, which increased in
intensity with increasing Halon
conceniration. At concentrations
below 10%, the effacts were not
considered serious.

In an extensive study at Medical
College in Wisconsin, three subjects
were exposed to Halon 1301 at
airborne levels of 0.1 to 7.1% for up
to 30 minutes. Subjects’ health was
monitored before, during and after
exposure. Monitoring inciuded a
physical examination, electro-
cardiograms, electroencephalo-
grams, clinical blood chemistry,
mood evaluation, tests of eye-hand
coordination, short-term memory,
reaction time, depth perception,
balance, walking, writing and
speaking. A brief reduction in one
subject’s coordination was observed
at 4.5 and 7.1% during exposure but
this was not considered serious
enough to prevent the subject from
exiting a protected area; response
was normal within an hour after
exposure. All other monitoring results
were within normal limits.

Conclusions

Based on over 20 years of practical
use experience, Halon 1301 fire
extinguishant has not proven harmful
to people when discharged in their
presence.

Exposures to concentrations greater
than 10% carry a degree of risk to
personnel and should be avoided in
normally occupied spaces.
Furthermore, over 25 years of
medical research on both test
animals and humans has proven that
Halon 1301 in concentrations up to
7% by volume can be used with a
high degree of safety.




{conl’d. from pg. 3)

exceed the design concentration
when released in the volume of the
area to be protectad. Halon Is clean,
100, It doesn’t damage equipment
bacause it leaves no water, foam,
powder or ather residus behind,

Du Pont Halon 1301 has been used
in combating fires for over 30 years
without a single reported injury
resulling frorn exposure {o its vapor.
In fact, thousands of demonstrations
have occured across the U.S. with
people purposely experiencing
exposure to proper concentrations of
Halon 1301 without harmful effects.
The proven low toxicity of Halon
1301 is the major reason why the
Natlonal Fire Prolection Association
recognizes Halon 1301 as the only

4. i
b

14 & '
Du Pont Halon 1301 proltects irreplaceable
business data —

nd high value equipment, loo.

gaseous agent accepted for use in
occupied areas. Also, Underwriters’
Laboratories, Inc., classifies Halon
1301 in toxicity group 6 — the group
of lowest toxicity of the six defined.
And Haion 1301 is the only gaseous
extinguishing agent in group 6.
Moreover, the speed with which
Halon 1301 extinguishes fires
provides the greatest safety factor of
all. Smoke, heat, carbon monoxide
and oxygen depletion — ali present
in every fire — create hazards to
personnel which are often
recognized foo late. Fast
extinguishment of fire at its inception
greatly reduces these hazards.

Animal Studies
Prove Low Toxicity

The low toxcity of Halon 1301 vapor
wher inhaled has been determined
by many nationally recognized U.8,
medical laboralories and one French
investigator through studies with
animals. Thase investigators include;
@ U.8. Army Chemlcal Center, in
1950, determined the approxi-
mate lethal concentration of
Halon 1301 vapor 1o rats to be
13.2% by volume in air for a 15-
minute exposure,
& Undarwillers’ Laboratorlas,
Ine,, in 1955, confirmed with
guinea pigs the iow toxicity of
Halon 1301, Resulls of these
tests showed no effect with
exposures up to 20% Halon 1301
in air for two hours.

i Kottering Laboratory exposad
animals to Halon 1301
concentrations up to 32% for
seven hours without harm.

i Haskell Laboratory evaluated
the teratogenic potential of Halon
1301 in rats. Pregnant rats were
exposed to airborne levels of up
to 5% Halon 1301 during the
organ development or critical
stages of gestation. Resuits of
this test showed Halon 1301 was
not embryotoxic or teratogenic.

B G, Paulet of France went even
further. He exposed rabbits, mice,
guinea pigs and rats to Halon
concentrations up to 80%. (20%
oxygen) for two hours a day for
15 consecutive days without
producing death. No signs of
toxic effect were found when the
animals were exposed to 50%
Halon 1301 (maintaining 20%
oxygen) for two hours a day for
15 consecutive days.

4 Hazelion Laboratorles exposed
animals, including monkeys, to
concentrations up to 20% Haion
1301 in air for two hours with no
observable changes in blood
chemistry during or after
exposure,

In addition, Halon 1301 was not
mutagenic when tested in the

& Salmonstia/microsome assay
(Armes test).

30 Years
Medical Research

The safety of Halon 1301 has been
ggtablished not ony through practical
axperience but also through more
than 30 years of medical ragearch
involving both test animals and
hurans. Based on rosults of these
tesis, the National Fire Protection
Asgaciation has sei up the following
guidslines for the use of Halon 1301
In occupied areas.

Concentration  Length of Time for
by Volume Human Exposure
7% ot lower 15 minutes

7-10% 1 minute
10-15% 30 seconds

Above 15% Prevent exposure
Since fires of most combustible
materials can be quickly extin-
guished with Halon 1301 at
concentrations of 7% or less by
volume, the vapor pregents little or
no danger to persoanel. Tests also
show that people may inhale these
concentration ievels up to 15
minutes without risk of cardiac or
harmful centrai nervous system
effects.

But what happens if Halon 1301 is
released during a rery hot fire? Does
it decompose into harmiul by-
products? Research has determined
the answer to that as well.

As Halon 1301 (CBrF,) extinguishes
a fire, it produces primarily hydrogen
bromide (HBr) and hydrogen fluoride
(HF). In most fire situations where
Halon 1301 autornatic protection
sysiems are used, the concen-
trations of HF and HBr have been
faund to be below 20 paris per
miilion (ppm) — often barely
detectable t0 the nose. Severe fire
tests indicate larger amounts of HF
{200 to 300 ppm) and HBr (40 to 50
ppm) are produced when Halon
1301 decomposes while
extinguishing a large, hot fire. Such
concentrations are noxious and
irritating and may be harmful if
exposure is prolonged.

Generally, decomposition products
from the fire itsell, especially carbon
monoxide, smoke, heat and oxygen
depletion, create a greater hazard
than the thermal decomposition
products of Halon, Fortunately, the
irritating nature of Halon decompo-
sition products provides a built-in
alarm to warn personnei wsll in
advance of toxic leveis.




Typical Layout of Total
Flooding System ising
Halon 1301

Printed In US.A.

Detectors

The thermal detector is triggered by a
combination of fixed temperature and
rate of temperature rise, The ionization
delector senses smoldering fires long
before substantial quantitizs of smoke
or heat are produced. Aiso available
are optical detectors that “sge” flames
or getect smoke concantrations,

Containers

Pressure vessels are used 10 store

Du Pont Halon 1301. Since so little
Halon is required to extinguish fires,
these containers use very little storage
space. These containers may be
cylindess, spheres or tanks.

Distribution

This consists of piping, valves and
discharge nozzles, Thare are various
nnzzle designs available, all snginsered
16 mix Haion 1201 quickly and
thoroughly with air,

Only One Fire Extinguishant
Stops Fire Fast Without
Harming Peopie or Property”...

[Ou Pont Halon

FIRE EXTINGUISHANT

For more information o Halon 1301, write
Du Pont Company

Fire Extinguishants

Canby Mill Building

Barley Mill Plaza

Wilmington, Delaware 19888
orcalt

toll free (B00) 441-9450

ask for extension 47381

‘Whan used In accardance with NFPA Standard 12A°
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IR0] $.19351 T73.48]0.3875] 58555 [ 73.HVi0. 1862 “.6% PU-LB50 § 7.0883 §73.460.1529) 180
190] 9.3385§ 74.69{0.1893] 8.5874 ] 74.69)0.186% < LB8Y  T1T80 | T4.67/ 021558 j?ﬂr
200] 9:4834] 75.92 Toi ..-z88 | 7.2097

0-.1912

8.6192

75.91]0.1899

*inches of Mercury belaw one atmaephare.
B of fg Bhmasp

15.8%] 0.1677




YEREON-13IB2" - SUPERMEATED VAPOR

7 valumie i cu f:(lb’; H=enthalpy dn Btufib;  S=eeotropy -t Bruf{Ib°8)  (saturotlon propiriies gg purepthises)
. ABSOLUTE PREFSURE, tb/vy in ,
N X R A T N e .85
BR[| 15,674 (<97.65°F,) | 14,65% (~98.53°%,) 12.43¢ (-93,47°0,) | 3262 (-91.44°F,)
F ¥ 1 H S ¥ H ] ¥ H ol 5 v op#H 1| &

(3.:6533) 143,72 |(0.1228){(3.4272) |(13.91140.1228)\(3.2904) |/44.08) [(0.1220)|(%,0521) Y42.25)¥0,1217)

e

“U0L 3eTRET ] 58.48101287 | 355827 [44,420050238) 3.2607 1 449,50 {01227 1395667 144:39)3.1221} -30
=H0) 3.8404 1 453610, K72 | 35818 [ 45.35]0,1263] 9.3538 1 4%.33(0.125% | 3. 1928 [95.3200,0245) -0
=10 3.9%02 ] 46.2010.1297 | 3.6807 [ 56029 {0: 1267 34867 [ 46,27 (05278 | 3.2492 |abs25]0.12701 -1
=601 4.08%8 ] 67.2610.1321 | 37195 | 47,26 {00500 | 35395 { 4T.23[0.0302 | 33275 {&T.24}3.129%] -52

=501 4.15021 48.2210.1355] 3.8780 [ 45,21 10.133%] 3.6320 | #8919 |9~1325 | 3.5147 fen.i8]0.i313) -53
“AOT 42645 | 49.2010.1368 ] 3.97565 [ 49,18 §02355] 3.724% | 49.17 13,0750 1 3.5021 47.06]0.1342] =43
=301 4:3695 1 50.1210.1398 ] 4.0748 | 50.17]0,1362] 3.8167 § 561431573 | 3.309) [50.1312.1355] ~30
=231 447471 31,1910, 14104 1 AL LT29 1 5017]0.2405] 3.9089 | 51.16 10,1995 | 3.5797 |51.15)5.1383) <25
“10} 405795 | 32.2010.8437 ] 4. 2710 | 52:19{01428] 4.0009 | 5207 {91419 | 3.7627 [52.15]0.1411] <13

01 446846 | 53.2210.1460 | 43689 | 53.28 {01450 #0929 | 53.2010.14%2 ] 39473 [53-19{3.1433 3
10] 47851 § 54.2610.1462 ] 4.4568 | 54,2410.1472] 4. 1868 | 54,23 [0.166% | 3.9357 | 56.22}0.145% Lo
20] 489371 55.2010.1504] 4.5646 15529101495 4.276% } 55,0 10,1480 [ 4.222¢ 55.27¢3.14¢3 23
3DE AL9783 | 56.36[0,1526] 4.6622 | 50.3510.1516] 43582 | 95,35 10,1508 [4.1583 }556,3210.4433 30
401 5.1020 | BT.43]0154T | #7595 | 57+4210.0538] 4.4598 | 57,41 [3.1527 [ 4.1351 |57.4200.18521 5D

501 5.2072] 58.5110.1569] 4.8574 | 50.50§0.1%559] 4.5514 | 58,49 §9,1550 | #.2813 [56.58]0. 1542 50
501 543115] 59.6010.1590] 9.9549 | 59.59{01581] %.6%29 [ 52,58 [0.1572 14.3475 | 53.57]3.1556% 53
T0| 5441881 60,7010.1611 ] 5.0%23 [ 60.69[0.1602] 57343 | 60,5668 (0.1593 | 4.4537 |63.67]3.1%35 10
80} G5.5200) 61.8210.0832] 5.1497 | 61.80]0.16221 4.8256 [ 61.790-1544 | %5397 [61.78]5.15)5 g2
901 5.6242 | 62.93[0.1632] 9.2470 | 62.92[0. 4643 99170 | 62.91 [0.1634 | 5.5257 {52.3300.1525 35

100} 5.7283 ] 644061041673 5-3443 | 6405016531 5-3082 | 6405 (241555 | %7117 | 54.0300.15605] 130
1101 5.8324 ] 65.20]0.1693 ] 5.4415 [ £3.19]0.1684] 5.0304 | 65.18{0.1675 | c.797% V45, 17)0.1657% 112
1201 5.9364 | 66435(0.1713 5.5387 | 66.30{0:1708] 5.1906 | 66.33(0.15%5 | %.88  [65.72[2.1657] 123
1301 8:0404 ] 6T.5L1041733 ] 5,6358 | 67.5010.1723] 5.2817 | 67.4910.2735 | 49593 [67.%3|2.1737} 132
140 | 6.1444 ] 58.68]10.1752 ) 5.7329 | 68.67]0.10763] 5.3728 | 58,66 [0.1736 | 5.3551 [565.5513.1725§ 14)

150] 6024831 69,86]0.1772] 5.0297 | 69.8510,2763] 5.6639 | 69:84 |0.1754 | 5.16429 [563.33]0.1755) 152
160 ] 6.38221 73.05[{0.1791 ] 5.9270 | 71.04|0:1782] 5.5547 | 71.03 3. 4773 §5.2255 [ 70.22]3.4755] 153
170 8.4560 ) 72.24]0.3810| 5.0240 | 72.26]0,1900 ] 5.6459 | 712.23 131732 | 5.3123 [ 12.22]2.478%] 173
1007 6255991 72.4510.1829 1 641209 | 73.4470,1820] 5.7369 | 73.43 2. 1801 12,5985 1 73.43§3.1333] 133
190 666371 TA.66[0.18481 62179 | T4.66§0.1839] 5.0278 | 74.65{D. 1833 §5,4835 | 76.54{0.21522] 122

2001 6.T674 ] 75.89]|0.1867] 6.3148 | 75.8680.1858% 5.9187 | 75.87(0.1847 |5.55632 §75.37}2.1341} 230
2100 68712 ,Va12|042885] 6.4316 | 77.51|0.1876} 6.0096 | 77.10|3.1867 | 5.5568 | 77.123}3.2852} 2123

) 2.0 9.5 10 11
TEMP, 17.60* (~89,51°F,) 10.58* {~87.66°F,) 2.56* (-85.59°F,)  7.53* (-82,55°F.) | TEMP.
F \ 4 H 5 v H $ A H ] N H : S oF
(2.8946) {(44.411(0,1214)¥2,7532) }(44.57)1(0.2211)1({2.6254) 1(44.72) }{0.1208)1(2.4033) ¥44.99)4(0.1203}

=801 2.9737 | 45.5000.1238} 2.0136 {45.28]0.1230] 2,83855 § 45.27 ).1223 } 2.4208 [ 45.23}0.1210] -e0
~TO[ 3.0566 ] 46.24)0,1262] 2.8924 [ 46.23[0.1255] 2.7445 | 46.21 [0.1248 | 2.4892 | 46.18]0.1234} -7C
~60§ 3.1394] 47.20]0.1286] 2.9709 [ 47.1810,1279] 2.8193 | 47.17[0.1272 | 2.557% | 47.14]6.1253] ~&0

=50} 3.2219] 48.146]0.1310! 3,0493 | 48.15]0.1303] 2.8939 | 48.13[0.2296 { 2.6254% | 48.10{0,1283] ~50
=401 3.3044] 49,14[0.1334] 33,1275 | 49.1310.1326} 2.9683 | 49.11j0.1319 | 2.6933 | 49.0910.1306] ~40
~30) 3.3867] 50.13]0.1357} 3.2056 | 50.12}0.1350] 3.0426 { 50.10]0.1343 | 2.7611 } 50.08}0-1330} ~30
=20) 3.4688 ] S51.13;0.1380f 3.2635 | 51412]0.1373} 2.1166 | S51.11 01366 [ 2.8287 | 51.08]0.1353] -20
=101 3.5509§ 52.1%{0.1403] 3.3614 | 52.13(0.1396} 3.1908 | 52.12{0.1389 | 2.8962 | 52.10{0.1375] ~-10

Gf 3.6328] 53.1710,1425] 3v4391 | 53.16]0.1418] 3.2648 ] 53.15(0.141) | 2.9636 [ 53.12]0.1398 o
1G] 347247] 54.2110.1448]1 3.5168 | 54.20[0.14%0F 2.3386 | 54.1910,1433 | 3.0310 | 54.16]0.1420 10
201 3.7965] £5.26]0.1470] 3.5943 | 35.2500.,14563] 3.4124 ] 55.23(0.1456 | 3.0982 | 55.21]0.1442 20
30F 3. 8782 56.32]0.1492) 3.67i8 | 56.30]0.1484] 3.4851 | 56.2910,1477 § 3.1433 | 56.27]0.146&% 10
40) 3.9598} Z7.29|0.1513] 3.7492 | 57.37]0.1506] 32.5597 | 57.35{0.1499 | 3.2324 § 57.54]0.148¢ %0

50| 411413 58,46j0.1535] 3.8265 | 58.45]0.1527] 5333 | SB. 44 [0.1520 | 3.2994 | 58.42j0,1507 30
60} 4,1228 ] 59.56f0,1556] 3.9038 | 99.55|0.1%549] 370567 | 59.54[0.15%2 | 3.3863 | 5%.51]0.1529] 40
T03 4.2042) 40.566§0.1577] 3.9810 | 60.6%]10.15T70] 3.7801 | 60.6410.1583 } 3.4332 [ 60.62] 041530 70
B0} 422856 6i.77{0.1598] 4.0582 | 61.76]0,1590] 3.8535 | 61.75]0.1583 | 3.5000 j 61.73{0.1570 &0
90] 4.3669¢ 62.8970.1618] 4.1353 | 62.88]0.,1611] 3.9268 } 62.87]0,1604 § 3.5647 | 62.8510.159% 50

100] 4.5481 1 64.02]0.1639] 4.2123 § 64.0110.1631] 4.0001 | 6%.,0010.162% | 3.6335 | 63.9910.1412] 109
13.0] 445293} 65.16]0.1659] 4.2693 | 65.16]0.1652] 4.0733 | 65.15]0.1645 § 3.7001 § 65.13§0.1632; 110
120f 4.56105) 66.32§0.1679) 4.3663 | 656.31]0.1672} 4.146% | 66.30]0.1665 | 3.7667 ] 65.28]0.1652) 120
130] 406916 67481041699 ] 44432 | 6Tu4T]0:1692) 42196 | 67.46]0.1683 | 3.8333 | 67.4%] 01572} 13¢C
140] 407727 68.6510.1718] 4.5200 | 66.6410.1713] £.2926 ] 68.63[0.1704 | 3.8998 | 68:6110.169%) 140

150} 4.8538] 69.83]0.1738}) 4.5969 | 69.8230.1731] 64,3657 ] 69.81]0:1726 1 3.9663 | £9.79}0.271%] 150
160} 4,93481 T1.02]0.1757) 446737 | T1.01]0.1750] 4.4387 )} 71.00§0.1743 | 4.0328 { 70.98] 0.1 730} 18D
170) 5.0158§ T2.21{ 021777 %7505 | 72.21j0.0769] 4.5117 1 72.20}0.1762 | 4.0992 { 72185 0.174%] 170
180] 5.0967] 73.42]041796] 4.8272 ] 73,41]0.1788] 5640 | 73.40§0.1781{ 4.16356 | 73.39]0.31768] 140
1907 51776 74.6310,1814) 4,9039 | 76.46310.1807] 446575 ] 74.62]10.1200 § 54,2320 } 74.61§0.1767} 190

200} 5.25851 75.86]0.1633] 4.5806 | 75.05]0.1826! a.7204°} 75.84i0.0010 baozoss ] 75,82  oureel 200
210] s5.3395) 77.09j0.1852] s.0572 | 77.08]0.1844] 4.8023 ] 77.02]0.1837 1 %3637 | 77.050 0.1525] 210
220} 5.4202] 78.33J0,1870] 5.1339 | 78+32/0.28463] &.8761 ) 78.32{0.1856 | 4.4307 | 78.30} 01883} 220

i ,
*laches of Rarcury balow ens sfumsphers, -
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Pavolusz moeu f1jib: i! erta’m'oy in BloHb; S”er‘impy in 5*!&:/(15}("51} {xaqufiaﬁ pﬂ},f‘;’ﬂéff in ;s{éﬁfﬁ#ﬁ‘!}

5%53 @&&ﬂ”ﬁ ?%i%?ﬁé E, §§§/%€g §§%

T 12 KN 14 1T T
THEEP. T e (,,.79 435&, Bt (L76.57°F,) V42" (73.77°F,) 0_(~7L95°F.) Ll
F vV 1 H S Y i 5 Yo H 5 YV Iy T3 &

(2.2170) (45.25) [(0.1199)\(2.0502) Y15.49) [(0,11954(1,9213) 1745, 72] |0.1151) (1.8366) ¥45,67)§0.1769)

=701 2.2763] 46.15]0.1222] 2.0962 46,1140,1215] 1.9418 | s6.080.1201 1.8440 1 45.0610.1194} ~T0
~601 23391 ] 8T, 100002461 2.1544 | 67.071]0.1235] 1,9941 57.0410.1225 | 1.6946 | 47.0210.1218] -69

=501 Z.4017] 4B.07{0.1270] 2.2324 | ¢5.08]0.1259 2.0501 1 48,0210.1249 § 1.9902 | 47.99)0.1262]) ~5p
“AOL ZaA6421 49.06{0.1290] 2.2707 } 40.03]0. 1203 2.1040 § 42.0010.1273 | 2, QOIL 4B.98]06.1266] <40
<301 2452051 S50.05}0.1318] Z,3279 lﬁO;QZ 0:1306] 251877 { 50.00]0.4296 | 2.05 £9.9810.4289) ~30
<201 2.568861 51.06)0.1341] 2.385% ° 51.0%0.1330) 2. 5114 3i.00§0.3319 2‘10%2 50.9810.1313! -20
»30) 2.6507] 52.07,0.13641 z.:33) Ve pslo. 1352 2~26%9’ 32,02 1041342 | 241552 | 52.00{0.1333} -10

Ol 2.7127] 53.10{0.1366° 7 ®vr e 1102 1375) 2031 37 3.0510.1365 | 2.2062 | 52,03 241358 14
0] 2.77481 5514101400 4. cp Mela 013078 2.1t v 409 6. 1387 | 242571 | Bel.0¥ G361 ita
201 2.03631 55,19/0,14301 ¢ - 0 L5 wgin,pd g Ze B LLS.U 0.1409 [2.3078 [55.200.1503] 2o
301 2.8980 56.25]0.1457, : 9662310, 160% 1 £ 120 56, ca.1430 | 203585 $6.1%10.1425 39
401 2.9596| 57.32]0.14° | & . Te3010.1463( 2 2071 57.20f0.14%3 | 7.4008 To7.28 Bels4it 40

501 3.0211] S8.40010.1456] 2.7057 | %6.38{6.1485] 2.5839 56306161474 | 244597 | 45.346]0.1448 50
601 3.08251 59,4910 15071 2.08426 | 50.47]c.150c1 2.03%8 59.4510,1496 | 2.5101 | 59.44]0.148%) &0
T01 3.14450 7 60.6070.1538 2,63994 | 60.06{0.1527 2:6096 1 60,56 [0.1517 | 2.5605 | 60.54[0.1516) 70
GO 3.2054) $1.71{0.1552) 2.956) [ 61.69]0.1548) 2.7424 6167101538 [ 2,6109 J61,66{0,1531 4o
9N 3.20671 62.83|0.1579 3.0128 | 62.82[0.1568] 2.7952 62.6010.1559 | 2.6612 | 62.78}0.1552] 90

1001 3.32791 63,9710, 1600 3.0694 | 63.95{0.1589] 2.8479 63.9310.1879 | 2.7114 [&3.92{0.1572] 100
L1014 3,38921 65.11{0.1620) 3.1260 | 65.09]6.1609] 2.9005 65.08 10,1599 § 2.7616 [63.06§0.1592) 110
120] 3.4503] 66.2610.1640] 3.1826 | 66.25]0.1629] 2.953) 66.2310.96%9 | 2.8118 J 66.22]06.1612] 120
1304 3,58041 67.43]0.1660] 3.2391 | 67.4110.184%| 3.00%6 | ¢7.39 2. 14 % £2.8619 167.38{0.1632] 130
140} 3.5725] 68.6010,1580) 3.295% | 68.58{0.1869] 3.0581 68.506 (01659 | 2.9119 | 68.55§0.16%2] 140

150] 3.6335{ 69.78|0.1699] ., 3520 | 69.7610.1688 3.1106 1 69.75 {2.1678 | 2.9620 | 69.73}0.3672] 150
16D 3.6946 ] 70.97]0.1718| 3.4083 } 70.95|0.1708 3.1430 | 70.94 10,1698 | 3.0120 | 70.93}0.16%1] 180
1701 374551 72.17]0.1738{ 3.4647 | 72.15{0.1727] 3.2154 72,14 10,1717 | 3.0619 [ 72.13{0.1712] 170
186} 3.6165 | 73.37{0.2757 1 3.5210 | 73.36 10,1746 3.2678 73.3410.1736 13.1119 | > .3310.1729] 180
1901 3.8774 | 74.59{0.1776 ] 3.5773 | 74.58]0.1765 3.3201 | 74,56 [D.1755 | 3.1618 |, .55]0.37% 190

2001 3.9303 1 75.62|0.1794 | 3.6336 | 75.80(0.1783] 3.3724 15.7910.1773 13,2116 ) 75.78{0.2767] 200
210] 3.9991 1 77.05{0.1813{ 3.6898 | 77.03|0.1802] 3.%247 77.02 §0.1792 | 3.2615 | 17.02)0.178% ) 210
220 £.0599 1 78.29]0.1831 | 3.746C | 78.28 [0.1220] 3.4770 78.26 10.1810 }3,3113 | 78.74 D.180%y 220
230} =.1208 | 79.54]0.1849{ 3.8022 | 79.92 [0.1639] 3.5292 79.51 [0.1829 {3,3611 |79.° P 0.1622) 230G

15 16 17 18
TEEIP. 0.3 psig (-71,17°F.) 1.3 psig (-~68.71°F.)} | 2.3 psig (~66,36°F,) 3.3 ;eig (-54.12°F,) | TEEAP,

o vV I H S ki H S Y H S v H S F
(1.8020) l(45.94) [(2,1188)](1,6971) |(46.14)}0.1185)(1,6040) |(46.35) |(0.1162)](1.5209) Y46.52)(0.1179)

~70§ 1.8080] 46.05] 0,1191 ~ - - - - - - - - ~70
=60} 1.8588] 37.01]0.4215) 1.7387] 46.96}0,1206| 1.6327 46.95% 01198 § 1.5385 | 46.92} 0.1189] ~&0

=501 1.9094¢ 47.99]0.1239] 1.7864] 47.96] 0.1230] 1.6777] 47.93 0.1222 | 1.5812 | 47.%0] 0.1214] ~%50
~540] 1.9599) 48.97/0.'263| 1.8338] 48.94]0.1254] 1.7226] 48.91[0.1246 1.6237.] 48.88] 0.1237] -40
—~303 2.0102] 49 .97 0.1287} 1.8812{ 49.94 0.1278] 1.7673 ] 49.21]10.2269 | 1.6660 | 49.88] 0.12611 -30
=20} 2.0604 50.98] 0.1310{ 1.9284 | 50.-95}v.1301] 1.8118] 50.%2 0-1292 | 1.70282 | 50.90{ 0.1286] -20
~10] 2.1105] 51.99)0.1333] 1.9755| 51,97/ 0.1324] 1.8563 ] 51.94 0.1315 | 1.7503 | 51.92} 0.1307] —10

O} 2.1605; 53.02| G.1355] 2.0224| 53.00|0.1346] 1.9006 | 52.97 01338 { 1.7923 | 52,95} 0.1330 o
10§ 2.2104] 54,070 0.1378] 2.0693 | 94.04[0.1369] 1.9443 ) 54,02 0.13560 | 1.8342 § 53.99] 0.1352 10
20§ 2.2602] 55.12{0,1400] 2.1161 ] 55.09]0.13%1} 1.98901 55.07 0.1383 1 1.8760 | 55.05] 0.1375 20
30) 2.3098] 56.18}0.1422] 2.1628] 56.16]0.1413} 2,0330 56.14]0.1477 | 1.9177 | 56,11 0.1397 30
401 2.3595] 57.2510.1%44] 2.2094 | 57.2310.1435} 2.0770) 57.21}0.1425 19523 1 57.19] 0.1413] 40

301 2.40900 58.3410,1465] 2.2560 | 58.32]0.1456] 2.1209] s8.30 0.1458 1 2.0009 | 58.27] 0.1440 50
001 2.4585] 59.43] 0.1486] 2.3024 | 59.41/0.1477] 2.16881 59.390 0.14869 | 2.0424 | 59.37] 0,144} 1]
701 2.50791 60454 0.1507] 2.3489 | 60,52}6.1498] 2.2085] 6c.950}0.1490 2.0838 | 60.48{ 0.1452 70
B0 2.5573! 61.65]0.1528] 2.3952 | 61.63]0.1519] 2.25221] 61.61 041511 | 2.1251 § 61.59] 6.1503 89
90f 2.5086| 62.78] 0.1549| 2.4%415] 62.76}0,1540] 2.2959] 62.7410.1532 2.166% | 62.72] 0.1524 20

100} 2.6558) 63.9110.1569] 2.45781 63.89]0.1560] 2.3395] 63.88 0:.1552 | 2.2077 | 63.86] 0.1544} 100
110} 2.7050) 63.06] 0.1590] 2.5340% 65.04]0.1581] 2.38301} &45.02 C.1572 1 2.2489 | 65.00] 0.1555] 110
120} 2.7542( 66.21|0.1610] 2.5801 | 66.19f0.1601] 2.4266} 66.18}0.1593 2.2501 ; 66.14] 0.158%] 120
1300 .8033F 67.3010.1630] 2.6262 | 67.3610.1621] 2.4700} 67.3610.1512 203312 ) 67.321 0.1605%] 130
140} #.8524] 66.55]0.1649] 2.6723 ] 6£.53}0.1640] 2.5135} 68.5110,1632 2.3722 | 68.50] 0.1624] 140

160F 2.95041 70.92) 0,1688] 2.7644] 70.51]0.1679] 2.8002] 70.89 0.1671 | 2.4563 § 70.87) 0.16563] 19
170§ 2.9996) 72.12{0.17071 2.8503 ] 72.11}0.1699] 2.8435] 72.09}6.1690 264982 1 72,07} 0.1683] 370
180] 3.0483) 73.33]10.17268] 2.8563 ] 73.31]0.1718] 2.8868) 73.20l0.17009 205362 §-73.221 0.1702}] 182
1907 3.0972] 74.55]0.1745) 2,9022 { 75.53 0-1737] 2.7301§ 74.5210.1728 § 25771 | 74.50] 017228 19y -

1301 2.9014] €9.73}0.1669] 2.7184 ] 69.71§06.2650] 2.5568] 69.70}D.1652 2.4133 69.68‘0s16§6 150

3.0F 3414614 T5.77f 0.1T64] 2.9450 ) 7%.7810.1755] 2.7733} 73.7% 0-1747 1.2.6180 § 75.73] 0.1739} 200
2100 2.194%) 77.0170.1783] Z2.9939 | 76.99]0.1774] 2.8165 ] 765981041766 2.6380 § 76.98I N 17581 210
220} 3.2438) 78.25/0.1801] 3.7397 ] ¥8.23}0:17%2) 2.8397§ 78.22{0.1784 | 2.5595 3 7223} 0LLTTS] 226
2305 3.2926].79.50{0.1819] 37055 { 79,48 0.10885) 2.9026 | To.5710. 1802 22T40% y T9:46] Ul T 2329
240 - - - 3.1313 ' 8074101829} 2.9359 ] 80.7230,1820 | 2:.7512 40.72; 018138 240

*tnchas of Merciry balow sas @mosphers:




1z

Vavolume i eu JiHb;

CEREON-13B1" - SUPERHEATED

VAPOR

Hoenrholpy In Beaflh; - Swmentes; ; in Bru](Is{oR}  (1aturatlon propesties in parenikazss)

ABSOLUTE PRESSURE, i%/3y bn

VERP |48 01 (51979 | 53 peip (=59,91°F,) | 6.3 pelg (57.92°6,) | 7.3 pulg (56,01 F,) | TEEIP,
F 4 1.5 Y . 5 - v b u | s 1y 1 H , =
(.4462) Y26,69) |(0.3172)}(1.3786) |(46,86)(0. 11758 ¢1,3173) V(27,03 l0.1072)](1.3613) Y47.18)|(0.1 170
~en} 1.4342] s6.09f0. 1182 = - - - - - - N ~ 1 Lag
=501 1.4940] 47.07)0.1206] 14170 | 47.83)0.0199) 1.3466 ] 47.600.1192 | 2.2826 | 47,77} 0. L185] <50
~40) 1.9352] 46.860041230] 1.4955 | 40.8370.1223] 1.3834 | 46.60]0.123¢ | 1.3179 | 43,771 0.1209] ~40
~30f 1.5754] 49.86]0.1253] 1.4939 | 49.03}0,1246] 1.4201 | 49.50]0.123% | 1.3530 | 49.77} 0.1233] =30
~20) 1.6155] 50.87]0.1277] 1,3321 | 90.84{0.1269] 1,456 | 50,83 0.1263 | 1.3080 | 50.79] 0.1256) «20
“10f 1.6555] 51.09/0.1300] 1.5702 | 51.86[0.1292] 1.4930 | 51.84[0.1206 | 1.4228 | 51,080} 0.1279 ~1o
ol 1.6954] s2.9200.1322) 1,6002 | 52.90]0.1315] 1.5293 ] s2.07]0.1308 | 14576 | 52,08 01302 o
10f 1.7352] 53.97/0,1345] 1.6461 | 53.94[0.1338] 1.5655] §3.920.1331 [ 14922 | 53.90] 0.1328] 10
20 1.7749] 55.02/0.1367) 1.6639 | 55.00]0,1360] 1.6016 | 54.98]0.1353 | 1.5267 | 54.23)n.1347] 20
30f 1.8145] 56.09]0.1389] 1.7216 | 56.07|0.1382] 1.6376 | 56.0%]0.1375 | 1.5612 | 56.02{0.1369] 30
40 1.8340] 57,17/ 0.14111 1.7592 | 57.14[0,1405] 1.6735] 57.12]0. 1397 | 15058 | 57.10]0.1390] 40
s0f 1.923s] se.25l0.1432] 1.7968 | 58.23]0.1425] 1.7093 ] sn.21{0.1618 | 1.6298 | s8.19]0.1512] S0
60| 1.9329] 59.3510.1456] 1,8343 [ 59.33[0.1447] 1.7451 | 59.310.1440 | 1.6640 | 59.29]0.1433] 60
70| 1,9722| 60.4610.1476] 1.8717 | 60.44)0.2468] 1.7808 | 60.52[0. 1461 | 1.6982 | 60.40|G.1456; T0
80 2.0114f 61.57[0.1496] 1.9091 | 61.56|0.1489] 1.8165 | 61.5410.1482 | 1.7323 | 61.52]0.1475] @0
90} 2.0506§ 62,771 0.1516] 1.9464 | 52.6610.1509] 1.8521 | 62,56 (0.1503 | 1.7463 | 62.64] 0.1496] 90
100} 2.0a9e| 63.84]0.1537] 1.9836 | 63.82{0.1530] 1.807¢ | 63.00]0.1523 | 1.8003 | 63,76} 0.1517] 102
110] 2.1289) 64.99]0.1557| 2.0208 | 64.97]0.1550] 1.9231 | 64.95{0.15¢2 | 1.8362 { 64,93} 0.1537] 11¢
120] 2.1679] 66.14]6.1577] 2.0580 | 66.12]0.1570) 1.9585| 66411 0,156+ | 1.8681 | 66.09] 0.1557] 120
130} 2.2069) 67.3110.1597] 2.0951 | 67.29]0.1590f 1.9939 | 67.27|C.1583 | 1.9020 | 67.26]10.1577] 130
140] 2.2459] 68.,48]0.1617) 2.1322 ] 68.46]0.,1610] 2,0291 | 08.45]0.1603] 1.2358 | 68.43}0.15971 1.0
150] 22848 69,67]0.163T] 2.1692 ] 69.65]0.,1630] 2.0646 | 69.63[0.1623 | 1.9695 | 69.62]0.1616] 15D
160 2.3237} 70.86}0.1656) 2.2062 | 70.84)0,1649] 2.0999 ]| 70.8310.1642 | 2.0033 | 70,81]0.1636] 160
170{ 2.3626] 72.06{0.1675] 2.2432 | 72.04]0.1668] 2.1352 | 72.03]0.1662 | 2.0369 | 72.01] 0.1655] 170
180) 2,401a( 73.27)0C. 1694} 2.2801 | 73.05]0.1687| 2.1704 | 73.24]0.1681 | 2.0706 § 73.22] 016746} 160
190) 2.%402] T4.4910.1713] 2.3170 | 74.47}0.1706] 2.2056 | 74.46§0.1699 | 2.1042 } 74,441 0.1693] 190
200 2:.4790) T5.711 91732 2.3539] 75.70]0.1725] 2.2407 | 715.69]|0.1718 | 2..1378 | ¥5.67] 0.1T1Z} 200
210} 2-5177] 76.95|0.1750] 1.3907 | 76.94)0.1743} 2.2759| 76.92]0.1737 | 2.1714 | 75.91f 0,173} 210
220§ 2.5566] 78.19]0.1769] 2.4276 | 7a.18{0.1762] 2.3110 | 78.17]0.1755 | 2.2050 | 76.15 0.1740] z20
230] 2.5951] 79.44]0.1787] 2.4644 | 79.43{0.1789] 2.3460 | 79.42]0.2774 | 2.2385 | 79.40f 0.1767] 230
40| 2.6336] 80.70]0.1805) 2.5011 | 80.69}c.1798] 2,3811 | 80.68}0.1792 | 2.2720 | 30,68} 6.1785] z40
250} - - - | 2.5379 | s1.96{0.1816] 2.4161 | 81.940.1510 | 2.3055 | 81.93) 0.1803] 250
23 24 25 26
TEMD. 8.3 psig (~54,16°F.) 9.3 psig (~52,38°F,) 10,3 psig (-50.65°F.) 11,3 paig {~48,97°F.)| TEHP.
oF v H $ Y H $ v H S K H S F
(1.2100) Y(47.33) [(0.1168)](1.1628) |(47.48)|(0.1167)|(1.1192) |(47.62) ¥0.1165) |(1.0789) |(47.75)}(0.1153)

~50] 1.2241] 6T74 L1079 141706 | 47.71]|0.1172] 1.1213 | 47.681{0.1160 - - - -50
~450] 12560 48.7410.1203] 1.2031 | 48.71|0.1198] 1.1526 | 58.68 01190 1.1060 | 48.63]0.1L85] —40
-30| 1.2917] 49.74}0.1226| 1.2356 | 49.710.1220] 1.1839 | 49.69]0.121% | 1.1362 | 49.66]0.1209] ~30
~20] 1.32531 50.76]0,1250] 1.287¢ [ 50.73{0.124%] 1.2149 ) 50.706]0.1238 1 1.1661 § 50.6810,1232{ ~20
101 1435871 S1.79]0.1273] 13002 1 5170061267 1245, ] 51.73}0.1261 | 1.1960 §51.71}0.1255] ~10
0) 1.2920] 52.82}0.1295] 143320 ! 52.80]0.128%] 1.2767 | 52.77j0.1284%4 | 1.2257 | 52.75]{0.1278 0
10] 1.4253) 53.87]9,1318) 1.3639 { 53.65j0.1312] 1.307% ] 53.82}0.1306 | L.2553 | 53.80]0.1301 10
20! 1.4584] 54.93|0.1340] 1,3957 | 54.91|0.1334f 1.3381 | 54.68|0.1329 | 1.2849 | 54.86)0.1323 20
30) 1.5914] 56.00[0.1362] 1.4274 §{ 55-78]0,1356] 1,3686 ] 55.95/0.1351 § 1.3143 | 55.93]0.1345 30
401 1.5243) 57.08{0,1384 1.4591 | 57.06]0,1378] 1.3991 | 57.03j0.1373 § 1.3436 | 5T.01j0.1367 %0
50| 1.5572| 56.17)0.1406] 1.4907 | 58.15}0.1400) 1.429¢ | 58.120.1324 | 1.3729 | 58.10{0.1389] s0
60| 1.5900] 59.27]0.140271 1.5222 ] 59.25}0.1428] 1.4597 | 59.23]0.1416 ] 1.4021 | 59.2010.1410 &0
T0] 1.6227) 60.3810.1448] 1.5536 | €0.36]0.1442] 1.4900 ] 60.34]0.1437 | 1.4312 | 60.32]0.1431 70
80] 1.b63554] 61.50]0.1469] 1.5849 § 61.48]0-1463] 1.5201 | 61.46f0.1458 | 1.4603 | 61.456}0.1452 A0
S0{ 1.6BB0f 62.63|0.1490] 1.6163 | 62.61{0.1484] 1.5502 | 62.59]0.1478 | 1.4893 | 62.57]0.1473 30
100} 1.7206] 63.76§0.1513 ] 16475 1 63.75]0.1505] 1.5803 ] 62.73}0.14% | 1.5182 1 63.71}0.1493) 100
120) 1.7531) 64.91] 01530 ) 16787 | 64.90§0,1525] 146103 | 64.88]0.1519 § 1.5471 { 64.861C.1554} 110
1201 1.7856) 66.L710,1551] 1.7099 ] 66.05§0.1545] 1.6403 | 66.0410.1539 | 1.5760 § 656.02j0.,1534] 120
130] 18180 67.24§0.1571] 1.7410 | 67.2210.1565] 1.6702 1 672001559 { 1,548 | 67.19§9.155+] 130
180] 1.5504) 68,61{0.1591] 1.7722 | 6B.40]G.1585] 1.7001 ] 68.3810.1579 | 1.623% | 68.36f0.1574] 140
150) 1.8827) 69.60]0.1610] 1.8031 | 69.5850.1€04) 1.7299 ] 69.57]0.1597 | 1.64623 | 69,551 0.1593] 150
1601 1.9150] 70.79}10.1630] 1.8341 | 70.78{0.1624] 1.75397 1 70.76]0.15618 1 1.6%10 | 70.7510.1613] 1463
1704 1.9473) 72.00}0.1649] 1.8651 | 75.98]0.1643} 1.7895) 71.97]0.1638 | 1.7197 [ 71.95)0.1432] 170
180] 1.97951 73.2110.1686] 1.8960 ] 73.19]0.1662] 1.8192 | T3,1810.1657 | 1.7483 ] 73.16]0.14652; 150
190] 2.0217] 74.43}0.1687] 1.9269 | 74:41{0.1681] 1.8439 | 74.40]0.1676 | 1.7789 | 74.33] 0.1670] 130
200] 2.0439] ?5.66[0.1706 1.5%78 | 75.64|0.1700] 1.6786 | 75.03{0.169% | 1.2954 | 75,617 0.16898 200
210} 2.0760) 18.89]0.172¢7 l.95:3 | 76.88]0.1719; 1.9082 T6.87{0.3715 § 18340 | 76.65]0.1708] 210
230) 2.1082] 73.1610.1743] 2.0195 | ve.12l0.17371 1.9378 | Te.11]0.1731 | 1-8625 § 78570} 0.1726} 220
2301 2.1403] 79.39}0.1761) 2.0502 | 79.38:0.1755] 1.2674 ] 79.36051750 ] 1.8920 1.79.35]0.1784] 230
za0] 2.1723] 80.85]0.1779] 2.0810 | 20.66]0.1773} 1.9970 ] 80.6210.1765 | 1.913% | 80.61] 0.1763§ z20

2501 z.2044) s1.92]0.1797] 2.1118 | 81.90]0.3793] 2.02¢5 {siievio 1ves | 1 9579 [ mr eefo.tTo1y 256

260 - - - - ~ - - = 4 e D 1597637183.1510.0798 1 260 -

L




HEREON-13B1" - SUPERHEATED VAPOR

Vevolume Incu fi]lh; Hwenthalpy in Riufle; - Smenivopy in BraltibOR}  Asaluration propesties In parentheses)

ABSOLUTE PRESSURE, Ib/sq In

; o B E?i”; ",,, ] ,,,23,_ " L ) A a3 ', 1 )
TRAIP. | 7125 peig (~47.349F,) | 133 pelg (-45.76%7.) | 14,3 psig (~45.42°F,) 15.3 paig (42,7107, | TEEIP,
A O 70 N - 2 O T I I V [ H 15 |
. (1.0414) 1(47.68) (0, 11621103, 0368} 1(48,61)1(0. 1160/1(6.9739) {(48.13) 10,1159} [(0.9434) r42.25)10.7 157}
=401 1,0629 | 40,82]10.1179] 1.0228 | 45.59]0.3175) 0.9854 | 48.56 [0.116% {0.9504 Jse.ssfo.116s] 40
<30 240720 ) 49.6310.1203 | 1.030% | 49.6010-1196]| 1.0127 | 49.57(0.1193 | 0.9771 [49.54]0.1068] ~30
=20 | 141209 50.6510.12271 1.0790 | 50,6210.3220 | 1.0399 | 50,59 [0.123¢6 | 1.0034 [50.57]0.1211] ~20
~301 141490 S1.68]0.0250) 11068 | 55.65{0.1245] 1.0669 | 91.63{0.2737 | 1.06296 | 58.4310.1235] ~to
0f 141765 ] 32.72/0.1273 | 1.1346 | 52.70[0.1267} 1.0938 | 52.67{0,1262 | 1.0556 | 52.64)0.1258 0
10| 12078 | 53.77]0.1295] 14823 | 53.75]0-1230| 11205 | 53.72{0.1283 | 1.0886 |53.70f0.1260] 1o
201 122356 %4,83/0.13168] 1.1890 [ 54.82{0.1312] 1.1472 | 54.72 10,1307 | 11075 | s6.76i0.1302) 20
“o1 142660 55.9110.0%40 1 1,2073 | 949,80 (0.1335] 1.17338 | 95,86 {0.1%330 | 1,1332 | 53.84l0.1325] 30
wul 142923 56.9910.1362) 1,246 | 5697 [0.1357] 1.2003 | 56,94 [0.13%2 | 1.1589 ) 56.920.1387] &0
501 1532051 98.08]0.1383] 1.2719 | 58.06{0.1378] 1.2267 | %8.04 10.1373 | 1.1846 [58.02)0.1308] 350
60] 134871 59.10{0.1405] 12992 159.16]0.1400] 1.2%30 | 59.14 [0.139% | 1.2100 §59.12{0.3390) &0
701 1.37681 60.3010.1426 | 1.3263 1 60.20[0.1428 | 1.2793 | 60.25 Jo.1ats | 1.2354 |en.23)0.1813] 70
Q01 1.4069] 61.42]10.2447 1 1.3534 | 61.400.2442] 1.3055 } 61.30 10,1437 [1.2608 | 61.36]0.1432]7 ap
90] 147328 1 62.55[0.1460 1.3804 | 624533]0.1463 | 3,330 | 62.51 {01438 | 1.2861 [62.49]0.1453] 90
100 17608 ) 63.69[0.1488 ] 4.4074 | 63.67[042483| 13577 | 52,65 [0.1678 | 1.3114 | 630302478 100
110§ L.4BAT| 64.84/0.1509] 1.4343 [ 64.82]0,1996] 1.3838 | 64.80{0.2499 [ 1.3386 [64.74[0.1896] 110
120 1.5165 ] 66.00[0.1529] 1.4612 | 6%.980.1524] 1.3098 | 55,97 (01519 | 1.3618 |65.3500.1584] 120
130 1.5843 ] 67.1710.1549] 14881 [ 67.35|0.1544 0 1.43%57 | 67.14 {0.1530 | 1.3869 | 67.1200.1534] 130
1401 1.5720] 68.35|0.1569| 1.5149 | 68.33|0.1%64] 1.4036 | 68,31 [0.155% | 1.4122 | 68.30{0.1554] .10
1501 15997 ] 69.5410.1588 1.5%10 | 69.52 (0.1583 ] %.4875 | 69.50 (0.1578 | 1.4370 | 69.49{0.1574| 150
160] 1.6274] 70.7310.7608| 1.5683 | 70.7110.1602] 1.5133 | 70,70 [0.2598 | 1.2620 | t0.68]0.1592] 180
L1701 16550 | T1.960.1427 143950 | T1.92]0.16221 1.539) | 71.90[0.1617 | 1.4870 §71.89{0.16:2] 170
1801 1.6826] 73,15/0.1646] 1.6217 | 73,100,166, 1.5649 | 73.12 (01636 | 1.5119 { 73.10{0.1622] 180
190 1.7102 ] 74.37/0.1665 ] 1.6%83 | 74.36 {06.15861 - 7..5306 | 74,34 10,1655 | 1.5368 | 75.33[0.1652 ) 190
200] 1.7377| 75.60[0.1684 | 1.6789 | 75.59)1.267%} 1.6163 | 75.57 [0.15%~ [ 1.5617 | 75.55{0.1653 ] 222
2101 1.7652 | 76.84]0.1702 1.7014 | 76.8210.1697] 1.6620 | 76.8% [0.1595 | 1.5865 | 76.79}0.1583} 210
2200 4479271 78.08)0.1721 | 1.7279 | 78.07]0.1716] 1.5676 | 78.06 [0,1711 ; 1.6183 §78.08]|9.1708] 220
2307 1,82 71 75.34]0.0739 ] 1.7545 | 79.320.1736 | 1.6933 | 79.31 {0.1729 }1.6361 | 79.30}0.1725) 233
240 1.84 75| 80.60[0.2757 ] 1.780¢ [80.56]0.10752} 1.7488 { 60,57 {01748 | 1.6595 182.5510.17¢3] 283
250 ; LaB75G [ 81.87]0.2775| 1.8074 | 81.685]0.%770] 1.744% | 61.84 [3.17565 | 1.63556 [B1.33[2.1751 ] 250
260 1.3024 | 83,14]0.1793 | 1.8338 | 283.130.1768) 17700 ] 83.12 (02783 {1.780¢ | 23.1000.1773) 755
A
31 32 33 34
FEMP. | 183 psig (~41.25°F.) | 17.3 psig (-39,62°F,) | 8.3 pein (=38.43°F.) | 19.0 nsig (~37.07°F.) | TEMP.
F v H S \ H S Y H S v H S L3
(0.9147) [(48.371}(0.1156)] (0.8878) |(48.48)}(0.1155,, (0.8625) 1148.60) |(0.1154j] (0.8386) |(48.70470,1152}
~40] 0:9180| 48.50)0.3159 - - - - - - - - ~%3
-30) 0.9437] 49.51{0.1383) 0.9124 | 49.48]0.1178] 2.8530 | 49.45{2.117¢ | 3.8552 | 43.42)3.12e3] -33
-20] 0.9692| 50.54|0.1207} 0.9:72 | 50.51{0.1202} 0,071 | 50.480.1197 | D.u788 ! 50.45)0.1133] -20
~10| 0:9947] 51.57|0.2230] 0.9519 | 51.55|0.1225] 0.93322 | s1.c2(0.1221 }2.9022 | 5t.92i0.1215f 13
0} 1.0200] 52.62]0.1253] €.9855 | 52,%9{0.12498] 0.9551 | 52.3710.124% | 2.2255 |52.54}0,1239 ]
0] Le0451 | 53:6716G.1275] 1.0110 | 53.65[0.1271] 2.9789 | 53.52[3.1268 | 3.9%87 | 53.83)0.1252] 12
201 1.0702) 56.74|0.1298] 2.0353 | 53.71|0,2293] 1.2026 | 54.69 |0.128% | 3.9717 | 5%.57]3.1255) 23
30] 1.0952] 55.61]0.1320| 1.0596 | 55.79{0.1316} 1.026 } 55.77 Jo. 1311 {5.2967 |55.78)3. 132721 32
401 1.1201] 56.9010.1342 | 1.0838 | 56.88)0.1338] 1.069% [ 55.85 0,333 | 1.2125 | 55.3303.1329] 33
SO 1.3449 ) »7.99{0.1364] 1.1079 | 57.97}0.12352] 1.0731 [ 57.95 [2.1355 | 1.083> {57.33l0.1351] 353
601 1.1897] 59.10]0.2385] L.1319 | 59,08{0.1381] 1.096% | 53,06 10,1375 | 1.363) | 53.24}3.1372} 53
T0) 11943 ] 60.21]0.1406] 1.1558 | 0.29)0.1402) 1.1397 } 60,17 10,1398 }1.0855 |s0.15{0.1293] 73
80| 1.2189] 61.2410.1427 1.1797 | 61.320.1423] 1.1429 | 61,30 [9.1413 | 1.1082 V61.25{0.1418} a0
961 1.2435 ] 62.4T]0.1448| 1.2035 [ 62.450.14%6) 15566 § 62.43 13,1433 1.1327 [s2.5103.1835] 32
200} 1.2580 [ 63.62]10.1489 1.2273 { 63.60(0.245¢6; 1.159% | 63.53 Jo.1462 | 2.1532 le3.55l0 14558 130
110] 1.2924 ] 64.77]0.1489 | 1.2510 | 64.75{0.1685] 1.2122 | 66.7) [0.1%81 | 1.1755 }68.7110.1475] 110
120] 143168 65.93{0,1510] 1.2747 | 65.91{0.1505] 1.2351 | 43.89 [0, 1501 | 1.1972 | 355.33l0.1427] 123
130 3.3622| 67.10{0.3530] 1.2983 | &67.08|n.1525| 1.2581 | 67.07 ].1521 {1.2292 | 67.2503.1517] 133
140§ 143655 ] 68.28]0.1549 | 1.3219 | 68.260.1565] 1.2510 { 66,25 |2,1561 | 1.20%25 |58.2300.1537{ 143
130 | 1.3897 ] 69.47[0.1569 | 1.3455 | 69.45{0.1565] 1.3239 | 69.4%J0.1%82 | 2.2847 }sv.82i2.1555) 159
160 | 1.4240] 70.67{0.1582 1 1.35690 j 70.65]0.1386] 1.3267 | 70.64 [2.1585 [1.2852 {¥o.52}3.1575] 133
K70 1.4382 ] 71.87,2.2608 | 1.3926 | 71.66]0.1623 1,3895 | 71.84 [3.1592 | 13323 1 71.33{3.1535] 172
180 1.462% ] 73.0910..527 ] 1,415 | 73.07(0.1623] 1.3722 § 73.06 In.1618 11.3313 j73.0%{2.1623] 132
190 ] 1.48651 76.33]0.1660 | 144393 | 74.3010.1662] 1.394% | 75,26 Do2a37 | 1.3%32 [Jrec27fo.1233] 135
200} 1.5106 ] 75.56]0.1665{ 1.4625 | 75.53 J0.1660] 1,017 | 75.51 bou1a58 | 1.3783 | 75,92 Be1832% 200
210] 1.53406 1 76.70{0.1583 ] 1.4860 | 76. 7701679 1.4403 } 78.75 101675 §1.3973 | 76.72{9.1571 ) 212
220 ] 15887 ] 72.0510.1702 ] 1.5093 | 78.01 ]0.1698] 1.4523 | 768.u0 12,1893 f1.4192 J77.39]0 1683} 220
2307 1.3827] 79.2810.1720 ] 1.5326 | 19.2710.17161 1.4855 | 79.26 J0.1712 | 1.4813 {7o.28l0.1207) 235
240 [ £+6067 § £80.54[0.1738] 1.5559 | 80.5310.1736] 1.5061 | 80.52 [0.1730 }1.4532 Jaoissio 1225 200
2507 1.46307f 681.81]0.1756§ 325791 | 81.8010.1752] <5207 | 81.79 [0 1798 {1.48%1 |s1.7200.170%8 238
250 1.6846 | 83.U9]0.1774 ] 1.6023 |'83.0810.1770] 1.5532 | 83.07 0-1765 [ 1.5072 183,55}0.1762] 268
270 - - - 1.6255 {84.36 |0, 1786 | 1.5758 ] 65.35 717683 | 1.5269 {8e.36]021773] 272




CEREON-1381"

SUPERHEATED VYAPOR

Vsvolume in cu fi)ib;  Hw=enthalpy tn Brujll;  Seentropy In BruJUIBHOR). - (saturotion gropestles In parestheses)

ABSOLUTE PRESSURE, tb ey bo

P

34

37 '

a8

31,3 palg (344308

722.37 sy

(=H6°F)

T ,
203 pstg (-35.749F,)
¥ [ 5

¥

H

] v

5 $

23,3 pely (-31.91°F,)
Y H $

[(0.81597 | (25,911 [{0. 115.1)

10.5945)

(48,21}

(0,1150% (G.7743)

Nt e 2

(49,01)

10.1149)

(0.7550) |(49, 1)} (0.1 148

130

200
210
220
230
240

250
269
210

0.8292
0.8%521
D.874%

£9.39
5043
51446

8251
3557
54 .64
5572

56.61

[+ 7'} § §5M
0.1%89
0.3212

0:8974
09202
07486
09650
0s 90872

0:1235
0,1258
2 1280
621303
01323

1,0094
1.0315
1.0%35
1.0755
10974

57.91
59.01
60.13
fil: 26
62+39

0.1346
0.1368
0.1389
01410
0.1431

1el193
1.1410
1.1628
11845
1.2061

1.2278
1.2493
1.2799
1.2924
1.313%9

63,54
64,69
65,86
67.02
6B.21

Ga 1452
0.1472
Q1493
0.1513
0.1532

69.50
70.560
71.81
73.03
T4.25

0.1552
0.1572
0.1591
0.1610
D.1629

1.3353
K I5H7
1.3781
13995
1.4208

15.48
16,72
TT.97
7923
80,49

0.1648
0.16467
0.1685
0.1703
0.1722

L4421
Re4634
1.4847

81.76
23.0¢
84.33

0,1740
0.17%8
0.1775

0.5045
0. 8269
0.049%

0.8713
0.6933
0.9151
0,9369
09,9584

0.9802
1.00i8
1.0232
1.0446
1206%9

1.0872
1.1085
112458
1.1508
1.1718

1.1929
1.2139
1+2342
1.2558
1.2767

1.2976
1.3134
1.3393
1.3600
1.3808

1.4016
1.4223
1.4430

49,37
50.40
51.84%

52,47
23.5%
54,62
55,70
56,79

57.88
58.99
60,11
61.24
62.37

63‘ 52
64,60
65.84
67,01
68,20

69,319
70.39
71.80
73,61
74.2%

T5.47
7671
17.96
19.21
80.48

81.73
83,03
84,31

Oellbi
0-1208

0.1264
061385

0.1537

e.1681
0.1718

Cel154
0.1771

DNeTOHL2
0:003)
08248

0.118%

01232
0.125%
0a1276
0.1299
01321

0.8463
0.86748
0.8891
027104
0.11315
Q13421 6.7526
0.973"
0:97° 35
Lelis G
1.0382

1.0%69%
1.0776
1.0982
l.1188
1.1394

02406
0.1421

041440
Us 1868
0. 1489
G+ 1509
0.1529

0.1548
0.1548

1.1599
i.1804
1.2008
1.2212
1.2416

0.1606
0.1625

0.1644%
0.1663

1.2619
1.2822
1.3025
1.3227
1.3420

01700

0.X736] 1.35632
1.3834

1.4035

49434
56437
51.41

0elin?
Osltep
0.1204

52446
53.52
5459
55447
56476

U, 1227
01250
v 1272
0,129%
0.1317

57.86
58:97
30,09
61.22
te36

63.%0
64466
65.32
6T.00
68.18

0.1338
G1340
L.130)
3d.1402
Q41423

0.1444
0.1464
4.1485
0.1505
0.1525

69,37
T0.57
71.78
73.00
Y022

0 1544
Do 50%
0.1583
0.1602
041621

15.4%
T6.70
T7.9%
79.20
B0.46

0+36%4C
Galb59
0.1677
0.1696
0.1714

8l.74
83.01
84430

0.1732
0.1750
0.1768

49,33
5034
51.3L

0.1183
CALLTh
91200

0.7571
67804
0.0016

52.43
%3.50
%6457
85,65
364714

0.1223
0.1246
1268
0.1291
g.1313

0.8227
0. 8437
0.85645
0.8353
Gs9059

5492565
09470
Ox9674%
0.5877
1 .00806

58:95
60.07
61.20
2.34

0.1335
9.2356
01377
0.1349
D.151%

1.0282
L.04E%
1.0685
1.0886
1.1087

&2a48
b4.64
65.80
66.98
68.14

0.144)
D 1461
Da1481
0.1504
C.1521

1.1286
1.1486
1.1685%
1.158084
1.2083

69.35
70.55
Ti.76
72.98
T4%.21

0,3541
0. 1560
0.1579
0.1599
0.1618

1.2281
1.2479
1.2677
1.2874
1.3071

15.4%
76,68
77.93
79.19
80445

De1637
0.3655
0-1674
0.1692
0.1720

1.3268
1.346%
1.3661

81.72
83.00
84.29

0.1728
01756
027164

190

200
210
220
230
240

250
260
270

TEMP.
F

39

40

42

44

24.3 psig (-30.68 F.)

25,3 pat

g (~29.48 £.)

27.3 paig

(-27,14 F.)

0.3 nsig {--24.89 F.)

v H 1S

\d

H

$ v

H 1S

v H 3

(0.7367) ¥49,21; §0.1147)

(0,7192;

{49.30)

(0.1146

{0.6867)

(49.48)

(0.1144)

(L.6571){(49.65)|(0.1143)

-30
-20
-10

10
2¢
30
40

a4

70
80
30

100
110
120
139
140

150
180
170
180
190

200
210
220
230
250

250
260

270

280

«7381
0.7390
0.7797

49.28
50431
51.35

0.1149
Gell72
0.1196

52.41
53.47
54.54
5563
56.72

0.1213
0.1242
0.1265
0.1287
01309

0.8003
0825 01
0.8 .4
0.88614%
0.8816

0.9017
0.9217
049416
0.9615
0.9813

57.82
58.93
50.0%
61l.18
62.32

0.1331
0.1352
0.1374
0.1395
0.1416

041436
0, 457
01477
0.1497
0.1517

1.0010
1.0207
1.0403
1.0599
1.07958

63445
64,862
65.79
66,56
5G.15

0.1537
0.155%
01576
0.1595
0.161%

1.0920
1.1185
1.1379
1.1573
11767

L3434
TG.54
71.75
72.97
T4.19

1.1950
1.2153
1.234%
L2339
1.2731

F5.43
76.67
77.92
79.17
8044

0.1633
0. 1652
041670
0.15688
01707

0.1725
0.1743
0.1760

1.2923
1.3115) e2.99
1.3306} 84.28

8l.71

0.7366
0.7589

0.7790
0.7990
0.5239
0.€387
0.6585

0.8781
0.8976
0.9171
0.93535
0.9559

0.9751
0.9%44
1.0136
1.0327
1.0518

1.0708
1.0898
1.1088
1.1278
1.1467

301655
1.1844
1.2032
1.2220
1-2408

1.2595
12782

“1.298%

L3156

“0.28
51.33

53.45
5452
35.60
56.69

57.6%

60.03
81.16
62430

83,45
544560
65.77
66,94
68,13

69.32

7173
12,95
74418

7541
76,63
T7.90
79.16
B0.43

81.79
82.98
84.26
85.56

0.1169
0.1192

52.38{2.1215
0.1238
0.1261
0.1283] 0.7967
0.1303

0.1327
58.910.1349
01370
0.1391
0.1412

0.1433
0.1453
0.1474
0.1494
0.1514} 1.0003

0.1533} 1.0185%
70.52{0.1553] 1.0367
0.1572] 1.0548
01591} 1.0729
Ga1611

0.15629] 1.1089
0.1648 p
T.36067
0.1685
0.1703

0.1721
G.1739
Qa1 757
01774

1.i628
L.1808

1.1986
1e2165
1.2344
Le2322

50.22 01161
51.2710.118%

5Z.33
53.39
54.47
55455
56465

C.1208
0.1231
0.1254
0.1276
0.1298

57.75
58.86
59.99
61.12
62.26

0.1220
0.1342
0.1363
0.1384
0. 1405

63.41
64.57
85.73
86.91
68.0%

0.1424
0.1446
0.1447
0.1487
0.1507

69,29
70,49
T1.70
72,92
7415

01527
0. 1540
0.1565
01585
0.1504

7538
T6eb2
7.81
7913
80.4y

D.1623
Se258%
0.1640
01678
0.5698

81,87
§2.95
84,28
85,53

$.1724
Q.3732
0.1750
0.17¢3

50.16
51.22

G.115%
0.1178

8.65663
0.689

0.7035
0.7219
C.7402
0.7584
0.T776%

52.27
53.34
5542
55451
560060

0.1201
0.1224
0.1247
0.1269
0.7291

07945
0.8124
0.8303
. 0.8480
0.B658

57.71
58.82
59.94%
61.08
52.22

01313
0.1335
01356
0.1378
0.1398

0.8834
0.%010
0.9186
0.9261
0.9535

63437
64,53
65,70
66.87
£8.08

0.1410
D.1440
0. 1460
D.1480
041300

0.9710
0.9885
1.0057
1.0230
1.4403

£9.25
10,46
71467
72.89
7412

0.1520
G.1540

9.1578
2.1527

75435
Thebll
1785
9.1
8037

1 2575
1.02747
1.0919
1,108
Xa12872

3.1635
0.1653

0.31650

E1.63
B2.92
84421
55,51

11433 $-3708
1.16%4
1.1775;

1.1985

Q. 2745
D.176%

0.15%9}"

0.16161-

0.16721.

B.3728%

258

-t




“FREON-I3BT" ~ SUPERHEATED VAPOR
wvolume noeu ]y H=gathelpy In Btuflb;  S=entropy lfv Bj(IBYPR)  (satusatlon propsstizs In porenitheses)

ABSGLUTE PRESSURE, Ib/sq In

R P 48 , ] 50 B
TEAAP. | IVT puig (~22.71°F,) | 33,3 pelg (~20.60°F,) | 35,3 palg (~18,56°F.) 47.3 pslg_ {~1¢.58°7.) | TERIP.
v HS 'V,"HV 5 |1 v H s | v FIRIEN

(0.6299) }(49.02) 1(0.1141)) (0.6049) }(49.98)\¢0. 1139) (0.5818) {(50. 12) | 0. 1338)] 70.5604) | (50, 29)| (0.1 137)

0263481 5011 0.1147] 0.60549 7 50,05]0.1841 - - - - -
0s06328) 51.16[0.1171] 0.6233 ) 51.10]0.1065] 0.5961 ] 51,04{0.1158 ] 0.5711 | 50.99] 0.1152

067061 52,221 0201941 026405 1 521710 1188] 0.6120 1 52.11{0.1182 | 0.5671 | 52,06} 01175
0268831 53,2910.1217] 0.6576 | 53.2410:1231] 0.6293 ] 53.19]0.1705 | 0.6031 | 53,13} 0.1199
07052 5437 Uh240) 06745 ] 54.32710.1234] 0.06456 ] 56.27]0.1225 | 0.6189 | 54.22]0.1222
0:TE38) 55.46| 012631 0.6914 ] 55.4110,1256] 066191 55.55]0.1250 | 0.6347 { 55.31] 0.1244
0,T408 56456} 0.1205] 0,T081 ] 56.31J0.,1279] 0.6700] 56.46{0.1272 | 0.6503 | 56.41] 0.1267

0,75811 57.66]0.5307) 0.7248 § 37.6210.1301] 0.6941 | 57.571]0.1294 | 0.6658 | 57.53]0.1289
0,77531 58,78} 0.1320] D.7414 | 58,7310.1322] 0,7101 | 56.69{0.,1316 | 6.66812 | 58.65]0.1310
07925{ 59,901 0.1250] 0.7579 ] 59.06]0.1344} 0.7260] 59,82[0.0936¢ | 0.6966 | 59,77} 0.1332
0,8096) 61.04]0.137L] 0.7743 1 60.9910.1365] 0.7418] 60.95]¢. - Vo.7119 | 60,91} 0.1353
0.82606] 62.10]041392] 0,7907 § 62.,14]0,1386} 0.7576 ] 62.10}0, 1 0T2T1 | 62.06]0G:1374

D.84351 63.3310,1413] 0.007% | 63.29|0.1407] 0.7733 | 63.25(0.1401 | 0.7423 | 62.23}0,1295
0.8604] 64491 0:1433] 0.8232 | 64.45]0.1427] 0.7890 | 64.42]0,1421 | 0.7574 | 64.30]0.1416
0.B8T73] 65.66{0.14541 0.8394 [ 65.62]10.1448] 0.8046 ] 6%5.5910.1442 | 0.7724 | 65,851 06.143¢
0.8941} 6684101474 0.8556 | 06.60]0.1468] 0.8201 | 667771462 } 0.7874 | 66,73} 0.1458
0.2108) 68.0310.14941 0.8717 | 67.99]0.1488] 0.83556] €¢7.96{0,1482 | 0.R024 {67.9210.157¢

092751 69.2210,1514] 0.8877 | 69.19]0.1508] 06,8511 ] 69.15|0.1502 | 9.6173 { 69.12]0.1496
0.9442] 70.43{0.1533] 0.9037 | 70.39]0.1527] 0.8665 | 70.360.1521 | 6.8321 | 70.33{ 90,1514
0.9608] T1.64]0.1553] 0.9197 | 71.6110.1547) 048819 ] 71.570.1541 | 0.6470 | 71.54{0.1535
0.9774] 72:86/0.1572] 049357 | 72.83j0.1566] 0.8972 | 72.50[0.1560 | 0.8618 | 72.77} 6.15%4%
0.9940| 74.0910.1591| 0.9516 § 74.06]0.1585] 0.9125 | 74.03[0.1579 | 0.8765 | 74.0010.157%

1.0805) 75.32[0.18610] 0.%075 | 75.29]0.1604) 0.9278 ) 75.260.1598 | 0.8913 ! 75,24]0.1592
1.0270¢ 76.5710.1629| 0.9833 [ 76,54|0.1623] 0.9431 | 76.5110.1617 | 0.9060 | 76.48{0.1611
1.0435] 77.82{0C.1647] 0.9991 | 77,79|0.2641] 0.9583 ] 7T7.7610.1635 | 0.9206 | 17.74]0.1630
1.0599] 79.0810.1665] 1.0149 | 79.05)0.1659) 0.9735] 79.02]0.1654 1 0.9353 | 79,00 0. 1648
1.0764] 80.35{0.1684] 1.0307 | 80.32]0,16768] 0.9687 | 80.29{0.1672 | 0.9499 | 80.27]0.1667

1.,0928] 81.62/0.1702] 1.0464 | 81.,59{0.1696] 1.0038 | 81.5710.1690 | 0.9645 | 81.55}0.1685
1.1091] 62.90/0.1720] 1.0622 | 82.83{0.1714| 1.0190 | 82.85|0.1702 | 0.9791 | ¥2.87[0.1703
1.1255] 84.1910.17371 1.0779 | 84.16}0.1732] 1.0341 | 84.14)0.1726 | 0.9936 | 84.11{0.1720
1.1418] B85.48|0.1755]| 1.0936 | 685.46]|0.1749] 1.0491 | 85.4410.1743 | 1.0061 | 85.31}0.1738

- - - - - - 1.0642 | 86,74§0.1761 | 1.0226 | 86.71}0.175%

54 56 58 60
|_39.3 psig (~14.65°F.) | 41.3 psig (~12.78%F.) | 43,3 psig (~10.95°F.) | 45.3 psig {-9.18°F,)
H S A4 H $ v H $ v H )
(0.5405) {(50.43) 1(0.1135)] (0.5220) ¥50.57) |(0. 11247 (0,5047) Y50.71) }(0.1133)}(0,4885) }(50.84}}(0,1132}

0,5478) 50,93} 0.1148] 0.5262 ] 50.87]0.1141} 0.5061} 50,81}0.1135 - - -

0.5634] 52,00]0.1170] 045414 ] 51.94]0.1164] 0,5205 | 51.89]0.1159 | 0.5017 | 51.83] 0.1153
0.5789] 53.08]0.1193] 0.5564 | 53.03]0.1188} 0.5354 ] 52.97]0.1182 ] 0.5158 ] 52.92] 0.1177
0.59642] 54,17] 0.1216| 0.5713 ] 54.12]0.3210f 0.5495 ] 54.06]0.2205 | 0.5299 { 54.01} 0.1200
0.60941 55.26)0.12391 9.5860} 55.2110.1233] 0.5642 1 55.16}0.1228 § 0.5438 { 55.11] 0.1223
0.6245§ 56,37} 0.1261] 0.6007 | 56.32|0.1255] 0.5784 ] 56.27[0.1250 | 0.5576 ] 56.22| 0.1245

0.6396] 57.48]0.1283] 0.6152 | 57.43]0.1278] 0.5925] 57.39]0.1272 | 65713 | 57.34] 0.1267
0.6545| 58.60] 0.1305] 0.6297 | 58.56[0.1299] 0.6065| 58.51]0.1294 | 0.5850 | 58.47| 0.,1289
0.6694] 59.7310.1326] 0.6441 | 59.69{0.,1321] 0.6205) 59.65[0+1316 | 0.5985 | 59.560] 0.1311
0.6841) 60.87]0.1348] 0.6584 | 60.83{0.1342] 0.63484 | 60.79]0.1337 | 0.6120 | 60.75{0,1332
0.6988) 62.02]0.1369§ 0.6726 | 61.98]0.1363] 0.6482] 61.94)n.1358 | 0.6254 | 61.20] 0.1353

0.7135] 63,18/ 0.1390) 0.6868 | 63.14]0,1384] 0.6619] 63,10(0.1379 | 0.6387 | 63.06} G.1374
07281} 6434} 0.1410] 0.7009 | 64.30§0.1405] 0.6756 | 64.27]0.1400 | 0.6520 66‘23;0-1395
0.7426] 65,521 0414311 07150 | 65.48[0.1425] 0.6892 ] 65.44{0.2420 | 0.6652 | 65,41] 0.1415
0.7571 ] 66.70]0.1451] 0.7290 | 66.66]0.1645] 0.7028 ] 66.63{0.1441 | 0.6784 | 66.5%] 01436
0.TTLI6] 6789 01471 07430 67.85]0.2466] 0.7163 | 67.82{0.1461 | 0.6915 | 67.78] 0.1456

0.TBED! 69.09]0.1491) 0.7569 ] 69.05]0.1485] 0.7298 1] 69.02]0.1480 | 0.7045 { 66,9%{ 0.1476
0.8003) 70.30§0.1510) 0.77C8 | 70,2610.1505) 0.7432 ¢ 70.23{0.1500 | 0.7176 | 10.201 0.1495
N:8146) T1.51]0.1530] 0.7846 ] 71.48]0.1525] 0.7567§ T1.45]0.1520 | 0.7306 | 71.42] C. 1515
C.B8289) 72.73]0.15649] 0.7984 ] 72.70]0.1546] 0.7700 ] 72.67]0.1539 | D.7435 | 72.64] 0.1534
0.8432) 73.97{0.1568| 0.8122 | 73494{0.1563] 0.783% | 72.91§0.1558 | 0.7565 | 73.68] D.1553

0.8574] 75.2110.1587) 0.8259 | 75.18]0.1582] 0.7967§ 75.15]0.1577 | 0.769% | 75,12 0.1572
0.8716] 760.45]041506] 0.8397 | 76.42f0.1001} 0.8099] 76.5010,15%5 | G.7522 | 16.37} 0:.159L
0.8857) 77.71§0.162%] 0.8533 | T7.68]0.16:.3) 0.82321 7765101614 | 0.7950 | 77.62] 0.1610
0.8999] 78.97]0.1643] 0.8570 1 78.94]0.1638] 0.8364 ] ¥8.91]0.1633 | 0.8078 | Y8.85} 0.1628

0,9140] 80,24} 0.1661) 0.8806 § 80.21§0.1656] D.B496 | G0,19]0.16%1 § 0.8206 | 80,16 0.18%6

0.9281} 81,52]0.1679] £.B942 1 B2.59]0,1674] C.8527] 81.46]0.1656% [ 0.8335 | 81,43} 0.266%
09421 ] 82.80] 0,1697] 0.2078 | B2.77|0G1692] 0.8759 ] B2.75}0.1487 | 08487 ] 82.7210.1682
De9562] 84%4.09]0:1715) 0.9214 ] 65.06J0.1710] 0.8850 | 849.04]0:1705 } C-8588 | 8§60k 0.1T700
0.9702] 85.39] 041733 0.9349 | 65.36]0.1728]- 0.9021 | B5:34]0,1723 ] 9,87151.8%.21{0.1738
Cu9B42| B6.69]0.1750] 0.948% | 86.67]0,1745) 0:9152 | 8064301740 | 08831 § 86:562; 01735

- -l - ~ b ==l o= e b U~ lossess {er.930ers3)




YEREGN-1381" . SUPERHEATED VAPOR

Yzvolume 14 cu frpibe H=enthalpy s Elu[l!); S=entropy in Brujlib}o8}; {saturaticn 3roperilés in paréntheszs)

) N ABSOLUTE PRESSURE, ib/3y In
e B 1. L R R ~ 63
A7.3 paty fe7 440k} | 493 pulg (-8,75°F) 513 palg (~4,109F,) | 53,3 paig (~2.489F.)
¥ H s 1Ly 1w s 1Y | H s |y 1 dH |5
A10.4733) 1050,97) |19, 113111 (0.4591) 1(51.00)}0, 11294 (0.4456) | (52,2250, 1128}} (6.4320)1(51,33)](n, 1127)

046371 51.7710,1148 1 04669 151.7210.1343 ] 0.4550 | 51,66 011356 10.4361 15160101133
044975 1 42,8610.31727 044603 [ 528110, 1067 0.4642 [ 5275 01062 [0:4590 927001157
0.9112 ] 93,95 1061195 ] 0,4937 | 53.91{0.10190] 024772 | 53,685 [0+1155 [ 624617 [53.8070.1140
0o82471 55,006{041217 ] 0.5069 155,01 10,1213 0.4901 | 54,96 |0.1208 16,4742 | 55.9110.1203
053821 36.,10]0.1240] 0-3200 | 56.13{0.123%3] 0.5028 | 56406 [0.1230 | 0.4067 156.03(0.1226

0.5515 1 57,30]0.1262 ] 0.5329 {67,25{0.1257} 0.915% | 57.30(6.1253 | 0.5990 [57.1510-1244
056461 50.42]10.1284] 0.5450 [ 50,38{0.1279] 06,5280 | 58.33 [0.1275 | 05113 [58.29]0.1270
057791 595601306 ] 0:5506 | 59.52 1041301 0:5605 | 5947 [0.1296 10.5234 |52.4310.129Z
0.5910 ) 6070101327 0.5714 140,66§0.1322) 0.5529 | 60,62 [0.1316 [ 0.535% |60.5810.1313
D.80%0 ] 61.086]0.1348 ] 0.5040 [ 61,6210.13441 0.50652 | 61.78(0.1339 [0.5575 | 61.75{0:1334

0:6170] 63.02]0.1369] 0.73966 1062.9810,1305] 0.,5175 | 62.945 [0,1360 | 0.5595 | 62.30(0.1355
Le$5299 ] 640191041390 0,609 | 64.1510,1385] 0.5897 | 64,11 01381 |0.5713 [44.08]10.1376
0264271 65.37]1041410] G .062106 | 65.33[0.1406] 0.6018 | 65,29 {01401 [6.5832 ]65.26}0.1397
065535 | 6605610414311 0.6340 [ 665201426 0.6139 ] 66,48 [0,1422 10,5949 1 66.65]0.1417
0,6682] 6T.T5]0414%1 ] 046464 [ 6TT2|0.1466] 0,6259 | 6768 [U.1442 10,6667 [6T6510.1437

066091 60951041471 0.6507 {68492 ]0.14661 0,6379 ] 68,69[0.1462 [0.6163 [68.85]0.1457
0469361 70,1610.3490] 0.6710 | 7013]0.1486] 0,6499 | 70.10 |0, 1481 [0.6300 ! 70.06]0.1477
070621 71.3810.1510§ 0.6833 | 71,3510.1505) 0.05618 | 71.32 {0.1501 1 6.6415 [T1.29]C.1497
0.71B7 ] 72.6110.152F] 0.695% | 72.58{0.1525] 0.6737 | 72.55]0.1520 | 0.6531 |72.52}0.1516
V7313 | 73.34]0.1549 | 0.7077 | 73.81{0.1544} 0,6655 | 73.78 10,1539 | 0.6646 | 73,75}0.1535

0.74381 75.,09]10,1567 1 07198 | 75.0610.1563] 0.6973 ] 15.03 {0.1558 [ 0.6761 [ 75.00]0.1554
07562 ] T6.34]0.1586 ] 0.7319 | 76.31[0.1562) 0.7091 | 76.28 J0,1577 [ 0.6875 | 76.25}0,1573
VaT6BT | 775970.1605] Go7440 | 77.57|0.1600] 0.7.98 | 77.54 10,1596 {0.6990 {1 77.51]0.1592
0.7811 ] 78.86(0.18623) 0.7561 | 78.83]0,1619] 0.7325 | 78,60 j0.1614 | 0.7104 | 78.78]0.1610
0.7935] 80.13]0.1642 ] 0.7601 | 80.10[0,1637] 0.7442 | 60,08 |0.1633 10,7217 | 80.05]0.1629

0.,8059 ] B81.4170.1666] 0.7801 | 81.38{0.1655] 0.755¢ | 81.36 [D.1651 [0,7331 {81.3310.1647
0.81082] 82.70]0.1678] 0.7921 | 62.67]0.1673] 0.7675 | 82,65 01669 | 07444 1 P2.6210.1665
0.8305§ 83.99]0.1696] 0.8040 [ 83.5610.16911 0.7791 | 83.94 (0.1687 § 0.7557 [83,9110.16563
0.8428§ 85.,2910.1713 | V8160 | 85,26]0.1709] 0.7907 | 85.24 [0.1705 [ 047670 §85.22]{0.1700
0.8551] 862591017317 0.8279 | 86.57|0.1726}] 9.8023 ; 86.5510.1722 [0.7782 | 86.5210.171¢8

U.86T4 ] 8T7a91{0.1748 | 0.8398 | B7.80[|0.1744] C.B8138 | 57.686 [0.1735 [ 0.7895 |87.84(0.1735

70 72 74 76

55,3 psig (~0,90°F.) 57,3 psig (~0,65°F,) 59.2 psig (2,16°F.) 813 psip (3.65°F,)
v H S y H $ Y H 5 Y H ; §
(0.4209) 1(51,44) | (0.1126)| (0.4095) |(51.55))(0.1126)] (0.3988) }(51.66}|(0.1125)f (0.3886) {(51.77](0.1124)

0.4221 | 51,54 10,1129 - - - - - - -
0.43%6 1 52.64}0.1152 { 0.4211 }52.58 10.1148 0.4082 |52.53 P.1143 }0.3960 |52.47{0.1132
0.4470 | 53.75]0.1176 ] 0.4332 53.69{0-1171} 0,4201 [ 53,64 P.1167 }10.4077 |53.5810.1162
044593 1 54.860.1198 | 0.4452 {54.81 [0.1194) 0.4319 54,76 Pa11906 [0.4192 [54.70]0.1185
0.4715 | 55.98 10,1221 | 0.4571 155,93 10,1217 ] 0.4435 | 55.88 P.1212 }0.4306 |55.83{06.1208

0.4835 § 57.1110.1243} 0.4689 |57.06 [0.1239] 0.4550 [ 57,01 P.1235 10.4419 }56,9610.1231
0.4955 | 58.2410.1266 | 0.4805 {58.2010.1261 | 0.4654 | 58.15 0.1257 {0.4530 |58.102{0.1253
0.,5073 ] 39.39{0.1287 | 9.4921 }59.3%4{0.1283] 0.4777 | 59.30 0.1279 [0,4641 |59.23]0.1275
0.5191 | 60.5410.1309 ] 0.5036 | 560,49 [0.1305] 0.4890 | 690.45 0.1300 |0.4751 {60.41]0.2296
0.5308 | 61.69§0.1330] 0.5151 {61.65[0.1326] 0.5002 [61.61 [3.1322 [0.4860 {61.57]0.3313

0.5425 | 62.66|0.1351 | 0.5264 | 62.82[0.1347] 0.5113 [ 62.78.{0.1343 J0.49569 [62.7%{0.1339
0.5541 | 64.04)0.1372] 0.5377 | 64.000.1388] 0.5223 | 63.96 0.136& | 0.5077 163.9210.1360
0.5656 { 65.2210.1393 | 0.5490 | 65.180.1388] 0.5333 | 65.14 10.1384 [0.5184 §155,1110,1380
05771 | 66.41§0.1413] 0.5602 | 66.37]0.1409] 0.5442 | 66.34 [0.1405 j0.5290 166.306]0.1401
0,5885 | 67-61§0.1433 ] 0.5713 | 67.57[0.1429] 0.5551 | 67,54 i8.1425 ]0.5397 {67.3010.5421

0.5998 | 63.82]0.,1453] 0.5824 1 68.78[0.1449] 0.5659 | 66.75 [0.1455 | 0.5502 [ 68.71]0.1451
0.6112 1 70.03}0.1473 ) 0.5934 | 70.00]0.1469} 0.%.57 | 69.97 j0.1465 | 0.5608 | 69.93]0.1461)
0.6225 ] T1.25J0.1492] 0.6044 | T1.22]0.1488] 0.5175% ] 71,19 10,1484 10.57E2 1T1.1610.1480
0.633T7] 72.48}0.1512] 0.615% | 72.4510.1508] 0.5%81 | 72.42 {0.1504 j0.5817 } 72.39:10.1500
0.6469} 73.72}0.1531] 0.6263 { 73.69]0.1527] 0.6088 | 73.66 [0.1523 [0.5921 | 75.6310.1519

0.6561 ) 74.9710.1550] 0.6372 | 75.94|0.1545] 0 .5194 | 74.91 10,1542 [ 0.6025 | T4.88]0.1538
0.6673] 76.22]0.1569 ] 0.64081 | 7T6.,1950.1565] 0.5300 | 76.16 10.1561 [ 0.6128 | 76.13]10.1557%
0.6783 ] T71.48{0.1588 ] 0.6589 | T7.45{0.1583} 0.640%5 77»41{0-!579 0.6231 1 7T.4010.1576
0.6895 ] T8.7510.1606] 0.6697 | 78.72]0.1602{ 0.6511 | 78.62 10,1598 ] 0.633% | 79.67]0.159%
0.7005f 80.02]0,1624 ] 0.680%5 | B0,00]0.1620] 0.6616 | 79.97}0.1616 | 06437 1 72.9410.1613

G.7116 ) 81.3110.1643} 0.6913 | 81.2810.1639] 0.6721 | 81.25]0.1635 [ 0.653% | 81.2310.183%
0.7226} B2.5910.1661] 0.7020 § 82.57C.1657] 0.6825 ] 82.54(0.1653 | 0.0541 ['82.52§0,1649
0.73361 83.89]0.1678] 0.7127 | 82.86[0.1674} 0.6930 | 83.85]0.1671 | 0.6743 | B3.8110,186567
0.7466 ) 85.19]0.1696] 0.7234 | 85.17]0.1692} 0.7034 § 85.1410:.1688 | 0N.6844 185.12]0.148%
0.7555] 86.5010.17147% 0.7341 ] 86.47]0.1T10] 0,7138°F 86:45 {01708 | D.6948 | 88,531 0.1702

676651 87.8110.17311 0.7447 1 67.79]0.1727] os7242. 81:77]0.1723 | 0.7047 87.74] 0,171
- - 07554 | 89.1110.1744] 0.7345 [.89.0910.1741 | 0.7143 | 89.06{0.1757




“EREON-13B1Y -~ SUPERHEATED VAPOR

Visvglume Incu J1jlb;  Hezerthelpy In Bluflb; — B=entropy in BruJ{IbYOR) - (saturatlon propeviies In pareniksses)

ABSOLUTE PRESSURE, h/sq fn

R ST R AN SN AUSCE Y (N 7 WA
FERAP. 63,3 patg (5.0190) | 653 pelg (6,94°F,)_ | 67.3 pslg (7.90497,) | 69,3 pelg (9.099F,) | TESIP.
# vIw s IV ITH TS 'Y THT STV ITH .5 |«

fo.a708) (51.67) |(0.1123;] (0.369€) |(51,97)[(0.1122){ [0.3666) |(52.07) }(0. 1121)| 0,35723) |(52, 16)}70, 1156)]

L} G.3845 | 5241 {00135 ] 03735 15236 (0.11300 0.3630 {52.70 0.0126 [ 0,3%351 [52.2%10.1822 15
20 0.3959 § 8332101158 | 0.3047 | 53.47[0.0154 0.5T41 { 93,62 {0.1150 13,3535 |53.38}0.1188] 20
301 0,4072 ] 54.8510.10001 1 023950 [ 54,60 [0 LETT ] 0,584 | 5855 P, 0173 [3.3765 154.4350.1157 A0
40| 0.4184 ] 35.76]0.1204 ] 0.40067 [ 55.73|0.L200) 0.3957 | 45.68 J9,11%5 | 0.3851 |55.6310.0152] 40

501 044295 | 96921012267 06175 {56,087 J0.1222F 0.43063 | 56,02 10,1213 |3.3354 |56.77(0.1215%] 56
601 0.44503 | L8.06]040269 ] 0.5263 (50,01 1021243 D.4168 | 57.96 {01041 | 0.40%6 |97.92}0.1237] &6
701 0.4912 1 59:2110.8271 | 0:4389 159,1610.1267] 0.4272 | 59,12 [0.1263 | J.415D [59.0710.1253} 710
B0 DWABLIT | L0.3610.12921 044594 160321010288 0.4375 | 604726 [0:128% 13,4242 [60.23)3.1261 87
901 04726 | 512531041304 | 0,4597 161,49 01310 08477 | 61,55 (3.1305 12,9362 [81.%0]0.1302 0

100 | 0.5832 | 62.5010.0335 1 0.6703 62,66 {01333 1 D.4579 | 62.62 [0.1327 [ 0.4462 [62.58]10.1323 130
L1101 0.6930 | 63.88]0.13561 0,4806 [ 63.8410,10352] 0.4480 | 63.80 [9.1343 [2.4551 J563.74]2.135%] 11D
1201 0.%053 | 65.07{0.1376] 0.4908 [ 65.0310.10372] 0.0781 [ £64.59 |3.1362 |0.6459 [ 64.9510.1355] 123
120 045147 ] 66.2710.1397 1 0,5010 [ 66,23 (0.0393] 0.4381 [ 66.19 [0.138% | 2.4757 [65.156]0.1355( 130
140§ 025251 ] 6T+AT|0.1417 | 0.5112 [ 6743 (0.1%103 1] 0,4980 | 67,60 10,1407 §0.485% [67.35]0.1405] 14D

150) 0.935%] 68.6810.1437 ] 005213 168,6510.1433] 0.3079 | 68,61 10,1639 | 2.4351 |68, (16251 150
160 ] 0.64657 1 6990101457 | 05313 [ 69,87 {0.1453 ] 05177 | 6983 10.14%9 | 25347 [63.90, 1865 153
370 ] 09559 T1.121041476 1 0.5614 [ 7109 {0.0673 1 0.5275 [ 714056 {01469 [ 35143 JTL.0310,1855] 170
180 0.5661 ] 72.3610.1496 ] 0.5513 1 72.3310.1492] 0.75373 [ 72.30 10.16489 12,5239 |72.25]0.1485] 182
190 ] 0.5T763 ] 73.6010.1515 1 0.5613 | 72,57 10,1500 ] D.5470 | 73,55 10,1508 1 0.5334 }73.51]{0.1506} 190

200} 0.56066 | T4.8510.10534 ] 0.5712 |1 74,82 0.1531] 0.5567 | 7479 {01527 | 0.5429 [ 76.7610,1523] 230
2101 0.5965 ] T6.10{0.1553 1 0.5810 | 76.0810.1549] 0.5563 | 76.05 [0.1545 [ 0.5523 [ 76.02]0.1542} 210
2207 0.6066 1 TT.3T{0.1572] 045909 | 77.34{0.1568] 0.5759 | 77,31 {0.1563 | 2.5617 | T7.28]0.1361 ) 220
230 1,0.081086] 78.640.1590 | D.46007 | 78.61 |0.1587 ] 0.5855 | 78.58 [D.1583 | 0.5711 1 78.56}0.1580] 230
240 ] D.626T ] T9.92|0.10609 | 0:610% | T9.89 [0.2605] 0.53951 | 79.86 [0.16062 | 0.580% |79.83]0.1598} 240

2501 0.6366 ] 81.2010-1627] 0.6202 |31.1710:,1623 ] 0.60456 | 81.15(0.1620 [9.5898 j8L.12]10.1615] 250
260 | 044606 | B2.49(0,1645] 0.6300 | 82.66|0.5641 ] D.£142 | B2.44 [0,1638 | 0.5991 [B82.41]0.1634] 250
2701 0465651 83.7910,1663 ) 0.6397 {83.76[0.1659] 0.6237 | 83,74 [0.1455 [ J.608% |83.71|0.0652] 27D
280} D.6665] 85.09,0.1681 | 0.64%94 | 85.0710.16777 0.6331 | 83,08 {0,167% | 0.6175 |85.2210.167)) 253
290 ) 0406766 | B6.40[0.0698] 0.6590 | 86438 10.1695] 0.6426 | 86,35 [0.1691 | J.6267 {86.3310.1683) 230

300 0.6862 ] B7.72[0.1716] Dab6687 [ 87-70|0,1702] 026520 | B7.67 {01709 346361 [BT.565{3.1725] 322
210 0.4961 ] 8Y.04]0.17323 ] 0.6783 [ 89.0210.1729] 0.5614 | 89.00 [D.1726 [ 0.56453 |B8.27|D.1723} 310

86 88 20 92
TEMP. | 71.3 psig (10,67°F,) 73.3 psig (12.000F,) 75.3 psig (13.31°F.) 77.3 psig (14.60°F,) | TEAP.

" V JH |5 | vV [HTS V [ H | s | vV [H]S o
(0.3443) (52.2:5} (0.1120)] (0.3366) 1(52.35)1(0. 1119} (0,3292) |(52,43)1(0.1118) (9.3221) (52.52}(0.1117)

201 0,3542 ] 53.311041142 ] 043449 | 53.25(0.,1138] 043361 | 534172 (0.1134 {0.3276 | 53.15]0.1130 20
30] 03647 | 5444|0.1165] 0.3553 | 54.380.2161] 0.3462 | 54.33 [0.1198 [ 0.3376 | 54.28}0.115% 30
4£0] 043750 | 55.58]0.11088 ] 0.3654 | 55,52 ]0.1184] 043562 | 55.47 [0.1181 j0.34T4 | 55.42]0,1177] 40

S0 63853 56.7210.1211] 0.3755 | 56.67]0.1207] 026618 | 56.62]0.1203 [ 0.3572 | 56.57}0,.1200 50
60] 0.3954 ] 57.87{0.1233 ] 0.3854 | 57.82]0.1229] 0.3759 | 5T.7710.1226 {0.30668 |57.73]{0.1222 60
TO| 0.4054 ] $9.03{0.1255] 0.3953 | 58.98]0.1252] 0.3856 | 58.94[0.1248 [ 0.3763 | 56.89]0.12%% 70
80 004153 ] 60.19]0.1277] 0.4050 | 60,15(0.1273} 0.3951 | 60.100.1270 | 0.3857 | 60.06]0.126% 80
90§ 0.4252 | 61.36{0.1298 1 0.4147 | 61.32]0.1295]| G.5046 | 6128 {01291 | 0.3350 j61.23]0.1288 30

100] 0:4350 ] 62.54]0.1320] 0.4243 | 62.50{0.1316}] 0.4140 | 62.46 (01313 [ 0.4042 | 62.42f0.1309] 1060
110] 0.4447 [ 63.73[0.134) | 0.4336 | 63.69]0.1337] 0.4234 | 63,65 01334 | 0.413% [63.6110.1330} 110
120] 004543 | 64,92]001361 ] 0.4632 | 64.88]0.1358 ) 0.4327 | 64.85 [0.1354 | 0.4225 | 64.80}0.1351} 120
130] 0.4639 ] 66,12(0.1382 004526 | 66.08(0.1379) 0.45%19 | 66,0410.1375 10.4316 [ 66.01}0.1372] 130
160] 04736 67.33]0.1402] 0.4620 | 67.29[0.1339} 0.4510 ] 67.25{0.1335 | 0.4406 | 67.2210.1392 ] 140

150 ] 0.4829 ] 5B8.54]0.1422] 0.4713 [ 68.5110.1419] 0.4602 | 68.47]0.1416 10,4495 ] 66.456]0.1412] 159
160] 04923 ] 69.76]0.1442 ] 0.4805 | 6973 ]0.1439] 0.4692 | 69.70 {01435 J 0.458% | 69.66]0.1432] 1860
270] D0o501T | TDe99]0:1462 | 04897 | T0.96[0.1459] 0.46783 | 70.92 [0.1455 [ 0.4673 | 70.90]0.1432] 170
180] 0.5111 | 72.23]0.1481 | 0.,4989 | T2.20]0.1478 | 0.4872 | T2.17[0.1475 | 0.4761 [ T2,14j0.1471] 280
190] 0.5206 1 T3.48:0.1501] 0,5080 { 73.45]0.1457| 0.4962 1 73.41 j0.1494 [ 0.4849 | T3.3810.1491] 150

200 0.529T7 | T4+ 3]0a1520] GoS5LTL | 74700 1517] 05051 | T4.67 [0.1513 [0.4936 {T4.6410.1510] 200
210) 005389 75.99[0.1539 ) 045262 | 75.95(0+1%35] 0.5140 | 75,93 [0.1532 | 0.5023 | 7T5.90{0.1529] 210
220] G.5482] T1,2570.1558( 0.5352 | 77.23]0.1554] 0.5228 | 77.20]0,1551 10,5110 177.17]0.15481 220
230] 05573 T8.53{0.4576 | 0456442 | 78.50]0.1573] 045316 | 768,467 ]0.1570 [0.5196 | 18244]0.1566} 230
2401 0.36651 79.8110.1895] 0.5532 ] 79.78]0.1591] 0.5404 | T9.75(0.1585 {0.5282 [ 79.73]0.15385} 240

250] 05756 81.0910.1613] 0.5621 {81.07[G.1610] 0.5492 5 81,04 ]0.1606 | N.5368 | 81.0110.1603] 250
2607 0.5858T7 1 92,39]0.1631 1 0.5710 182.3510-1628] 0.5579 {1 82.34 [0.1624 [ 0:3454 [ 82.3110.14211 240
2701 0:5938] B3.69{0.1849] 0.8799 [ 83.6510.164661 0.5666 | 83,65 |0.1642 {0.5539 [63.61]0,163%¢ 270
2801 0:6039 ] 84.99{0.16671 0.5868 | 84.9T7]0.1663] 0.57523 | 84494 [0.16560.70.5625 1 84.5210.165871 280
290] 0.6119 ] 86.31]0:1684 ] 0.5977 | 6-.200:20681] 0.5840 ; 86.26 [0.1678- 10,5710 856-23)10.2675] 220

300} 0.621¢| 87.630.1702 | 0.4065 jiv.c0fu.1699] 6.5927 | 67.58 {o.1895 [ 0.5794 |87.55{0.1692] 300
310} 0.6200 | 88.95}0.1719} 0.6153 [ 68.930.1716] 0:60137] 88,90 j0.1713 1 0.5879 [89.8810.270%} 3107
320] 0.6389 ] 90.28/0.1736] 0.6241 | 90.26[0.1733} 0.6099 | 50,25 101730 | 0.5963 [90:21{0.1727§ 320




v

"EREON-13B1" .« SUPERHEATED VAPOR

?iﬁvazz@s fncu firily He=emhalpy din Biuflb;  Swentropy In Brajlibj{oR)  Dssturatlon properiies In parentheses)
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$
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( TEP,

&

240
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0.3243
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0.403%
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0:4217
0.4306

044393
04481
0.4560
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0.4740

0.4026
0.4911
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0.5081
0.5166
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0.5418
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0.5585

0.5668
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55.37
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58.84
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62,38
63.57
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69.6%
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17,14
TB.42
79.70
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82.28
B83.59
84,89
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87.53
86.86
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0.1173
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0.1219
0.1241
0,1263
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051306
0.1327
021348
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0.1409
01429
0. 1449
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0.1488

0.1507
0.1526
0.1545
0.1563
0.1582

06.1600
0.1618
0.1636
0.1654
01672

0.1689
0.1706
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0.3117
D.3214
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03404
C=34927
0.3589
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0.3770

0.38%9
0.3948
0+4035
04123
0.4210

04296
0.4382
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G.4636

0.4T21
0.4004
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0.4971
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0.5137
0.5219
0,.5301
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0.5465

0,5546
0.5628
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53:02
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55.31
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57.63
58,80
59.97
61,15
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63.53
6473
0%.93
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68.37
69,59
70.83
12.07
73.32

T4.58
75.84
77.11
78.39
79.67

80.96
82,26
B3.56
84.87
86,19

87.51
088.83
90.17

0.1123
01147
0.1170

0.8193
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021238
G21259
044281

0.1303
Oa1324
0-1345
0. %65
0.1386
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G. 1426
D.1445%
01465
0.148%

0.1504
0.1523
0.1541
0,1560
0.1579

0.1597
0.1615
0.1633
0.1651
0.1668

0.1686
0.1703
0.3721

0.3042
0.3136
0.3232
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0234106
0.35%07
0.3596
0.368%

03773
G4 38060
023946
0,4032
0.4117

0.42062
0.4286
04370
De 6454
04537

04619
0.4702
04784
0.4865
0,4947

0.5028
0.5109
0.5189
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0.5350

0,5430
0.5510
0.5589

$2.96
S4e11
55,26

Gheh2
57258
58475
59.92
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52429
63:49
b4.69
6589

68,33
6956
T0.80
72,04
73.29

T4455
15.81
17.08
78,36
19.64

80.93
82,23
83,54
84.84
86.16

87,48
88.81
90,14

Q1119
G+11463
051166

G.1189
G.1212
G.1234
0.12%6
01276

0,1299
0,1320
G.1341
0.1262
00,1362

G«1403
C.1423
0.1442
0.1462
D146}

0.1501
0.1520
0.1538
0.15%7
0.1576

0.1594
0,1612
0.1630
0.1848
0.1655

0.1683
0.,1700
O.1718

8.2910
23064
0:3157

D349
0.3339
D.3429
G.3316
0.2604%

03650
0.3774
0+306%
0.3945
0.402%

O.%112
0:%4195
0.4278
0.4353
Deh441

0,4522
0.4603
0. 4684
0.4764%
0.4844
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0.5003
¢.5082
0.5161
0.5240

0.531e
0.5397
0.5475

52590101116
34.05]0.1140
55:2110:1163

$6.3710.1188
57:%9310,1209
58.7050.1231
59.0810,1253
63.0610.1275

62,2510.1296
63.4510.1317
64.4510.1333
65.86f0.135%
67.0710:1379
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69.5310.1419
T0:76]0.1439
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T7.0%]0.1535
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17.62]0.1573
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B82.21{0.1699
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TERP.
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v

H

S
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]

v

H

S

v
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(0.2578)

(53,39)
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140
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206
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320
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0.2893
0.2983

0.3072
0.3159
0.3245
0.3330
0.3414

03497
0.3579
0.3661
0.3742
0.3823

043903
0.3982
0.4041
0.4140
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0.4527
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6,4832
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53.91
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58.59
59.77
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6215
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64.55
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66.98
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0.1288
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0.2825

0.2710
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64.45
65.67
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0.1613
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0.3237
0.3313
0.3339
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0.3537
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0.3829
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0.4115
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83,32
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9130
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0.1457

D.147¢
0.1495
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0.2938
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04205
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Q%872
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69.18] 0.1391
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0.3220
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043787
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88.20
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90.90
‘92.26

93.83

0.1113
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0.1916
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0.1350
0.1370
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0.2514%
0.2570
0.2626
0.2681

0.2736
002790
0.28469
0.2698
002951

0.3004
0.3657
0.310%
0:3161
0.,3213

0-3265
D.3346
03368
03419
0:3270

05.3520

54.68
55.93
5T.1i8
38443
59.68

60.92
62.17
63442
64.68
65.94

67.20
68,48
69.74
71.01
T12.29

73.58
T4.87
7611
TT-%7
¥8.78

80409
8l.41
82,73
B4.06
83,40

86.7%
8809
89.4%
90.79
‘215

$3.32

0.1100
0.1124
0.11435
0.1171
01194

0.1217
0.1239
0.126%
0.1282
0.1303

0.1324
0.134%
D.13865
0-1385
0.2405

0.1425
R.1444
0.14563
0.1482
0.1501

0.1520
01533
0.1556
0.1575
5.1592
0.1510
C.i628
B.1648
O.5683
0.1680

0:1837

50
60
70
80
90

100
i10
izo
130
140

150
160
170
180
120

200
250
220
230
240

250
260
270
289
230

300
310 -
320
330
380

i?sg'

19
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EREON-1381" - Sypg

RUEATED VAPOR

myelumie dnoeu Jijib; - H=enthelpy in Btujiby S=eatropy In Draf(ibNCR}  (satusatlon propertize In peranthases)

ARSOLUTE PRESSURE, Ih/eq in

F

165

178

175

180

I9

(BTETF,)

155.4 prig

53.72°F,)

160.3 poly (3673751

165.3 pelg (57.70°F,)

TagrE,

V50,3 ps

k4

H

5

Y

&

g Y

H

5

¥

H

S

F

(0,1778)

54,74)

(0.1093)

10,1722

(54.94]

{0.1093)

GirigiiT

[55.04)

(0,1023)

60,

7%
BO
96

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360

0.1833
0. 16899
0:1942
0.2024

g.200%
0,2144
0.2203
0.2260
02317

0.2373
D.2429
0,248
0.2538
0.2592

N+2040
0.2699
G.2751
0+«2803%
0.285%

0.2907
0.2958
0.3009
0,3060
0,3111

043161
0.3211
0.3261
00,3311
0.3360

0.3410
043459

5579
57.0%
58431
5956

60.01
62:06
53,32
b4 50
05.04

6F.11
68.230
6% 65
10.91
7221

73.50
T4.80
16409
77440
T8.71

80.02
61,35
B2.67
84.00
65,34

86.68
68,03
389,38
90.74
92.10

23.47
Q4.04

Ge1118
Ua1142
0.1165
g.1184

Ga1211
0.123%3
0.125%
0.,1277
D.1298

0:1319
0.1339
0.1360
0.1380
0.1400

Q.1420
0.1439
0.1458
O 1477
0.1496

01515
0.1533
0.,1552
0.1%70
0.1588

041606
0.1623
0.1641
0.1658
0.1675

0.1692
0.1709

Q17064
0.1028
01891
0.19%2

02011
0.2070
02127
0.2184
0.2239

0.2294
042349
0.2402
0+2456
G.2508

0.2560
0.2612
0.26064
042715
0,2745

0.24816
0.2866
0.2916
0.296%
0.301%

0,3064
0,3112
0.3161
0.3210
0.3258

0.3306
0.3354

§5.64
56.91
58.17
59:43

6069
61.95
6321
G4:40
65,74

67,01
68.28
6% 56
10484
12,13

73.42
T4e12
T6.02
17.33
78464

19.96
01.20
82.61
83.94
85.28

86,62
87.97
89.32
90.68
22.04

93.41
9%.78

(54.8%)1(0,1095)] (6, 1570

0.11128 0.1694
Os1136) 0.9762
0.1160] 0.1823
B:4183] 0.1883

0.1206) 5.1947
0.1220{ 0.1999
0.1250] 06.20864
0.4271] 0.2112
0.1293) 0.2164

0e13146] 02220
0:1334] D.2273
01355} 0.2324
0.13751 0.2378
0413951 0.2429

041415 0.2400
0.1434) 0,2531
0.14541 0.2581
0:147%}1 0,263}
0s1491) 0.2680

G.1510] 90,2730
0,1529) 0.27719
0.1547] 0.2827
0.1565] 0,2876
0.1583] 0.2924

0.1601] 0.2972
0.16191 0,3019
0.16361 0.3067
0.1653] 0.3114
Gs1671] 0.3161

0.1688} 0.3208
0.1704} 0,3254

5%4%9
5677
58,04
89.%8

60457
61s8%
63,140
646537
6564

66,91
68,179
69,47
T0.76
72.05

73,34
T4a64
1%9.9%
T1.25
T8.57

19.89
81.21
82.54
63.68
85421

86.56
87.91
89.26
F0.62
91.99

93.36
94.73

s 1136

G+£329

¢, 1390

0+1430

Ge 1487

0.1579

0.1614
D.1632
0.1659
0. 1666

0.1683
9.1700

0,1106

051154
01177

01260
0,1223
0.124%
Os 1265
0.1288

0e13069
Ge135%0
0:1370
0.1410
0.1449
00,1468

0. 1506
0. 1524
0.1542
01561

00,1596

G.16%5
1695
0:175%
Ga 1519

G.1874
0:1933
f.15488
D643
8.2094

0.2149
52201
02253
0.2304
G.235%

02404
0.2654
0.2503
6.2552
02600

0.26%48
0.2696
Co2T4%
0.2791
0.2838

0.2885
0.2931
0.2977
0,302%
0.3069

0.3115
0.3161

55.35
56:62
57.90
59:18

60245
41.72
(2,99
6527
65.55

4682
6810
69,38
1067
T14+56

73.26
16,56
15587
77,18
16,49

7502
8l.14
82.47
83,81
85.15

86.50
87.85
89,23
90.57
91,93

93.30
94,68

0.3100
G.E125
Ox1145
U.i172

01195
01217
6.1239
D. 126}
5.12683

0.130%
G:1325
7+ 1345
0.136%
0.1385

0:1505
0.1425
0.14%5%
0.1463
0.1482

0.13501
0.1520
01538
De1556
0.1574

0.1592
0.1610
0.1627
01665
0:1662

0.1679
01696

1460

130
i560
170
180
1496

200
210
220
230
240

250
260
zie
260
z30

360
310
320
330
340

35¢
369

185

196

195

€00

170.3 psig (59.

62°F.)

175.3 ps

ig (61,

51°F.) 1803 p

ig (63.3

&°F,)

185.3 o

18°F,)

TEmP.

Y

H

S

A

) A4

H

)

Y

sig (85
H

]

(0,1573)

(55.13)

{0, 1093)

(0,1529)

(55.21)

(0,10924 (0.1487)

(55.30)

(0.1091)

(0.1446)

(55.38)

10, 10590)

240

250
266
270
280
290

300
310
320
330
340

350
350
370

0.3028
0.3072{

0:1576
0.1638
0.1699
0.1757

0.1814
0.,1870
0.1924
J.1978
0.2031

0.,2083
0.2135
0.,2184
0.2234
0.2284

0.2333
0.5381
0.2429
042477
02524

0.2571
02618
02565
0.2711
Q.2757

0.2802
0.2848
0.2893
6.2938
0.2063

55,18
56.48
57.77
59.05

60.33
61.60
62.88
64416
65.4%

66.72
68,00
69.29
70.%8
71.88

73.18
74,46
75.79
77.10
T8.42

7975
81.07
82.41
83.75
85.09

B86.44%
87,79
89.15
2051
9i.88

93.25
94,63

-

0.1094
0.1119
0.1143
0.1167

0.1190
0.1212
0.1234
0.1256
0.1278

0.1299
0.1320
0.1340
0.1361
0.1381

01401
0.1420
0.14%0
0.1459
0.1478

0.1497
0s1515
01534
01552
041576

0.1588
0.1606
021623
0,1640
0.1658

0.1675
6.1692

0.1581
01641
0,1599

0.1755
0.1810
0.186%
0.1917
0.1968

0.2019
0.2070
G.2119
0.2168
0.2217

0.2265
0.2312
0.2359
0.2406
0.,24652

G.2498
C.25464
0.2590
0.2635
0.25680

0.272%
02769
0,2813
0.2857
0.2901

70,2985
0.2985
053031

56.33
57,63
58,92

60.20
61.49
62.77
64.05
65,34

66.62
67,91
69,20
70.49
71.79

73,10
T4.%0
75,71
T7.63
78.35

79.68
81.01
82.3%
83,68
85.03

86.38
87.73
892.09
20:46
21.82
93,20

94,57
25,98

0.1113] 0.1527
0.1138] 0.1586
0.1161] 0.164%4%

0.1134} 0.1699
0.1207{ 0.1753
0.1229] 0.1806
0.1251}] 0.1858
0.1273} 0.1909

0.1294} 0,1959
0.1315] 0.2009
0.1336§ 0.2057
0.1356f 0.2106
0.1376] 0.21%3

0:.1396] 0.22060
0.1416] 0.2247
01435} 0.2293
0.1435] 0.2339
Q.1474f 042384

D.1492} 0.2429
0.15111 0.2474
0.1529} 0.2519
0+41548] . 0.2563
815661 0.2607

0.1384] -0.2650
0.1601} 0.269¢
0.1619) 0.2737

0.165440.2823
0:1671) 0.4866

051687} 0.2503
0,1704] '0.2951

041636} 0,2780.

56.17
57.48
58.78

60.08
61437
62.66
£3.9%
65,23

6652
67.81
69.11
70.41%
71.7%

T3.01
.32
L
756.9&
78.28

19.61
B80.%%
82.28
83,62
84.96

84,32
ar.67
89.03
9040
21,77

93.1%
9%.52
95,50

0.1108
0.1132
0.1156

G.1179
0s1202
0.1225
0.1247
0.1258

0.12%90
0.1311
0.133]
0.1352
90,1372

G.1392
0.1512
0.1431
0.1450
0.1469

0.1488
6.1507
0.1525
D.154%
0.1562

6.1580
0.1597
0:16315
01537
D:R650
Del6aT

0.1684
0.1700

0.1475

0.153%
0. 1591

0.1646
0.%699
0.1752
G.1803
0.3853

0.1%02
0.1951
0.1999
002046
0.2093

0.2139
0.2185
0.2230
0.2275
0.2319

0.2364
0.2407
0e2451
0.249%
042537

0:2580
D2623
G 25665
0.2707.
0:274%
0.2791
0.2833
028745

56.02
£ 1.34
»3465

59.95
61425
62.56
63.83
65013

66.42
67.72
69.02
70.32
7i:62

T2.63
T4a2%
7556
76.88
78.21

T9:54%
80.87
£82.21
83.55
84,90

85.23
87.51
88497
853.3%
9.1
23.0%
9%e5T
$5.8%

0.1102
0.1127
0.1152

D.117%
0.1197
0.,1220
0.1242
0.126%

D.1285
N.1305
041327
0.1247
0.1368

G.1368
0.1307
G.1527
0:1446
G 1465

0.148%
0.1563
2.1521
0.1550
0.15%8

01576
0.1593
051611
0.1628
Go163%6

0s1683
0.1620
0.1895

&0
70
BO
90

100
110
120
130
140

150
180
t10
189
19¢

200
2i0
220
2320
F424

230
260
270
280
290

360 -
310

320
330
3%

359
3800
379




YEREON-13B1"Y - SUPERHEATED VAPOR &

21
YVavoluste In cu Jt]lb 7‘ ;géyﬁg!py—sfz 55‘?"5’{ . »Sz;.gmt'?pyrjﬁ a{q/ﬁx’i}{z’?‘) (1aturation propestizs i parsnibeses)
 AMSOLUYE PRESSURE, ib/tq In B
205 ) 210 215 220

TEIAP TG0, alg (65,979F.) | 1953 palg (08,72°F,) 1 200,3 paly (I0.A40F.) | 205.3 paig (JLIAOF,) | YEEAP.
e : £ -] ki H 5 ¥ H 3 ¥ %% N oF

70, 1407)|(55.45) |(0. 1089)] (0.1371) |(55.52) |{0. 10604 (0.1375) [(55.59) 5. 1067) | {0.1307) {35.68)170. 165%)

70| o.ra26] ss.00]0.1096] 001378 ] 557000098 - - : -
80| 0.1484] 57.19) 0.1121] 0.1436 ) 57.04]0.0016] 0.1391 | 56.890.3101 [o.1247 {58.73)0.0108]) @0
90 0.k5a0) 88,511 0.1146) 0.2492 | 58.37|0. 1141 0.1448 | 59,23 [0.1135 | 0.1402 |48.08}0.1130] 90

- B -~

100} 0.1595) 59.621 0.1169] 0.1544 | 59.69]0.1V64] 015001 59.56§6.115% | 0.1455 | 59.62]0.115%] 100
110} 0.1640] 61.1210.1722] 041599 1 61,0010.1188) 0.19%7 | 60.68]0.1183 | 6.1907 }60.75f06.1178] 110
L20] 0.1699] 62431 C.121%] 0.1650 ] 62.31]10.1210) 0.1602 | £2.1970.1206 | 0.1557 §62.07|0.1201) 129
130] 01750} 634721 0-1237] 01699 ] 63,6010.1233) 0,1651 ] 63.5010.0228 [ 6.1605 163.39§0.1224] 130
1401 0, 17991 65.02] 012591 0.1748 ] 64,92]0.12%5) 0.1699 ) 64,61 {64250 { 0.1653 [ 63.706])0.1244] 150

130] 0.1648) 66.32]0.0201] 01790 ] 66.22{0-0276] 0.0747 | 60:1210.1272 | 01699 | 66.02]{0.12671 150
1601 0.18%6) 67.62] 0.1302] 01843 1 67.52(0.1297] 0.1793 ] 67.43]0:1273 | 0.4765 {67.33[0.1289] 160
L70] 041943 68.921 0.1323] 01990 ] 668.63]0.1316] 0.10839 | 66.,7410.1344 [0.1790 [ 66:6410.1310) 170
180] 0.1989] 20,230 0.1343) 0.393% ] 70.14]0.133¢) 0.18084 ] 70.05{0.1335 1 0.183% {69.96]0.1331] 18O
190] 0.2035] 7T1.54)0.1363] 0.1980§ 71.4510,1359] 0.1928 | 71.36[0.1355 | 61878 | 71.28]0.1351¢ 190

2000 0.2081F 72.850 0.12383] 0.2025 | 72, 7110G.0379) 0. 1912 ] T2.68(0.1375 [ G.1921 | 72.60{0.13%1} 200
210f 0a2125] T4.16] 0.1403] 0,2069 ¢ T4.0810.139%] 0.2015 | 74.00}0,1395 | 0.1964 [ 73.92]0.1391 ] 210
220] 0.21700 75.40] 0.142%% 0.2113 ] 75.40]0.1459] 0.,2058 | 75.33]0.1415 | 0.2006 {715.25]0.0412 ) 220
2301 0.2214) 75,617 G.1442] 0.2156 § 76.7310.14387 0.2101 | 76066 [0.3434 | 0.2048 | 76.5810.1430} 2305
£501 0.2258) 70.13] 0.1461) 0.2199 | 78,06]0.1457] 0.2143 | 77.9910.145%3 | 0.2089 [ 17.91}0.1649] 240

2501 0423011 792471 0.1480] 042241 ] 79.32]0.1476] D.2185} 79.32{0.1472 | 0.2130 ] 79.25}0.1468] 250
2401 0.23441 G080} 0.1499] 0.2284 | 80.73]0.1495] 0,2226 | 40.66 10,1491 | 0.2171 §080.60]0.1487] 260
270} 0.23871 82,141 0.1517] 0.2376 | B2.08]0.1513] 0.2267{ 92.001 10,1510 | 0.2212 | 681.,95]0.1596} 270
280] 0.2429) 03.49}0,1536| 0.2367 ] 83.42]0.1532] 0,2308 | 83.3610.1528 | 6.22%2 [ 83.29{0.1524] 280
290} C.24T1] 64.0841 0.1554] 0.2400 | 64.78]0.1550] 0.2359 | 54.71 10,1546 | 0.2292 | 84,65]0.15%2] 290

300] 0.2513] 86.1910:1572] 042450 | B6,1310,1568] 0.2389 ] 86.07]0.1564 | 0.2331 186.01]0.15601 300
310] 0.25551 87.55]0.1589] 0.2491 | 87.49]0.1586{ 0.2429 | 87.43§0.1582 | ¢.2370 | 87.37|0.1578] 310
320 0.2597§ B88.93% 0,1607 0.2531 | DB.86{0.1603] 0.2469 | 38.80]0.1600 | 0.2430 §86.74)0.15%96] 320
330§ 042638 90.28]0,10625] 0.2572 | 90.223}0.1621) 0.2509 | 20.17]0.1617 [ 0.2449 [ 90.11]0.1613] 330
340| 0.2579) 91.66]D.1642] 0.2612 | 91.6010.1638| 0.2548 | 91.55 10,1634 | 0.2487 | 91.59]0.1631] 340

350] 0.2720] 93.03]0.1659) 0.2652 | 92,98]0.1655] 0.2%87 | 92.9310.1651 } 0.2526 | 92.87]0.1648] 350
360 0.2761] 94.42) 0.1676] 0.2692 | 94.36]0.1672] 0.2627 | 94.31 [{0.1668 | 0.2564 [ 94.26]0.1665] 360
370] 0.2801) 95.80]0.1692] 0.2732 | 95.75]0,1689] 0,2665] 95.70{0.1685 | 0.2602 | 95.65]0.1682} 370
380 - - - - - - 062704 |1 97.09]0.1702 | 0,2640 [ 97.04]0.1698] 380

225 230 235 ' 240
VERMP. | 210,3 psig (73.80°F.) 215,3 psig (75.44°F,) 220,3 psig (77.05°F.) 2253 psig (78.64°F.} | TEMP,
ofF v H s \d H 5 k4 H. S Y H $ F
10,1269) 1(55.72) lr0. 10841 (0.1238) 1(55.77) 1{0.1083} (0,1209) {i55.83) |(0.1082)}(0,1180) 1(55.88)}0.1081)

801 0.,1305] 56.57]0.,1100] 0.1264%4§ 56.41]0.1095] 0.1225] 56.,24]0.1090 | 0.1188 | 56.07}0.1085 a9
90| 0.1360f 57.9410.1125] 0,1319] 57,.7910.1120] 0.1280} 57.64]0.1116 { 0.1242 | 57.48}0.1111L 90

100} D 1413} 59.29) 0.1150} Go.1372 § 59.15j0.1145) 0.1332 ] 59,01 ]0.1140 | 0.1295 | 58.86}0.113&} 100
110] 9.1464) 60.62]0.1173] 0.1422 | 60.42]0.1169] 0.1383 ] 60.3610.1164 [ 0.1345 §60.23{0.21060] 110
120] 0.15131 51.95] 0.1197] 0.1471 | 61.83]0.1192] 0.1431 { 61.7010.1188 10,1393 | 61.58{0.1183}] 120
130] 0.15611 63.27{0.1219] 0.1519] 63.16]0,1215] 0.1479 ] 63.0410.1210 | 0.1440 | 62.92{0.1206] 130
140] 0.1508] 64.59] 0.1241] 0.15635 | 66.48)0.1237) 0.1525 ] 64.370.1233 | 0.2485 | 64.263§0.1229} 140

150f 0.165%] 65.91j0.1263] 0.15611 § 65.81}10.1259] 041562 65.70{0.1255 § 0.1530 | 65.60(0.1251} 150
150] 0.1699) 67,231 0.1285} 0.1655 ] 67.1310.1281] 0.1613 | 67.03]0.1276 | 01573 | 66.93]0.1272] 160
170] 0.1744] 68.55] 0.1306] 0.1499 ] 68.45]0.1302] 0.1657 | 65.36j0.1298 | 0.1616 | 68.26)10.1254] 170
180] 0.1787] 69.087)0.1327] Q1742 ] 69,78]0.1323] 0.1699 ] ¢9.68]0.1319 J 0.1658 | 69.59]0.1315] 180
190 0.18301 71.19]0.1347] 0.1785 | 71.10]0.2343) 0.1741 } 71.010.1339 | 0.1699 | 70.92}0.1335] 190

2001 0.1873 2.51] 0.1367) 0.1827 ] 72.4310.1363] 0.,1782 ] 72.34{0.1360 | 01750 | 72.26]0.1356] 200
210} 0,1919) 73.84} 0.1387] 0.1868§ 73.76§0.1383] 0.1823 | 73.6810.1380 § 0.1780 | 713.59]0.1376] 210
220 0.19561 75.1710,1407) 0.1909; 75.09]10.14031° 0.1863 1 75.01]0.1399 | 0.1820 | 74.93}0.1396] 220
230] 001998 76.50] 0.1426] 0.1949 ] 76.43]0.1423] 0.1903 | 76.35)0.1419 { 0.1859 | T6.27j0.1415} 230
2401 0.2038f 77.84 0.1446] 0.1989 | 77.77]0.144%2] 0.1943 ] 77.6210.1438 | 0.1890 § 77.62]0.3435] 240

2501 042079} 79.18] D.1465] 0.2029§ 79.1110.1461) 0.1982 ] 79.04 01457 | 0.1936 | 78.97§0.145%) 2350
260f 0.2119F B0.5310.16483) 00,2058 80.4610.2480] 0.2020 ] 80.390.1476 | 0.197% §80.32]10.1473} 240
270} 6.,2158f B1.87j0.1502§ G.2107] 81.81{0.1496] 0.2059{ B1.74]0.1495 | G.2012 | 81.67]0.14%11 270
280] 0,2198) 82.23] 0.1521] 0.2146 | B3.16]042517] 0.,2097§ 83,10{0.1513 | 0.2049 § 63.03]0.1510} 280
290] 0.,2237] 84.59] 0,1539] 0.2185 | 854.52]0.153%) C.2135] 85.46}0.1532 | 0.2087 § 84.39]0.1528] 290

300] 0.227&6] 85495} 0.1557] 0.2223 | 65.89]0.1553] 0.2172 | 85.82{0:1550 | 0.Z12% { 85.76]0.1556] 300
310} 0.2314] 87.33] 0.1575] 0.2261] 87:25;0:1971] 042209 ] 67.19]0.1568 1 0:2150 § 87.13]0.1554] 310
370] 042353] 00.68] 0.1592] 00,2298 ] 85.6210.1589) 0.2246 7 6B.57[3.1585 § 0.2197 ] 68.51]0.1582] ‘320
330] 002391} 90.06] ¢.1610) 0:23361 90,.00]0.16056) 0.2283 | 89.9410.1603 10,2233 1 62,891 0.1600§ 330
340f 0.2429] 91.44{0.1827] 0.2373 ] 91.38]0.2624] 0.2320} 91.3210.1620:]1 0:2269 §91:27§0.415317}-340

350] 0.2487] 92.62] 0.1644] 0.2410) 92.76]0.16401 0.2356 1°92.71]0.1638 10,2308 [92.65]0.3632%1 3350
360] 062904) 94.20] 0.3601] 0oZ2447 | 24.15]0,1058] 002353 24.1010.1655:1 0.2340 ] 94.05]0.1651 {1 3560

370) . 0.2542] 9559} 0.1678) Do2584 ] 95:5410,16755 042429 § 35,59 (0:16T1° } 0452376 1 95.:4%4]0:18688 370 .
380] 00,2579} 96,99 016951 042521 | 96.5610:1652] - 0,2456% § 95.,8910.1688 | 02411 | 95.84]0.3865] 3307
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"EREOH-13BV° ~ SUPERHEATED VAPOR

R i e L O e b o

Vespplume In eu fiflh;  H=enthalpy §o Biuflh;  S=éntropy In Brul{IbHPE)  (saturation p(ﬁﬁe:’i{g‘f In parentkeszs}

ABSOLUTE PRESSURE,

i/8q I

245

250

260

270

Teue,

2307 3

2453 psig (84,75F)

7

sig

k4 1)

(60,2000 )
$

L2383 p
Y

i (81,749%,)
H 5

Y

L S

255.3 palg (87,689F.)
\ H

§

(0.1152] [(55.53)

(01080

(0,1124)

(55,57)[10, 1079

(0.1076)

(56,00) [(0.1077)

(0.1029)

/56, 13)

(0. 10757

TEEIF.

90

100
110
120
130
140
15¢
10
170
180
190

200
210
270
230
240

250
260
210
260
290
300
310
320
330
340

350
360
370
380
390

0.1206] 47.32
5 .12
6009
61 4%
62,60
Ghal%

0:4243
0.1 300
0.1356
0.1402
0. 1447,

0, 1491
01534
0.1577
0.1618
0.1659

65449
6603
68:16
69450
70.83

T2.17
73.51
14405
The20
17,54

0.1699
0.1739
Q.1778
0.1816
0.1855

0.1892
0.1930
0. 1947
0.2004
0.2041

78,89
B80.25
81460
82497
84,33

0.2077
0.2113
D.2149
0.2184
0,2220

85.70
87.07
88,45
89.83
91.21

0.2255
0.2290
0,2325
0.2360
02394

922460
93,99
%5.39,
96.79
98,19

0.11086

0.1131
0.1159
0.1179
0u1202
0.1225

0+ 1247
041268
01290
01311
051332

0.1352
0.1372
0.1392
0.1412
0.1431

0.145¢
0.1469
O.14688
00,1506
0.1525

0.1543
0.1561
0.1579
0.1596
0,1614

0.1631
0.1648
G.1665
0.1682
0.1698

01171

0,1221
09,4273
G.1320
0.1360
Ga1411

0s 15559
01497
0.1539
0.,1580
0.1620

01660
0.1699
0.1737
0.1776
0s1013

0.1651
0.1887
0.1924
0.1960
0,199¢6

0.2032
0.2068
0.2103
0.2138
0.2173

0.2207
0.72242
0.2276
0.2310
0,2344

57<16{0.1101
50.97
59.93
62.68
64.04%

0.112¢6
0.1151
01179
0.1198
0.1220

65,38
66.72
68407
69440
70,14

G.1243
0.1265%
0.1286
D.1307
0.1328

72,09
73,43
4,77
76412
T1.47

18.82
80,18
81.54
82.90
84.27

0.1348
0.1349
0.1389
0.1408
0.1428

0.1437
0. 1466
0.1485
0.1503
0.1521

85.64
87.01
58.39
89.77
91.16

0.1540
0.1558
0.1575
0.1593
0.1610

92.55
23.94
95.34
26.74%
98,14

0.1628
0.1645
0.1682
0.1679
0.1695

0:1104

0:1156
0.1206
0.1253
0.1298
0:1343

0.1385
G.1427
014540
01508
0.1547

U.1586
0.1624
0.1641
01699
0.1735%

041771
0.,1807
0.1843
0.1878
0.1513

01948
0.19682
0.2016
0.2050
0.2084

D.2118
0.2151
0.2184
0.2217
0.2250

2G.8310.10%91
0. 1117
0.1142
01164
Ba1189
05,1212

S8.26
59:67
61,08
62e%4
63.81

65.16
Ghe52
6T.87
6922
70.56

0.123%
0,1257
0.1276
0.1360
01321

7191
73,426
T4.61
7.96
17,32

0.1341
0.1362
0.1382
0.1404
014621

78.68
60,04
81.40
82.77
B4.14

01440
0,1459
0.1478
0.1497
0.1515

85.51
86.89
88.27
89.66
91.04

0.1533
§.1551
0.1569
0.1587
0.1604

92.44
93.83
95.23
96.63
98.04

0.1621
0.1639
0.1655
0.1672
0.1689

0.1042

0.1094
0:1143
0:1190
0.1235
0.1279

541371
0.13462
0.1402
O.1451
G.1460

0:1517
0.1554
0.15%1
01627
01663

0.1698
0.1733
0.1768
0.1802
0.18364

0.1870
0.1903
D.1936
0.1969
0.2002

0.2035
0.2067
0.2099
0.2131
0.2163

56248

9795
59438
40,80
42.19
£3:57

G4 %Y
66,31
&1.61
69,02
T76.38

Ti.74
13.09
14255
75481
T1.07

78,53
T9.89
Ble.26
82.63
§5.01

85.39
86.77
88.15
89.5%
90,93

92,33
32.73
95413
96453
97.94

[}

0.1107
0.1133
G=1157
0.1181
0. 1204

0.1227
0.124%9
0.6271
0.1292
0.131%

G+133%
0.1355
0.1375
0.119%
O.1414

G.1433
G.14%3
08471
0.14906
0.1509

0.1527
041545
0
0.1580
C.1598

0.161%
0.163
0.1649
0.1666
0.1683

[g 8:1:31

+1563

94

100
110
126
j&1d
140

156
140
170
180
190

200
210
220
230
240

259
260
270
2890
296

360
310
320
330
340

350
3560
370
380
3%0

TERAR.

280

290

300

310

265.3 psig (90.53°F,)

275.3 psig

93,30°F.)

285.3 psig (96,00°F,)

295.3 psig (98.64°F,)

A H

S

y

)

H

v

H $

Yy

H

E]

(0,0986) |(56,19)

(0.1072}

(0,0945)

(56.24) }(0.1070

{0.0906)

(56.28) |(0.1068)

{6.0870)

(56.31)

(0.1065)

TEMP,

100
110
120
130
140

150
1690
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
350

350
350
370
380
350

500

0.1036
0.1085
0.1132
0.1176
0.1219

57.62
59.09,
60.52
61.93
63.33

0.1261
0.1301
0.1341
0.13719
0.1417

64,72
656,09
67.46
68.83
70.20

0.1454
0.1490
0.1526
0.1561
0.1598

71456
72.92
1428
75.65
77,01

0.1630
0. 1654
01698
0.1731
0.1764

78.38
79.75
81.12
B2.50
83.88

0.1797
0.1830
0.1882
0.1894
01926

85.26
86.564
88.03
89.42
90.82

0.1957
0.1989
0.2020
0.2051
0.2082

92422
93.62
95.02
95543
97.84

0.2113§ 99.25

0.1098
01124
0.1149
0.1173%
0.1197

0.121%9
0.1242
0.1264
0.1285
0.1307

01327
0,1348
0.1368
0.1388
0.1408

0.1427
0.1446
0.1465
01484
G.1502

0.1521
0,1539
01557
0.1574
0.1992

0.1609
0.1627
0.1644
01660
0.1677

0+1624

0.0980
041030
0.1077
0.112¢
0.1164

3.1205
L+1245
0.1283
0.132}1
0,135

01394
0.1430
041465
0.1499
0.1533

0.1567
¢.1600
D.,1633
D.1666
0.1698

0.1730
0.1761
G.1793
0.1824
0.1855

0.1825
0.191%
01966
0.1977
0.2007

©.2036

57.28
58477
60.24
bl.67
63.08

0.1089
D.1115
0.1140
041165
0.1189

0.1212
0.1235%
0.1257
0.1278
0.1300

64.49
65.87
67.26
68,63
70.01

71.38
72.715
T4.12
75,49
76.86

0.132%
0.1341
Ds1362
0.1382
0.1401

78.23
79.61
80.99
82.37
83.75

0.1421
01440
0,1459
0.1478
041495

85,13
86,52
87.91
69431
20,71

6.1515
0.1533
0.1351
9.1569
0.1586

92.11
93.51
95.92
96,33
3774

0.1604
0.1621
0.1638
G.1653
0.1672

99.36710, 1688

0.0928
0.0978
0.1025
0.1069
0.1112

0.1152
0.1192
0.1230
0.1267
0,1303

0.1339
01374
0.1408
01442
0.1475

0.1508
0.1540
0.1572
0.1604
0.1635

0.1667
0.1697
0.1728
0.1758
0.1788

01816
0.1848
0.1878
0.1507
0.1935

0.1965

56.91
58.45
59.94
6l.40
62.83

0.1079
0.1106
0.1132
0.1157
0.1181

64425
65.65
67,05
6Be%4
69.82

0.1205
0.1227
0.1250
01272
0,1293

Tt.20
T2.58
7395
75.33
16.71

0.1214
0.1335
0.1355
0.1375
0.1395

78.09
79.AT
80,85
82.23
83.62

0.1415
3.1434
0.1453
0.1472
0.14%1

85.01
86.40
87,79
8%.19
90.59

0:1509
1527
«154%
-1563

g.lSSL
1598

0.161%
0.1632
0a1652

0. 1656

92.00
93.40
94,81
6423
2764

99,06 P, 1583

0.0878
0.0929
0.0976
0.1020
0.1063

0.1103
0.1142
0.1179
U.1216
0.1252

0.1287
0.1321
0.1355
G.1388
0.1420

0.1452
0.148%
0.1516
B.1557
0.1577

0.1608
0.1638
0. 1555
0.1697
0.1726

0.1756
01785
0.1813
0.1842.
g.1870

021899

56453
58.12
59,64
61.12
62.58

64,01
65.463
66.83
68.23
69.63

71.01
72.40
73.78
1517
76-%53

77.94%
T2.32
80.71
82.10
83,49

84,88
86.28
87.67
89,067
90.48

9159
93,30
G4%.71
9612
27.54

98,97

0.1069
01097
0.1124
0.1149
0.1173

0.1197
0.1220
0.1243
0.1265
0,1286

0.1308
0.1328
0.1349
0.13¢9
0.1389

0.1409
0.1428
01447
D.14864
G.15%85

0.1503
Da1522
01540
0.1557
01573

0.1593
1610
0.15627
D154
0.14658

0.1477

i00
110
iz20
130
1490

150
160
i10
180
190

200
2ip
220
23D
240

250
260
270
280
298

100
310
320
330
140
350
350
370
3480
386,

400




CUEREON-TIBY « SUPERHEATED VAPOR

=volume bt cu ,,a,,b;. Heanthplpy fn Bruflb; . 5=¢i opy In-Biuf(Ib}?8)  {saturation properiies In parenthrsss)

S i,

&

370

ABSOLUTE PRESSL .7, ib/aq in
I 77

330

) ,3(3.?3 j;!

g, (101,22°¢,)

"315.3 palg

103,739F,)

3233 ety (106

19°F,)

335.3 psaly (10860°F,)

Y

5

Y

(1 5

v

b 2

¥

3

(0.0036)

(56.33)

(0,1057)

(0:0804)

(56.34) |(0. 10g0

10.0774)

(36,34)

;g, 058}

(0.0745)

156.331(0,1055)

119
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
279
280
290

300
310
326
330
340

350
360
370
380
3990

400
410

0.0682
050930
0.0974
0. 1016

051056
0.1095
0,5132
01160
0.1204

0.1238
0,1272
0.1305
0.1337
0:1369

0.1401
0,1432
0.1462
0.1493
0.1523

0.1552
0.1582
G.1611
041640
0.1648

0:1697
0.1725
0.1752
0.178%
0.1809

0.1836
0.1864

57476
59432
60,04
4231

0.1080
0.111%
0.1141
041164

63,76
65,20
G062
68,03
6943

0.1190
0.1213
0:1236
0:1258

g. 1750

10,83
1222
1361
15.00
T6:39

a.1301
v.1322
0.1343
0,1363%
0.1303

77.78] 0.1403
7917} 0.1422
B80.57 01442
81.96] 0.1460
83.35] 0.1579

0.1490
0.1516
0,1534%
0.1552
0,157¢

B%.?ﬂ
86415
B7.55
88,96
90.3%

917
23.1
944t

96.0.
7« b>

0,1587
0.160%
0.1622
0.1639
0,1656

98.87]
10030

0.1672
0.1689

0.0037
0,0886
0.0931
0.0%713

0:10113
0.1051
09,1088
041123
0.1158

0.3192
0.1225
.1258
0.1290
0.1321

0.1332
0.1382
O.1412
0.1442
0.1471

0.1500
041529
0,1558
0.1586
0.1614

0.1642
0N.1669
0.1697
0.1724
0.1751

0.1778
0.1804

57.3910, 1079
54,6010, 1107
60,3410.113)
62:04}0.1158

g.1183
012006
01229
0.1252
0:1274

63.951
64,96
66440
6T.82
69 2%

19-64
12,04
Tih4
T6.84%
The2h

0,1295
0.1318
0.1337
0.1357
0.1377

77,63
79.03
80.42
8l.82
83,22

0.1397
0.1417
01436
0.1455
0.1474

B4.62
86.03
B87.43
88,84
M0.2%

0.,1492
L1511
0.1529
01547
0.1565

91.66
93.08
94.50
95.92
97.34

0.1582
0.1599
0.,1417
0.1634
0.1651

98.77
100.20

0. 1667
0.1684%

BuGt94
G OBLA
0.08849
0.0931

0.0971
01009
01046
0.1081
0s111%

C.k149
0.1181
00,1213
0.1245
0.1276

0.1306
0.1336
Q1365
0.1394
0.1423

01451
0.1479
0.1507
0.1535
01562

0.1%90
0,1616
0.1643
0,1670
0.1696

0.1723
0.1749

57.00
58«65
6023
6l1.76

04 1065
0.19%¢
0.112%
01151

63,26
64,73
6b.18
67461
67.0%

0:117%
0.119%
D.1222
01245
6.1267

10.4%
Ti.86
13.27
75,68
76.0G8

041289
0.1310
0.1331
04,1351
G.1372

17458
T8.88
B80.28
B81.69
83.09

0.1392
0.5411
0:1430
§.1450
0.1408

84.49
85,90
a7.31
88.72
90.14

0.1487
0.150%
0.1524
0.1542
C.1559

91.55
92.917
94439
95.82
97.24

0.1577
0.1594
0.1612
0.1629
0. 1646

9B.67
100.11

0,.1662
0.1672

00152
0:.0603
D.0869
0.0692

0.0932
00270
610086
0:1041
01075

0.1108
0. 1147
0.1172
0.1202
0.1233

0.1262
0,1292
0.1321
G134
0.1377

B 1505
0.1433
0.14560
01487
01514

6.1540
0.1567
0.1593
0.15619
01645

02,1670
01696

$6.%8
4,30
5%:92
t1.48

GZ.99
L5445
65.95%
6740
H2.63

Y0:26
?i 0(63
T73.16
T4.51
15.92

T7.33
7873
BOe16
8155
82.96

8%5.37
85.78
687,19
88,60
90.02

Fi.44
22.86
$4.29
95.71
97,14

98.58
100.01

421059
0. 11589
B3117
O.114%

O.1i58
0.4192
0:1216
0.1239
Gl1261

Ga1203
0.1306
0.1325
01346
G.1365

0.1386
Ga 1406
0.1425
Q.1444
G.14563

0.1482
0.1500
06,1519
5.1537
0.1556

G.1572
0.1590
0.1607
041624
0.1641

0.1658
0.167%

340

350
360
370
380
390

£00
4510

350

370

380

3%0

TEMP.

345.3 psig (110.95°F,)

353.3 psig

113.26°F.)

365.3 psig (115,52°F,)

3753 pzig (117,749F.)

y

H )

b4

H

Y

H 5

Y

H

s

(0,0717)

(56.31)

(0.1052)

(0.0691)

(56.28) (0. 1049

(0.0666)

(56,24) |(0.1046}

{0.0642)

56.18) 40,1043}

TERMP.

120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
3190
320
320
340,

350
3450
374
380
3908

400
410
420

0,0765
0.081)
0.085%

00894
0.0922
0.0%68
0.1003
0.1037

0.1069
0.1101
01132
0.1162
0.1192

0.1222
Ge1250
0.1279
01307
G.13346

0.1362
01389
041415
0. 1442
0.3468

0.1494
0.1520
01558
0.1571
0.15%986

0.1621
0.,16%8
0.15671

57.92
59.59
6l.18

0.1080
0.1109
01135

0.1161
0.1186
0.1209
0.1232
0.1255

6273
64223
65,72
67.18
68.63

0.1277
0.1298
0.1319
D.1340
0.1361

70.907
7150
72.92
T4.34
T5.76

T1.17} 0. 1381
78.58] G.1400
80.00{ 0, 1420
81.41f 0.1439
82.82] 0.1458

0.14677
0, 1495
87:07 0.1514
88049 0.1532
8%.91 D. 1550

64,24
8565

95.3% 041567
92.79 0.1585
94.18 01602
95.61 0.1619
97,0

98.48 0,1653
9994 018665
101.35 0416885

0.1638

0.0727
0.0775
0.0818

0.0859
0.0896
0.0632
0.0567
0.1000

0.1033
0.10464
0.1095
0.11235
0.115%

0.1183
0.1211
0.1239
0:l266
Gel294

0.1320
0.1347
0.1373
0.,1399
V1425

0.31450
01476
01501
0.1526
041550

9.157%
0.1599
0.1624

0.1071
0.1100
0.1128

57.52
59.24
60.88

62.45
63.98
65.48
6696
68.42

0.1154
0.1179
0.1203
0.1226
0.1249

59.87
71.31
12.74
T4.17
T5.59

0.1271
0,1293
0.1314
0.1335
0.1355

0.1375
0.1395
0.1415
0.1434
01453

17.02
T8.53
79.85
81.27
82.69

0.1472
0.1490
0.1509
01527
0.154%

84,11
8553
86,95
8B.37
8919

0.1562
0.1580
01597
0.1615
Ga1631

91.22
92.65
94,08
93.51
S96.9%

gagzslﬂ.iéﬁﬂ
§9.82} 0.1685
101.2¢{ 01821

0.0691
0.0740
0.0784

0.0825
0.0862
0.0898
0,0933
0+096%4

0.0998
0.1029
0.105%
0.1089
0.1118

D.115%6
0.1174
0.1201
0.1228
01255

0s1281
G.1307
0.1333
0.135%
0.138%

0.1409
01435
0.1458
0.1583

0-1507

041531
01555
0.1578

57.10 10.1061
58.88 [0.1092
60.56 10,1120

62.16 10,1147
63.72 {0.1172
65.24 [0.1196
66,74 10,1220
6B8.21 10.1243

69.67
71.12
72.57
T74.00
75.43

0.1265
0.1287
01308
0.1329
0.1350

T6.86
78.28
19.71
81.13
82.55

0.1370
0.132%0
041410
0.1429
0.1448

83.98
85.40
86,92
88.25
89.68

0.14567
01488
0.150%
0.1522
01540

2i.11
92.5%
93597
G5.41
26.84

0.1555
0.1575
8a:1593
0.1610
0.1327

0.165%
0.1680
0.1677

98.328
29,72
101.17

0.0655
0.0706
0,0751

0.07%92
0.0830
0.0866
0,0900
0.9933

0.0965
0.0995
0.1025
0.1055
0.10383

0.1i12
0,1139
0.1166
0.11%2
0.1218

0.125%
0,1270
0.1295
0.1320
6.1345

0,1369
0.139%
0.1418
01642
G.1466

0.1489
841513
01536

56.64
58,51
60423

6187
63,45
65,00
66,51
68.00

69417
10.93
T2.38
T3.83
T5.27

16,70
73.12
79.54
80.99
22.42

83.84%
B5.27
86.70
80.13
89.56

90.9%
92.43
23.86
95430
HT%

?5;%%
29263
161,07

0,1051
0.1083
0.1112

0.1139
G.1165
0.1150
0.1214
0.£237

0.1259
0.1281
0.1303
0.132%
01345

0.1365
0,13285
0.150%
0,1425%
0.1443

G.1462
0.1461
0.1499
8:1517
0.1533

0.1553
0.1571
01588
G:1605
01623

0.15639

0.146%51

0,1633

120
130
150

150
160
170
180
130

200
210
220
230
240

25¢
260
270
280
290

350

_&00
420
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=volume in cu fijlb;  H=entholpy tn-Btuflb; Ssertropr in Bluf(IBHR} ~ (saturotlon progeriies In partatheres)

ABSOLUTE PRESSURE, th/sq in

a0

A

430

A30

TErp.

405,3 palg (124.140F.)

F

3053 paly (119.919F,)

5

~395.3 palg (122.0508,)

b

]

¥

H 1 5

4153 palg (16,2657, )
v H 5

{0,0619)

(66.19)

(0.1040)

(0.059%)

(56,05)

(0.1037

{0.0575)

(55,95)

(0,1033]

(0.05%5] [{25.66)1(0. 1930)

126
139
140,

15¢
169
170
186
190}

200,
210
220
230
240

250
269
270
280
290]
3006,
310
320;
3350
340

3504
360
3704
380
390

400
410
420
430

0.061%
0.0673
0.0719

0.0761
0.0799
0.083%
0.0669
0.0902

00933
00,0964
70993
0.1022
0.10%50

2.1078
0,110%
0.1132
0.1158
0.1184

0.1209
0.1234
0.1259
0.1284
0.1308

0.1332
0:1356
0.1380
0.1402
Ga14206

0,1449
0.1472
0.1495

100,98 0.1648

Ghaldl
58,11
5% 8%

0.1041
dei0Te
0:1104

61257

63l
6447
bbe 28

67704

2s1132
0.1153
9.1143
0.1207
0.1231

0.125%
0.1276
0.1297
0.1318
01339

69,27
70.74
12208
13.65
1510

76.54
T7.9

T9.41
80,85
82,28

0.1360
0.1340
0. 1400
0. 1419
0.1438

33,71
85.14
86.59
ag.01

"o 49

C. 1457
0.1476
0.1495
0.1513
0.1531

F0.60
92.34
9374
95.20
90 b

0.1549
0,1566
0.1584
0.1601
0.1618

98.09
99.5%

0.1635
0.1652

= -

0.06411 57,68
0.0809] 54,53

06131
0.0769
0:0809%
0.0039
0.0872

51,26
62.90
64449
G6.04
4T5¢

G903
0.09312
0.0963
0,091
0.1019

59,06
10.55
12.02
73,48
74.93

041046
0.1073
0.1099
0.1125
0.1151

76,38
17.83
79.27
80,71
62.14

0.1176
0.1200
0.1225
0.1249
0.1273

041296
0.1320
0.1343
0.1366
041389

83.58
85,02
86,45
87.89
89.33

90,77
92,21
93.65
95.09
6. 54

0.1412
0.1434
0.2457
01479

91,99
99,44,
100.89
102.34

0, 1068
0:1096

O.112%
051151
01171
0s1201
0a1225

U248
0.1270
0.1292
0.1313
0.1334

Ga1355
0.1375
0.1395
0.1414
0.1434

0.1453
0.15472
0.1490
0.1508
041327

041544
0.1562
0.1580
0,1597
0.1614

D.1631
0.1648
0.166%
0.1681

-

G2G60%
9.065%

00702
0.075%
0.0717
0.,0811
0+G643

3.0875
09.090%
04092,
0.0962
G4,0989

0.4016
5.1043
0.1069
04,1094
0119

011449
0.1168
0.1192
0.1216
0.123%

0,1263
0.1286
0.1308
0.1331
0.1353

0.1376
0.1398
0.1420
0.1442

5te2710.10%%
59<1610.1008

6.3
$2.61
64.23
65.80
67434

Ga. 1117
01144
0.1176
Ga1195
0.1219

0:1242
0412695
01287
0.1308
01329

68.8%5
T0.35
r1.8%
73.30
ThsThH

The22
17.67
19.12
80.56
82.01

9. 1350
0.1370
G.1390
01410
0.1429

83445
B4.89
66433
87.77
89.21

0.1448
Q. 1467
0.1486
0.1505
0.1522

90.66
92.10
93.54
94499
96+ 4%

0.1540
0.1558
0.157%
01593
G.1610

97.89
9934
100.79
102.25

0.1627
0.1644
0.1660
0.1677

D03T8 | 56,73 0.1045
00630 | 56,761 0.1079

6040
62.31
£3.96
5%:%%
&7.11

60.64
10:1%
11:64
13.12
T4.5%9

g.5110
0.1137
O.116%
0.1189
0.1253

0:1236
D.12%%
0.1241
0:1303
0.132%

D OLTH
B,0713
0.075%0
0.0T84%
9.0816

0.0847
G.0077
0.0906
0.0934%
00981

0.09886
J.1014
6.1039
0.1056%
0.1089

T6.06
Tr.52
Ta.97
680442
AL.87

0s1345
G.136%
D. 1385
G.k2"5
D.1425

0.1113
0.1137
0.116%
0.1184
0.1207

83,31
84,76
86.21
B7.6%
89.10

0.1444
0.1463
0.1481
0.1500
0.1518

0.1230
0.1253
0.1275
0.1298
0.1320

90.5%
9L.99
9344
94.89
96,34

Ce1536
0.155¢
0.157L
0.1589
0.1605

0:134]
01363
0.1385
0.1406

97.79
T 28
100.70
102.16

0.1623
0.16%G
G.1655
0.1673

244

250
260G
270
280
230

300
310
320
330
350

350
360
370
380
350

400
410
%20
430

440

450

460

470

TEMP,

425.3 psig (128,22°F,)

435.3 psig

130,21°F,)

445.3 ps

ig (132,17 ,;

455.3 psig (134,09°F.).

V

H S

A4 s

H

A

H S

v H $

(0.0535)

(55,75}

(0.1027)

(0.0516)

(55.62)

0.1023)

(0.0497)

(55.47)

(0.1015)

{(0.0479)k(55.31)}70. 1013}

F

TEEP,

130
1404

1508
164
170
180
19¢

2008
210
2208
230
250,

2504
260
27
280
290

300
3210
320
330
340

350
350,
376G
380
390

400
410
420
430
440

0.0547
0.0601

0.05647,
0.0687
. 0Tl4
0.0758
0.0790

0.0821
0.0851
0.0879
0.0907
0.093%

0.0960
0.0986
0.1011
0.1036
0.1080

0.,1084
O-llﬂﬂ
0.1131

01154
0.1177

0.11%99
0.1222
0.1244%
G-1266
0.1267

0.1309]
01330
0.1351
Ga13?21

=

100.61
102.07%

56418
58434

0.1034
0.1070

60.25
62.04
63.64
65.30
66,89

90,1102
0.1130
0.115%7
0.1183
0.1207

68.43
69.93
7145
T2.94
1452

0.1231
0,1254
0.1276
G.1298)
0.1319

75.89
77.34
78.83
80e2
81.7

0.1340
0.1361
0.1381
0. 1401
0.14290

83.1
84.6
B640
B7.3
88.9

0.1439
0.1458
0.1477
0.1495
0.1514

0.1532
0.1549
0.1567
0. 1584
Q.1602

G0, 4
91.8
93.3
4.7
96425

9769
99419

0.161%
6.1636
0.1652
01669

=

~01361

0.0573] 57.90
0.0620
3. 0661
0.06%8
0.0733
0.0765

59.8

63,40
65.05

0.0796
0.082%
0.0854
0.0881
0.06908

68.21
59.74

14,25

0.0934
0.09%9
¢.098%
0.1009
0.1033

17.20
78467

81.5

0.1036
0.1080
0.1103
0.1125
O.1348

0.1170
0.1192
0.1214
0.1235
0.1256

9% 5
96514

97459
92,05
190.51
101.9¢
103,44

0.1278
G.129%
041319
0:1340

61.69

66.64

T1.26
12,76

75.73

8013

B3.0% 0.1435
B8.30 0.1454]
B5.95 0,1473
87.41) 0.1491
88,86 0.1509

90.32 0.152
91.7T 0154
93.22 0.1563

0.1061

0.1069%
0.1123)
0.1151
0.1177
0.1201

0.1225
0.1248]
G.1271
04,1293
0.1314

0.1335
0.1356
0.1376)
0.1394]
0:1416

O.158
0.159

! Da1663
0.1681

0.0546

G.0595
0.0637
0.0674
0.0709
0.0741

0.0772
0.0801
0.,0829
0.0857
0.0883

0.0909
0.093%
0.0959
0.0983
4.1007

0.1030
0.1053
0.10715
0.1098
0.1120

0.1142
0.11632
0.1185
D.1206
0.1227

- Qw1248

621268

T 0.1289
9a1309

0.1329

57.41]0.1051
5949
61.36
63.11
64.79
66441

0.1086
O.1116
01144
0.1170
0.1196

67.99
6954
71.07
72.58
T4.08

0.1220
0.1243
0.1266
0.128¢
G.1309

75.56
17.04
78.52
19.%9
81,45

0.1331
0.1351
0.1372
0.1392
0.1411

82.91
86.37
85,83
87.29
88,75

0.12431
0.1450
0. 1468
01487
0.150%

90420
91.46
93,12
94.57
95,03

g.1523
0-1541
0.1559
0.1577
0.1594%

G149
2895
100442
i0l.83
103.35

0.1411
G.1628
6,1665
0.1861
041677

C0ai115

0.0518 56.sj 0.1051

59.0
61.02
62,82
64457
66. 16}

0.0570
0.0613
0.0651
0.0685
¢.0718

0.1677
0.1199
0.1137
D.1164
0.1190

0.0749
0.0778
0.0806
0.0833
0.0859

67 .74
69.33]
70.87]
72.3
73.92

D.1214
0.1238
01261
0.1283
0.1305

0.0889
0.0%10
0.093%
06,0938
0.0981

5.4
76.8
78.37
19.84%
81.31

01328
T.1347
0.1357
0.1387
0.1407

0.1004
0.1027
0.1049
0.1071
0.1093

B2.78; 0.1425
B4.24] 0.1445
B5.T0 01484
87.17] 0.1483
B8.63 0.1501

0.1520
0.1537
0,155%
0.1572
8:1550

Q0.5
921.5
93.01
4.4
959

0.1135
G.1157
B.1178
0.11%99

0.1219
0-12291.98.86] 0,1524
0:12601i00,33.0.1641
0,1280 1161.79: 01657

0.1799 j163.26] 0.147%

9?;3;3 01407
&

120
140

150
150
170
180
190

200
210
220
239
240

250
280
210
280
2%0

300
310
320
330
340

350

360

70

3agp

330

410
A2D
%30
A4%C

400




“PREON-1381" - SUPERHEATED VAPOR %
??éy;}}amg i e Jopth;  Fmgrtholpy in Blufib; ‘-zeﬁﬁép? i Biu (YO8 - (sarurstion properiles In ~arsaikesss)
7 ___ARSOLUTE PRESSURE, Ib/eg tn
. Amg I I B »
VEEP. | 4655 pulg (199.95°5,] | 4753 paig (137,64 °F,) _A85.3 pslg (139.66%F,) | 4953 palg (141,45°7,) | VEBAP,

¥ 1y Bl s | v H 15 ¥ H 1§ v H 1 5 K4

(0.0461) 1(55,13) (0. 1010)] (0.0443) [(£4,93) [(0. 1005 (0,0427) }54,70) 40,1000} {(0,0410) Y/54.45)§0.0595)
140} 0.0490] 56.30] 0.1029] 0.9461 ) 55.63]0.5017] 0.0429 ] 54,020 1002 | - - - | 140

gy

150] 0G.0545) 58.66] 0.1068] 0.0520 56.2070.1059] 0,9496 | %7.70[0.1050 G:0412 | 5716101039} 150
160p 0.05091 40.67) 9.1101] 0.0%66 ] 60.30] 01094} 0,0544 ) 59,91 90,1086 { 0.0522 {59.°6]0.1677 140
170} 0.0828] 62.511 0,1131) 0.0606§ 62.19}0,1126] 0.050% ) 61.87{0.1117 ¢ c.0804 61:5710.0116G) 170
180] 0.0663] 64.25 0.1158] Deuod) | 63,97]0.3152] 0.0421 | 63.68]0. 1240 0.0600 | 63.3814.1139] tan
190] 0.0696) 65,91 0.1184} 0.0674 ] 65.66)0,1178] 0.0853} ¢nusolo.1172 9.0633 1 65.19}0.1%45] 190

2001 0.0726f 67.53 0,1209) 0.0705 67.30]0.1203] 0.0664 ) 67.0610.11098 | n.006s 66.830.11921 200
2101 0.0755] 69,12) 0.3232] 0.0734} £3.90f0.1227] 0.0783 68.65]0.1222 0.0693 1 68.4610G.1217] 210
2201 0.0703] 10.67) 0.1256) 0.0762| 70.4710.1250] 0.0741 | 76.27}0.1245 0.GT2L 1 10.0610.12601 220
2301 0.0810f 72,211 0.3278] 0.0709) 72.02{0.1273] 0.0768] 71.03|0.1266 | 0.0748 Th,43%10.1263] 2306
240) 0.0836] 13.720 0.1300] 0,0814} 73.55§0,1295] 0.,0793] 73.3710.1290 0:0773 | 73.18§0.12841 240

2501 0.0862] 75.23] 0.1321] 0.0840 | 75,06§0.1317] 0.0818§ 74.89{0.1317 0,079 1 T4.72]. «1307] 250
2601 0.0886) 76.73) 0.1342} 0.0054 ) 76.5610,1338] 0.0843) 76.4000.1335 0:0822 | 76.24]0.1329}) 260
2701 0.0911 78,211 0.1363] 0.0888] 76.0610,1358] 0.0066) 77.90{0.13%4 | 0.0845 F1.1510.1350] 210
280§ 0.0934) 79.69 0.13831 0,0911 | 79.55;0.1378} 0.0889 ] 79.40]c.1374 0.0668 | 719.25]0.1370) 280
290f 0.0957f 81.17 0.1403] 0.0934f 81.,03{0.4398] 0,0912] 80.89{0.1394 | 0.0891 | 80.74 0,1390] 250

300f 0.09801 32.64 U.1422] 0.0957) 82.%1]0.1418] 0.0934] 82.37}0.1214 | 0.0913 62.23J0.1410) 300
310f 0010021 B%.11f 0.1441] 1.0979] 83.98}0.1437] 0.09%6] 83.8510.1433 | 0.0934% 83.7210.1429] 310
3201 0.1024] 85,58 0,1460] 0.1001 ] 85.45}0.1456] 0,0978] 85.32]0.1452 | 0.095¢ 85¢20,2.1548} 320
330 0.1046] H#7.04) 0.1479) 0.1022] 86.92{0,1475] 0.0999] 86.20|0.1471 | 0.0976 86,68]0.1467) 330
340] 0-1068) B8B.511 0.1497] 0.1043} 86.39]0.1493] 0.1020] 88.27]0.:490 | 0.0997 B8.15[0.1486] 340

3501 0,1089] 09.97 0.1516] 0.1064] 689.86]0.1512] 0.1040] 89.74]0.1508 | 0.10L7 89.6310.1504 350
2601 0.1110] 91,44 0,1534] 0.1085] 91.33}0.1530f 0,1061 | 91.21]0.1526 | 0.1038 91.1010.1522] 360
3700 0.1131) 92.90 0.1551] 0.1105} 92.79]0.1548] 0.1081 | 92.69]0.154% | 0.41057 92.56{0.1540] 370
3801 0.1151) 94437 0.15¢9] 0.2125] 94.26§0.1565] 0.1101] 94.16]0.1561 | 0.1077 94.0510.1558} 380
3901 0.1171} 95.83 0.1586] 0.1145) 95.73}0.1582) 0.1121] 95.63)0.1579 | 0.1097 95531 0.1575] 390

4001 0.1192F 97,30 9.1603] 0.1165] 97.20] 0.1600] ©.1140} 97.10]0.1596 | 0.1116 | 97.00 0,1592] 400
4101 0.1212] 9B.74 0.1620f 0.1185] 98,67} 0.1617] 0.1160] 98.57]0,1613 | 0.1135 98.4810.1510} 410
4201 0.12311100.2% 0,1637| 06.1205 [100.14]0.1633] 0.1179 196.0400.15630 0.1154 § 99,95} 0.1626] 420
430] 0.125111061.70 0.1654] 0.1224{101.61]0.1650] 0.1198 }101.52{0.1647 0.1173 101,431 0.1643] 430
440f 0.12711103.17 0.1670] 0.1242[103.08} 0.1667] 0.1217{102.99}0.1663 | 0.1191 102.90] 0.. 660f 440

450 - - - - - - - - - lo.1210 1os.38} n.1876] 450

520 530 540 550
TREAP. | _505.3 psig (143.26°F.) | 515.3 paiy (145.02°F.) | 525,3 pslg (146.74°F.) | 535.2 psig (148,45°F,) | TEMP,

F Y H $ v H $ ¥ H ) v H 5 L4
(0.0393) i(54.16) |(0.0989)} (2.0376) l(53,84) 110.0982)} (0.0359) |(53.46) [(0.0975)1 (0.0341) |(57.C1)|(0,0%56)

150} 0.0447} 56.55/0.1028) 0.0621 | 55.86}0.1015] 0.0393 § 55.05§0.1001 { ¢.03562 §54.00}0.0982} 1590
1601 0.0501] 59.07/0.1069] 0.0479 | 58.61}0.1060] 0.0458 | 58.116.1051 | 0.0437 | 57.5810.10411 160
170 0.0544} 61.17§0.1103] 0.0524 | 60.81]0.1095] 0.0504 | 60.42(0.10688 | 0.0485 | 60.22{0.1080}1 170
1807 0.0581§ 63.08]0.1133, 0,0562 ] 62.77]0.1126] 0.0543 f ¢2.45]0.1120 | 0.0525 | 62.11)6.1113] 180
1901 0.0614} 6%.87 0.1160] 0.0595 } 64.59]0.1154] 0.0577 | 6¢4.31(0.1148 | 0.D560 { 64.0210.1152] 190

200) 0.0645) 66.50] 0.11875 0.06271 66.33}0.1181] 0.0609 ] 66.08}0.1175 § 0.0591 | 65.8210.1170} 200
210} 0.06T4] 68.24; 0.1211} 0.0656 | 68.0110.1206] G.0638 | 67.78]0.1201 §0.0620 | 67.5410.12195} 210
220f 0.0702] 5£9.85/ 0.1235] 0.0683 | 69.04{0.1230] 0.0665] 69.43§0.1225 | 0.06648 | 69.21}0.1221} 220
230F 0.0728F T1.44] 0.1259] 0.0709] 71.2410.1254] 0.0691] 71.04}0.1249 | 0.6674 | 70.84}0.125c) 220
2401 0.0754) 73.00§ 0.1281] 0.0735] 72.82{0.1276] 0.0717} 72.63|0.1272 } 0.0699 | 72.64}0.12471 250

250f 0.0778] 74.55] 0.1303] 0.0759} 74.37§0.1299] 0.0741 | 74.19]0.1294 | 0.0723 | 75.02{0. 1290} 250
2601 0.0802] 76,07 0.1324] 0.0783 | 75.92}0.1320] 0.0764§ 75.74}0.1316 | 0.0747 | 75.5710.1311} 280
270 0.0825] 77.59 0.1345) 0.0806] 77.43]0.13%1} 0.0787] 77.28}0.1337 | 0.0769 | 77.12}0.1323] 270
280] 0.0848] 79.10§ 0.1368) 0.0828] 78.95]0.1362] 0.0810} 78.80{0.13538 | 0.0791 | v8.465]0.13%4] zeo
290} 0.0870] 80,608 0.1386] 0.0850] 80.46}0.1382! 0.0831} 80.31§0.1378 | 0.0813 } 80.17]0.137%] 290

300f 0.0892] 82.0% 0.1406] 0.0872} €1.95j0.1402] 0.0853] 81.82§0.1398 { 0.0834 { Br.68}0.13%¢) 200
310] 0.0913; 63.58 0.1425] 0.0893] 83.45]0.1421] 0.0874} 83.32}0.1418 | 0.0855 | 83.18{0.1518] 3i0
3201 0.0934] 85.07} 0.14%4] 0.0914] 84.94] 0.1441] 0.0894] 84.81]0.2437 ] 0.0875 | 85.68]0.14331 320
330] 0.09%5f 86.5% 0.1463} 0.0934] 86.43] 0.146C] 0.0914] 86.31;0.1456 | 0.03825 { 86,18} 0.1452] 2330
340f 0.0975] 88.0%H 0,1482{ 0.0954] 87.91}0.1478] 0.0934} 87.80]0.1475 § 0.0915 ] 87.68]0.1472] 230

3501 0.0995] 8%.51] 0.1500] 0.0974] 89.40f0.1497] 0.0954} 89.28]0.1493 | 0.0932 | 89.17] 0.14891 350
360; 0.1015) 90.99 C.1519; 0.0994}| 90.88/0.1515] 0.0973} 90.77§0.1511 [.0.0953 | 90.651 0.1508] 280
370} 0.10355 92.47 0.1536] 0.1013] 92.36)0.1533] 0.0992% 92.25{0.1522 ] 0.0972 | 92.14] 0.1526] 370
380] 0.1054] 93:9% 0.1554) 0.1032] 93.84§ G.1551] 0.1011§ 93.74j0.1547 { 0,099 | 93.62] 0.15%41 380
396] 0.1075} 95.43 0.1572] 0.1051f 95.32§0.1568] G.1030] 95.22]0.1565 ] 0.1002 { 95.12{ 0.15561] 350

4000 00,1093} 95.90Q 0.158%] 0,1070] 96.80] 0.153] 0.1049] 26.70j0.1587 G.iﬂ?a,,?&;ﬂﬁ 0:{5?? 400
410 O 11111 9B.38 0.1608] 0.1089 98‘2310.1603 010671 98,19]0.159% ] 0.1046 | 98.0% 0.15%5] 410
4

420] 0.1130] 99.86 01623} 0.31%71 99:T76]0.1613] 0.1085] %7.67;0.1616 ! 0.1064 §/99.98 0-156137 %26
4308 0.11491101.34 0.1640] 0.1125§101.240 0,1634 - 0.11033101.15]0.1633 ] 0.1032 1101.08 016307 433
%40 0.151867) 10285 U.1636] 0.11541102.73] 0,1653 011213102.64]0:2649 1:0.1099 JL0R.35, G.18645 ’%éﬁ

450 0.1185) 104.3G 041673 0.1162)104.21] 0.1669] 0.1139§108.12 0.16861 0.1117 104204 0.1863] 430




YEREON-13B1" . SUPERHEATE

 VAPOR

Vavolue In eu Jefib; - Hzemhalpy In Emlﬁé} S=eniropy in Biul(b)EE)  (wmnnetion gwéfﬂfga In pgrenibezes)

ABSGLUTE PRESSURE, ib/sq In

e L 6D .7 . e 390
HREP | 2453 wuig (150.139F,) | 555,3 nalg 5653 palg -$75.3 pat Ve
i d Y 0l s 1 v Y. Y H i
(0.0322) }(52,47) I0.0956) | (0.0302) - - - o
160 00415} 56.99 0.1030] 04,0393 0.,0370 0.0355 1 55,068 0.0989} 140
1700 0.0467] 59.60{ 0.1072] 0.0848 040430 0.0411 | 5827} (. 20ss] 170
160} 0.0%07; 6177 0.1006] 0.05890 00473 0404537 | 50.66]0.1084] 180
190} 0.0542] £3.734 0.1136] 0.0%26 0:0510 0,0493 [ 62.79] 0.0 F] 190
2008 0.0574) 65.568 0.1164] G.05%8 0.05%2 D057 | 65,74 021 LAF] 200
210F  0.C604] 6734 0.1191] 0.0587 0.0872 0.0556 ] 66297100175} 230
326& Q.063L] 69,000 0.1216] 0.081%8 0.6599 0.0584 { 6e.32] 012010 220
2300 0.0¢57] 70,64 0.1240] 0.0841 D.062% 0.0610 | 70.02}0.1225] 230
240; £.0402] 72.2% 0.1263] 0.0860 00650 Uo0635 | 1167} 0.124%] 240
2501 0.0706] 73,84 0.128%] 0.0690 D074 D.0659 | 73.30]0.12721 250
260; 0.0729) 75.4} 0.1307} 0.0713 00697 G-068% 1 74.87] 0.1295]) 249
270; 0,0752] 76.94 0.1329} 0.0735 0.0719 0.0706 1 76,47} G.1316] 270
2800 0.0774] 78.49 0.1350] 0.0757 i 06.0725 | 76.03{ 0.1328) 280
293 «0795) 80,02 0.1370} 0.0778 Q.0162 0.0746 | 79.58] 0.1358] 250
300; 0.0B1&6] B1.54 0.1390] 0.0799 0.0782 D.06766 ] 61.12]0.1379) 300
3107 0.0837] 63.0% 0.1410] 0.0819 0.0802 0.0786 | 82,651 0.5399] 3310
3201 0.0B57] 84,54 0.1429] 0.0839 40,0822 0.0806 { 86.x7] 0,148} 320
330f 0.0871] 86.068 0.1449] 0.08%9 0.0842 0,0825 § 85.58} 0.1628] 230
3401 0,0896] 07.54 0.1467) 0.0878 C.0861 0.086% | 87.19] 0.1557) 340G
350 0.0915f 89.0% 0.1486] 0,0897 0.0879 0.0852 | 868.70] 014761 356
IA0] 0.0938) 90.%4 0.1508] 0.0918 0.0898 0.088) | 90.23] 0.14%8] 360
2701 0.0993] 92,04 0.1522] 0.0934 0.9916 0.0899 } 91.71}0.1542) 310
3800 0.0971] 93.53 0.1540] 0.09%52 0.0934 0.0917 | 33.21} 0.1530} 300
3900 0.0990] 95.02% G.15%8] 00,0970 0.0952 0.0935 1 94,731 0,.1548] 390
4008 0:1008] 96.50 0,1575] ©.0988 0,0%70 2.0952 | 96.21] 0.1565] 400
4101 0.1024) 97.99 0.1592] 0.1006 00987 0.0969 | 97.70] 0.13583} 210
4207 0.1043] 99.48 0.1610] 0.1023 0.1004 0.0985 § 99.20] 0.1600] %20
4301 0.1061) 100,97 0.1628] 0.1041 0.1021 0.1003 [100.70{ G.1617] 430
4408 0.1078} 102,44 041643 0.1058 J.1030 0.1020 J102.15} 0.1436) 440
4501 0.1095]102.9% 0.1659] 0.1075 0,1055 0.1036 [103.6%9] 0.15506] 450
460] 00,1113} 105.44 0. 1676 0.1092 0.1072 0.1053 135-18§9o1666 £5)
500
TERGP. £85,3 psi TERP.
F Y H S Y v \ i 5 -F
160] 0.0317{ 52.54{0.0970
1701 0.0393} 57/.63[0.1035
180] 0.0840 ) 7.0.26}0.1077
190 ) 0.0478 7 62.46]0.1111
200] 0,0512] 64.45}0.11461
210] 0.0542 f 66.32{0.1269
2201 D.O569 ) 68,09(0.1198
230; 0.0595; 69.8110.1221
240 0.0620 ) 71.48]0.1245
2501 0.0644] 713.11]0.1268
24601 0.0666] 74.7210.1291
270} 0.0688] 76.31j0.31312
280} 0.0710| 77.8810.133%
290f 6.0730] 79.43]0.1355%
300 00751 ] 80,97}0.1375
3104 0.0770) 82.51{0.1395
3201 0,0790] B84.06]|0.1415
330! 0.0809] B85.56]0,1434%
330] 0.0828) 87.07}0.15453
350] 0.0846] BB.58{0.3472
360] 0.0864] “0.09§0.1491
370f 0.08821 91.60§0.1509
360] 0.0900§ 93.10]10.1527
390] 050%17) 94.61}0.1545
400] 0.0936] 956.11]0.1562
410] 0.0951] 97.5110.1580
4208 0:09481 39.11}0.1597}
430} 0.09857100,50506.1614
4401 0.1001 102;1@ 01630
4501 041018 {103.60§0.1647
£607 0-10341105.1010.1463




The information contained herein is based on technical data and tests
which we believe to be reliable and is intended for use by persons having
technical skill, at their own discrziion and risk. Since conditions of use are
outside of Du Pont’s control, we can assume no liakility for results obtained
or damages incurred through the application of the data presentei,

Publication of the information in this bulletin should not be under-
stood as permission or recommendation for the use of “Freon” compounds
in violatien of any patents.
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SOLVENTS eta ;«;i!At
- FLUS COATING OR CORE FLLIX -
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SOLUBILITY I WATER

at 77°F = wt. % 0,03

LEPEARANCE AND ODOR

Colorlesg liquid - slight etherea; odor
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SECTION Vi SPILL OR LEAK PROCEDURES

$1LFS 10 of uun thCAY sATIRIAL IS Hl\th‘oli OH SFILED
tilate area--especial Tow places where heavy vapor

ﬁwmightﬂgﬂllggﬁémwﬂgmgxgmgngn fiames.
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SECTION VI SPECIAL PROTECTICN INFORMATION

RESPIRATONY PROTECHION (Specify hl-r)
lise air mask_in_concentrations above 107 by wolume,

LOL AL ErhALIST LPELiAL
VERTILATION Eﬁen large amounts are released ’

BAECSANIC s. {leperal) JVHES
Spec low places N

"lbien handiing nquid | iR Handling 11quid

OinEn aﬁmlcwﬂ EQUIPMING

SECTION IX SPECIAL PRECAUTIONS

218 eunows ¥ i ea !AlH N HANDUING AND STCOHING

;8. dn._a clean, dry area. i)o'n_o't heat above 125°F.

O10L8 PRECAUTIONS

For further infamatloﬁ, see latest edit. »n of Halon Eui.‘;eﬁiﬁ:gz’éf




Attachment 7

SECTION 1
MAHUFAL TURER'S NAME EMERGENLCY TELEPHONE .45
£, T, DuPont de Nemours and Company , ] (302) 7762421
AQDHEW h mber, Streer, Cuy, Stetg, and ZIP Codel
Frecn® Products Divigion, Wilmington, Dalaware 19898
CHEMIC AL NAME AND SYNDNYMS TRADE HAME AHD EVHGHYM: )
Bromotrifluoromethane ~ Freon® 13B1; Halon 13’31
CHEMIC AL FARILY FORMULA
Halogenateé Hvdrocaxbon CBrF
SECTION H HAZARBOUS !HGREB!E!‘%TS
PAINTS, PRESERVATIVES, & SOLVENTS | % | JLY, ALLOYS AKD HETALLIC COATINGS % | JLY
) ) ) ; ) . {Uniis)
PIGMENTS - BASE METAL -
CATALYST ALLOYS e
VEHICLE FAETALLIC COATINGS o
SOLVENTS FILLER METAL
- PLUS CDAT!NG 08 CORE FLUX =
ADDITIVES - OTHERS - .
OTHERS
HAZARDOUS MIXTURES OF GTHER LIQUIDS, SOLIDS, OR GASES % (;‘g:i,
SECTION lil PHYSICAL DATA
BOILING POINT F.) SPECIFIC GRAVITY (K05 1)
~71.95 " At 77°F /1 11.538
POR PRESSURE | Ho.} PERCENT VOLATILE
VAPOR PRESSURE ™m0 at T7°F 12,152 | o vorume tal 100
VAPOR DENSITY {AIRT Y] £VAPORATION RATE 4
at B.P. g/l 8.71 | =) Rapid
SOLUBILITY IN WATER
77°F - wit. % 0,03 ,
APPEARANCE ANO °°°” Colorless liquid - slight ethereal cdor
SECTION IV FIRE AND EXPLOSION HAZARD DATA ,
FLASH POINT tMethod used) FLAMMASLE LIMITS tel [$23]
Nonflammable '
EXTINGUISHING MEDIA
SPECIAL FIRE FIGHTING PROCEDURES
UNUSUAL FIRE AND EXPLOSION HAZARDS

The data in this Material $afeiy Data S“:eet relates nniy to the spec;!ﬁf* maieﬂai éeszgnaieé ﬁerexﬁ ﬁm‘i éﬁ»s ?%G‘ir

NOTICE FF@M ﬁil} P@?\:T

relate to use in combination wﬁh any giher mater:gf or. m gng ?f@!"éb;, L




SE‘QTK)N ‘s! HEAL‘TH H&ZAR& ﬁ&’i’ﬁx

THMRESHOLD LIk VALUE

3090 pom

5 4 @ :  '7
{IFLCT8 OF QUEREXPOSURE Ligni: :%% dness % giddiﬁ Y h@lﬁ?éia%cgv vcﬁume

1’:03%‘%%}1? c:ardiac‘* HLT 294 fmca;zrgi ong_o
and higher e '

EMENGERCY AND FIBST AID FACCEDURES

Tphalation: . I Reméve to i':ri:aqh air, call_a physician, Do

not glve epinephrine or s:imi} ar ﬁxug&

Skin oxr Eve Contact: Fjugh with water.

SFCTIDN Vi REACTIV!TY DATA

. A R ' ONBHT as 10 AVO
STABILITY UNSTABLE 64 {,eﬁ 3or19cact with open fl‘ame;;. or
STADLE t&mperatures >1000°F
N GMPATABILIT (M l id) 1, C W A e
INGOMPATABILITY (Matetia gﬁf‘oavai -fpgwéerean}i? t it}éésf.lk{z]i and alkaline earth
TAZARDOUS DECOMPOSITION PRODUCTS  Hydro e e
, bromine., BGE%%@T fl‘f“’ﬁ%i%q ,haggiiéogen bromide, free

HAZARDOUS MAY OCCUR COMDITIONS T0 AVOID
rA . *

POLYMERIZATION

WwiLL NOT OCCUR X

SECTION VI  SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL 1S RELEASED OR SPILLED
Ventilate area--especially low places where heavy vapor

__might collect. Remove open flames.

‘WASTE DISPOSAL METHOD

SECTION VIl SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION (Specify type), .
Use oy mask in_concentrations above 10% by volume.

LOCAL EXHAULST SPECIAL
VENTILATION When large amounts are released
MECHANICAL irneral} OTHER
gpecially in l1ow places |
PRO TIVE OVE EYE YECTION - - »
When handling liquid {ihes Handling liquid

OTHER PHOTECTIVE EQUIPMENT

SECTION IX SPECIAL PRECAUT%ONS

PRECAUT!ONSTOBE TAKEN N HANDLGNG AND STOR'NG - ' o
Srore containers in a clean, drv area. Do not heat above 125°F,

DTHER PRECAUTIONS

For further 1nformat1@ﬂ, see Freont Bulletins Sé35£§'3 B-%;Z?C;

~ Revised 8-15-79




TOXICITY REVIEW
HALON 1301
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HASKELL LABORATORY

LIMLTED DISTRIBUTION

This waview roflects the availablo toxicity
literature, both published and unpublished. Studies
have not been aveluatod for sciontific morit.

Common Names: Halon 1301

Chomical Name: Mothane, bromotrifluoro-
Synonyngs  Freon® 13Bl, PC-13B1

ﬂ%@ Hoglatry No.s 75m63=8

@ Chenlcal Structures:
r
——
o ;

Phygical and Chemical Propertios:

@ Dascription: C-.iorless gas
Molecular Weight: 148.9
Bolling Point: =57,8°C @ 760 mm Hg
Melting Point: ~168°C
Density/Specific Gravity:s 1.57 ¢e (liquid at 70°F)
_ Vagor %éegsure: Y 56.5 ggig q O%F/ﬂlg%%
& 199 psig @ 70°r / 3(°C
300 psig @ 100°F /=2 °c
FPlash Point/Flammability: Nonflammable o
Solubility: 300 ppm in water @ 77°F /o5’
Converxsion Factors: l mg/L = l64 PPMy
° l ppm = 6.1 mg/m

Exposure Standards:

TLV® = 1000 ppm; STEL = 1200 ppm (l).
) OSHA 8«bour TWA = 1000 ppm (2}.
@ Sec Related Reference 52 for additional information.

DOT Classiﬁigatioﬂ:

?ggfé&mm&ble gass DOT shipping name mgﬁcbr@métxiﬁlaéxgmggﬁaéa 13 

ele




EBA RCRA Status

~ Nono,

BDA Btatuas

Nona,

I8CA Inventorys

Yas.,

A.  Acuta
l. OQral
® Not applicable,
2, 8kin and EByes

@ Liquid Halon 1301 may frecze the skin (frostbite) on

contact,

Such contact should be avoided by wearing

protective clothing and eye protection (3),

3. Inhalation

a) Animal Studics

Concantration

Duration of Animal Rofer-
(Lpm) Lxposure Species Bffact(s) ence
850,000 2 hours  Mice Lethal 4
Guineca pigs
832,000 15 minutes Rats Lathal 5
800,000 4 hours Rats 3/70 deaths 40
800,000 2 hours Rats No deaths 4
Rabbits Toxic effects:
Mice : drowsiness,
' 7 “tramiors 3
Guinea pigs atagia and

convulsions




Concantration Duration of

Rabbhits -

: : évﬁim%l - Rﬁﬁg e
o Appmy JExposure ,_Sgggiag Bffeck(s) ence
800,600 30 minutes  Rats, Mice Lethal 10
770,600 1 hour Rats Ho doaths 6
600,000 2 hours Mice, Rats, Mo deaths 4
Guinea Piga, Hypoactivity
Rabbits Slow and deep
regplration
560,000 1 hour Rats No deaths 6
500,000 2 hours Rats, Mice, Slight initial 4
Guinea Pigs, CN8, depression
Rabbits Rormal bhshavior
thereafter
500,000 26 minutes Rats Drowsiness 7
400,000 2 hours Mice, Rats, No cffect 4
Guinea Pigs,
Rabbits
370,000 7 hours Cats Lethal (l/1) 8
Guinea Pigs  Lethal (6/6)
Mice Surwvived
Rats Survived
Rabbits Survived
370,000 7 hours Guinea Pigs No deaths 11
360,000 3.5 hours Cats Survived 8
' Guineca Pigs  Lethal (5/6)
Mice Survived
Rats Survived
Rabbits Survived
360,000 l.33 hours Cats Survived g
Guinea Pige Survived
Mice Survived
Rats Survived
Rabbits Survived
300,000 2 hours Mice, Rats No effect 4
Guinea Pigs




Concentration

 §uxa§ién of

CAnimal

7 ' , Rofor=
Appm) _Bxponurg _Bpocies Bffact(s) .ence
300,000 40 minutos Rats Ho effoct 40
Pathology
normal
200,000 2 hours Monkoys Glagsy oyes (1/2) 40
Rabbits Restlossnaesg (4/4)
Gulnoa Pigs Lacrimation (1/6)
Ratg Regtlessgness (10/10)
Normal recovery
200,000 2 hours Guinea Pigs No effect 9
Hormal Pathology
200,000 2 hours Rats No effects 40
Normal Pathology
180,000 7 hours Rabbits Lethal (1/4) 8
Cats Burvived
Mice Survived
Rats Survived
Guinea Pigs  SBurvived
150,000 2 hours Monkeys Glassy eyes (1/2) 40
Rabbits No effect
Guinea Pigs No cffect
Rats No effect
90,000 7 hours Cats, HMice No effect 8
Rats, Rabbits,
Guinea Pigs
46,000-50,000 2 hours Guinea Pigs No effect 9
44,000 2 hours Guinca Pigs No effect 8
24,000-28,000 2 hours Guinca Pigs No effect 9
9,000~13,000 2 hours Guinea Pigs HNo effect 9

@ Pathological examination of animals killed by Halon
1301 exposure revealed edema and hemorrhage in th@
lungs, severe pneumonitis and tracheitis and
congestion of the liver, spleen and kidneys. Mo
cellular changes weve seen in these §§§§ﬁ§ {3 -
Examination of other animals which survived Halon
1301 exposures failsé to Eav%ai @ﬁg signiizgan%
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ﬁamétalﬁg;cal;ggémiﬁatiéﬁ'sﬁ the monkeys exposed to
10 or 20% Halon 1301 failed to vevesl any
slgnificant changes (40 ), , o

Seven monkeys trained on continuous and discrete
avoldance performance tasks were oxposed to Halon
1301 concentrations ranging from 10.5 to 42%,
Significant performance decrements were obssrved in
all monkeys during 20-25% exposures. Higher
concentrations resulted in impaived performance to
the point of complete disruption of operant behavior
in some monkeys. Wo viaible slgns of CNS depression
or analgesia accompanied this loss of ability to
perform conditioned performance tasks (12).

See Related Refevrences 45, 47, 49 and 50 for more
information,

b),,Humaﬁ Exposures

Concentration

{percent)

Duration of
Exposure Effect(s) Reference

15

12

10

10

1 minute Severe dizziness and 13
marked paresthesia.
Increased heart rate
and T-wava depression
(BKG). Recovery was
rapid and complete
within 5 minutes.

1l ninute Severe dizziness and 13
mild paresthesia in
1/2 subjects. T-wave
depression and in-
creased heart rate.

1 minute No effect for the first 13
30 sccond f£ollowed by
slight dizzinesg and
paresthesia (1/2).
Heart rate increased
and T-wave was depressed
in 1/2 subjects.

3-3.5 minutes DLight hoadedness increasge- 40
: ing to near unconscious=
ness., S8light disturb- -
ance testa (balance and
reaction time}. HNo BREG :
changes wore cbseorved.




10

7

20 minuktes

2 minutes

3 minutes

3 minutes

3-3.5 minutes

3 minutes

3=3:.5 minutes

20 minutes

L
By

Euphorila (2/6) 14
Light-headednoess (3/6)
Paregthesia (1/6)

Tinnitus (1/6)

8light to moderata oye/
nosa irrvitation (2/6)

Pulmonary discomfort (2/6)

After 1 minute of oxpossre 13
dizziness was folt whiuoh
ineroased in intensity.
Increased heart zats; no

EKG changes,

Exposure was during flight 16
at 5;090“20;096 fact,

Ho adverse subjective
biomedical or EKG effacts
waere reported,

Dizziness, faintness and 15
drowainess (6/8). Dif-
forent altitudes had no
effect on subjective
symptoms. HNo compound-
related EKG changss.

Light-headedness. No 40
EKG changes.,

S8light paresthesia, 13
dizziness. No EKG

changes. Increased

heart rate.

No effects observed. 40
EKGs normal.
Buphoria (2/4) 14

Light headedness (2/4)
Pressure in the ears
(1/4) or in the
head (1/4)
Slight eye and nose
irritation (1/4)
S8light pulmonary
diascomfort (1/4)




4 3 minutes - Dizziness, faintnoss 18
' ' and drowsiness (3/8),
Changes in altitude had
no effect on symptons,
Ho conmpounderalatad BHG
changes,

, 4 3 minutes Bxposure wag during 16
D £light at 5,000-20,000

feet., No adverse

subjective biomedical

or BKG effects were
roported.

& 3 3-3.5 minutes No effects cobserved., 40
BKGs normal.

1 3=3.5 minutes HNo effects observed 40
EKGe normal.

@ ® Ten volunteers waere exposed to inhalation of CBrEz
from an anesthesia machine. These experiments '
consisted of a series of relatively short exposures
to different concentrations of CBrF.,. Heart rate,
bleod pressure and electrocardiographic tracings
were monitored. Cardiac arrhythmias were not

] cbserved to develop during exposure of 5 subjects
for a total of 10 to 17 minutes to 4-6.7% nor during
the additional exposures of 5 subjects to 7-9%9.6% fov
5 to 7 minutes. These subjects reported reactions
including dizziness, tingling of extremities,
light-headedness and a fear of imminent loss of

& consciousness. Five subjects were exposed to
8,2-15.7% for total exposure times of 10-31 minutes.
Only one of these subjects developed a serious
cardiac arrhythmia. The subjective sensations which
weyxe reported to have developed during these serial
exposures to CBrFB were on the central nervousg

@ system. These sefisations ranged from an increased
awarencess of sound, visual disturbances (e.qg.
flashing before eyes), tingling of extremeties and
numbness of body to the sensation of the room
rocking back and forth or spinning, drowsiness, and
the fear of impending unconsciousness (14).

® Three voluntecrs, one visually handicapped, wore
oxposed to 0.1, 4.3, 4.5 and 7.1% of Halon 1301 for
up to 30 minutes, The subjects® health and feelings

| were monitored before, duving, and up to 2 hours

| after exposure. Included hefore each exposure vere

. ?,:j =



a complete physiesl ezamination (blood praessure,
body temperature, electrocardiogram (ECG], pulmonary
function, urinalysis, c¢linical bBloed chemistry &
aymptonsg) and mood evaluation, During and after
aach exposure, the subjects performed various tasks
to measure effocts of ewposure on aya=hand
coordination, short-term memory, reaction time,
depth percecption, balance, ability to walk on a
treadmill, write, and speak. Finally, spontanecus
elactroencephalograme (BEGs) woere made immoadiataly
after oxposure on cach subject, At 0.1% Halon 1301,
no significant deviations from normal were deteated
in any of the subjects. At 4.3 and 4.5%, subjects
erperienced sensations of light-headedness,

] dizziness, and euphoria 2 minutes into exposure., At
9 minutes into exposure at 4.5%, only the visually
handicapped subject showed signs of imparied
balance; at 30 minutes after exposure, his responge
was normal. A second subject showed mild impairment
in balance at 30 minutes. &t 7.1%, one subject

@ showed mild changes in tests of balance during
exposure, while the visually handicsped subject
performed unsatisfactorily in the balance and
eye~hand coordination tests. Sensations of
light~headedness, dizzinecss, and euphoria alsgo were
noted, persisting up to 60 minutes after esposurae.

L] Analysis of ECG tracings did not show any
abnormalities caused by the exposures. One of the
subjects showed slight changes in brain wave
activity (EEG) at 7.1%, with a pattern
representative of slight anesthesia. All untoward
physiclogical and subjective rosponses were
raversible shortly after exposure. Results of the
other health tests were within normal limits (40 )

; B. Extended Inhalation Studies

@ A single cat survived two 7-hour exposures to 18%
=] Halon 1301. Guinea pigs exposed to the same
concentration died after 2 exposures as did 1/4
rabbits. All of the 10 rats and 10 mice similarly
exposed survived. Five 7-hour exposures to 8.72%
killed 4/6 guinea pigs. Mice, rats, cats ang
, rabbits were not killed except for 2 natural deaths.
) Five 7-hour exposures to 4.44% was rosponsible for
the death of 1/190 mice, but no other deaths were
attributable to the Halon 1301 exposure. Dogs
exposed to either 9 or 18% for 7 hours on each of 2
- consecutive days developed no signs of intoxication.
Acute hemorrhagic pneumonitis and degeneration of
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the liver and kidnays vere found among animals that
died as the result of exposure (8).

Exposure of groups of 3 rats, 3 guinca pigs, 1 dog
and 3 ¢ats to 20-60%¢ Halon 1301 for up to 70 hours
did not produce symptoms of toxicity (17).

A group of 20 rats and 20 guinca pigs was expoased to
5.1% Halon 1301 sgﬁtinuausfy for 10 davs, HNo toxic
effects or pathologic or histopathologle changes
vwere observed. Homatologic determinations also
£alled to reveal any adverse compound-related
changeg (6).

A group of 20 mice, 10 rats and 10 guinea pigs was
axposad to 50% of Halon 1301 in air, 2 hours daily
fgf 15 days. No significant cffects were obscrved

Rats were exposed to 5% of Halon 1301, 23 hours
daily for 30 days. 8tudies of blood 4id not reveal
any accumulation of Halon 1301, There was no
elevation in the rate of excretion of fluoride ion
%n tge(gr%ne. No gross pathological changes were

o un T8 I

Rats and dogs were exposed to 2.3% of Halon 1301 in
alr for 6 hours daily, 5 days per week for up to 18
weeks, At no time did the animals show any signs of
intoxication. Upon autopsy the animals showed no
evidence of pulmonary edema or necrosis as had bean
seen in acute lethal studies. There was a moderate
diffuse congestion of the entire respiratory tract
but no other significant changes. All cother organs
appeared normal (19).

Halon 1301 Blood Levels

@

Beagle dogs with cannulas surgically implanted in
the common carctid artery and external jugular vein
were exposed to 5%, 7.5%, and 10% Halon 1301 for &0
minutes. Blocod samples were withdrawn froem the
cannulas before, during, and after exposure and
analyzed for the Halon 1301 concentration. Blood
levels of Halon 1301 increased rapidly during the
£irst ten minutes of exposure, plateaued within
twenty minutes, and declined rapidly after euposure.
The mezn blood conceptrations at equilibrium were
directly proportional to inspirved levels: at an -
inspired concentration of 5% -~ avterial 19,2 ug/mi,
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vanous 1l4.6 ug/mlL; at an inspired dongentration of
7.5% ~ axterial 30.6 ug/mL, venous 26,4 ug; and at
an insplred concentvation of 10% - arterial 40G.2
ug/ml, venous 32,1 ug/mb. During exposure arterial
concentration was greater than ver.og goneentrabtion,
but aftor exposure the venous conco.utration slightly
excoeded the artevial concentratic 1(4C , 41},

Ancsthotized rats were oxpnsed to 5% of Halon 1301
for 30 minutes and blood levels of Halon 1301
determined. The following blood levels wers found
at the indicated post-exposure times:

Time ~ Lesvel
0 5.6 ug/y
15 ninutes 0.62 ug/g
i hour 0.35 ug/g
2 hour 0.05 ug/y
4 hour 8.07 ug/g (18)

Groups of 15 rats were exposod for 1~5 minutes to .
70% Halon 1301. Rats were removed at variocus times
for collection of brain tissue, heart and
intracardiac blood samples. During the first
minutes of exposure, the Halon 1301 concentration in
the brain and heart rose vapidly. Following the end
of exposure, the concentrations in brain and hesrt
fell rapidly. The Halon 1301 concentrations in the
samples of intracardiac blood were similar to those
of the hearts obtained at the corresponding time
intervals (20).

Cardiac Studies

a)

Cardiac Arrhythmias

®

It has been known for some time that inhalation of
vapors from certain organic materials, which ineludg
such compounds as carbon tetrachloride and gasoline, |
can make the heart muscle abnormally reactive to i
elevated adrenalin lovels with resulting cardiac I
arrhythmias. These arrhythmias are frequently [
ventricular in origin and may result in sudden

death. This phenomenon is commonly referrved to as
cardiac sensitization. 8ince Halon 1301 is ussd as
a fire extinguishing agent and five iz a Rt
life=threatening emergency which can be expected to e
resulL in high cirvculating levels of adrenzlin in 0
persons attempting to extinguish the fire or those
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whose osoape may be blocked, several investigators
have studied the effecks of adrenalin plus Halon
130) egposure on the cardiovascular system.

EC50% (dogs) = 200,000 ppm (23)..

o ' Davelopment of spontansous gardlac arrhythmias were
not obsgeyved in the clectrocardiographic tracings
obtained during exposurg of 1 dog to 1G% (100,000
ppm) CBrF4 for 20 minutes, exposure of 4 dogs to 20%
(200,000 ppm) for 15 minutes, and exposure of 5 doga
to 30% (300,000 ppm) for 15 minutes. Salivation and
whole body trembling occurred during exposures to
30% and to a lesser extent during exposures to 20%.
Weakness and inability to stand was reported only
for those dogs exposed to 20%. Recovery following
exposure to 30% occurred within 1-2 minutes after
exposure was aended. The author does not report
whether the CBrF. wans nixed with air or with oxygen.
Cardiac sensitization vo intravencusly .njected
epinephrine during S-minute exposures to 10% or to
20% CBrF., was evidenced by increases in the number
of ectopic beats in 2/2 exposed to 1l0% and in 1l/2
exposed to 20% and by ventricular tachycardia in 1/2
exposed to 20% (13).

@ Dogs werc exposed to 5, 7.5 and 10% of Halon 1301
for 30-60 minutes. The test animals received an
injection of epinephrine both before and after the
exposure. None of the dogs expoeed to 5.0%
developed cardiac arrhythmias. Two of 12 dogs
exposed to 7.5% showed a marked response after a
30-minute exposure. Following a 30-minute exposure
to 10% Halon 1301 there was one definite and one
questionable response in 12 dogs (40 ).

e & dog was exposed to 10% Halon 130l for a few
minutes following an injection of epinephrine. A
challenge injection foliowed the exposure. Some
effect on the heart yas seen (40 ).

@ Halon 130) did not cause cardiac sensitization of
the beagle heart below a concentration of 10% in alr
(40 ). Further experimentation showed that the
ménimum sffect level is closer to 7.5% than 10%

{40 ).

¥"EC50 1s the concentration causing cardiac arrhythmizs in 50%
of the animals. Exposure was for 5 minutes followed by an
exogenous dose of epinephrine. :
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@ Groups of 8 doys were ezposed to 10, 20 Gr 40% Halon
1301 in air. Exposure times weve 15, 27 and 55
minutes, vespectively. During exposure the chambers
wera darkened and the dogs subject for 5 minutes to
fright-inducing stimuli, Those dogs axposed to 10%
Halon 1301 demonstrated incressed aiertness, those
cxposed to 20% developed tremors without increased
alertness and those exposed to 40% howled, salivated
and developed dyspnea and tremors (14).

® Spontaneous cardiac arrhythmiasg daveloped within 1-3
minutes of exposure to 40% Halon 1301, Avrhythmiasg
could be produced in those anin \lg not developing
gpontancous arrhythmias oy the intravenous injection
of a pressor dose of epinephrine, Larger doses
caused ventricular fibrillation with cardiac arrest
in dogs and, commonly, spontansous defibrillation in
nonkeyg {(21).

@ Anesthetized guinea pigs, cats and dogs were exposcd
to 20% Halon 130l. This exposure increased the
arrhythmogenic effect of i.v. intusion of
epinephrine (24).

@ Five anesthetized monkeys were exposed,
successively, for 10 minutes each, to 10-80% Halon
1301. spontaneous ventricular arrhythmiag developed
during the first 5 minutes of expogure to 30% and
higher. Cardiac arrhythmias spontaneously appearing
in monkeys exposed to CBrF. required a minimal blood
pressure threshold for thegr preduction. The blood
presaure threshold varied as an inverse function of
the log of the CBrF., coancentration to which monhkeys
in acid~base balancé were exposed. Acidosis
dacreased the threshold and alkalosig increased the
threshold at concentrations of 10 and 20% CB:F3 but
were without effect at 30% or greater -
concentrations. Epinephrine decreased the blacd
pressure threshold required to trigger arrhythmias
but was not necessary for their production as it is
in the case of cyclopropane (25).

e No significant difference in the percentage of
marked responses was seen vher dogs with mycecardial
> infractions were used instead of healthly dogs (40
42).




Groups of rats were exposed to one of the following
conditionss .

1) 5imu%ateé altitude with added Halon 1301 (27
rata)i

2) simulated altitude without Halon 1301 (9 vats):

3) simulated altitude with added Halon 1301 and
injected epinephrine (27 rats);

4) simulated altitude without Yalon 1301 but with
injected epinephrine (% rats).

No rats died during any chamber exposure. Three
animals developed cardiag arrhythmias during
inhalation of Halon 1301. One rat breathing 24
percent Halon 1301 at a simulated altitude of 5,000
feet, and one exposed to 16 percent CBrF. at 389 nm-
Hg, developed premature atrial contractidns about
one minute after the Halon 1301 was admitted to the
chamber. Indications of bundle branch blocks
appeared as the exposure continued. In both cases,
these changes disappeared when the CBrF,-air mixture
was replaced with room air during the cﬁamber
descents. Premature atrial contractions were also
noted in the electrocardiogram of one rat breathing
24 percent Halen 1301 at 632 mm Hg. This animal had
received an epinephrine injection before the
exposure, Normal EKG tracings reappeared when the
rat was returned to ambient conditions. No cther
prolonged cardiac arrhythmias were noted on the
electrocardiograms from any other rats.

Histological examination of the lungs from rats
sacrificed immediately after exposure showed no
pathologic changes which could be directly related
to breathing Halon 1301 or exposure to hypobaric
conditions. In this experiment epinephrine was
administered intramuscularly to rats rather than the
usual intravenous route. The use of i.m. _
administration would be expected to produce much
lower blood levels of epinephrine than i,v.
injection, The observation of only 1/27 premature
atrial contractions after exposure to V4% Halon 130}
at 632 mm Hg may reflect the low dose eof epi.- “hrine
rather than any speciesgs different (22). '

Rats were subjected to 79% Halon 1301 plu: 21%
oxygen and challenged with subtoxic dosee of
epinephrine. CNS effects were the major
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observations in rats, 17/20 showed resgpiratory
arrest within 40 minutes and several exhibited
erratic convulsive behavior prior to oxhibiting
raaplratory difficulties (26),

h) Heart Rate And Blood Pressure

@

&

Inhalation of 80% Halon 1301 caused blood pressure
falle in many cases and a marked elavated diastollc
presaure in rhesus monkeys. Inhalation of 70
percent Halon 1301 triggerdd cardiac arrhythmias,
These arrhythmias were dependent on the maintenance
of a minimum blood pressure. Halon 1301 (80%)
inbalation in dogs which had undergone a left lumbar
sympathectomy cauvsed a large increase in right
femoral artery blood flow. Concurrently, mean
arterial blood pressure, peak systolic blood
pressure fell while left vontricular and diastolic
praegsure rose (27).

Dogs were exposed to 50 and 75% Halon 1301 for
l0-minute periods. Recordings were made and
arterial and coronary sinus blood samples were
obtained hefore, during and after the exgcsuzesg A
small decrease in the wvigor of myocardia
contraction, decreases in vasoconsgtrictor tone and
mean arterial blood pr:ssure, an increase in aortic
blood flow, an increase in myocardial lactate
utilization and a decvease in myocardial oxygen
consumption were observed as functions of the Halon
1301 concentration. Conclusions were than under the
conditions of this experiment (1), a decrease in
pressure-volume work done by the left ventricular
myocardium during Halon 1301 exposure resulted in a
decrease in myocardial oxygen consumption; (2)
myocardial metabolism wae little affected; and {2)
decreased peripheral vascular flow resistance was
accompanied by increased cardiac output (28).

To investigate the effect of Halon 1301 on blood
pressure 10 anesthetized dogs were exposed to air or
70% Halon 1301 for 50 minutes. The blood pregsure
of the treated dogs was significantly lower than
pre- and postexposure levels and also lower than for
alr treated controls. HNo significant diffierences
were seen for cardiac output. Heart rate was
significantly iower (29).

Halon 1301 was administered to dogs and the
following pazametars'rggcrdeéx pulmonary
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‘yesigtance, pulmonary compliange, respiratory minute
yolume, heart rato and aortic blood pressurg. Halon

1301 was shown to produce an increase in pulmonary
rasistance a decrease in compliance an increase in
respiratory minute volume, very little effect on
heart rate oven at concentrations up to 20%, and a
mild hypertensive effect (4% incroase at 20%
concentration). Heart-lung experiments in
surgically prepared dogs showed little change in
myocardial contraction even at high concantrations.
Experiments with rats showed Halon 1301 capable of
producing apnea with atrioventricular conduction
blocks occurring during this period of apnea. Halon
1301 also produced a rise in pulmonary reglstance
and fall in compliance as it did in the dog
experiments (40 ).

Exposure of dogs and monkeys to 10-80% of Halon 1301
caused cardiovascular and CNS effects which
increased in severity with increasing concentration.
An initial fall in blood pressure of 10-20 mm Hg at
the lower concentrations and 40-60 mm Hg at the
higher concentrations was obgerved. Epileptiform
convulsions were seen in about 50% of the dogs
exposed to 50-80% Halon 1301 while conscious,
Conscious monkeys, on the other hand, became
lethargic, and no convulsions were seen (21).

The mechanism of the decrease in mean arterial bleood
pressure in the dog during Halon 1301 exposure vwas a
decreasc vasomotor tone resulting from ganglionic
blockade. No direct vascular wmooth muscle effect

of CBrF. was observed., When arterial blood from ongc

dog was perfused through the hind leg at constant
flow rate through a hind limb of another d4og.,
exposure of the donor to 67-70% CBrF., was
accompanied by a reversible decrease in the donor's
mean arterial blood pressure, but the perfusion
pressure was unalterxed (30).

When anesthetized dogs were exposed to Halon 1301
the animals myocardial contractility decreased
inversely with the concentration of Halon 1301 (31).

Halon 1301 significantly decreased total peripheral
resistance and myocardial contractility in
anesthetized open=-chested dogs and monkeys resulting
in a reversible hypotension during exposure (32)-




Ggaugsréﬁrﬂog§ were axpoged to 27-75% Halon 1301 in
ogyden or 27-75% mixture of Q& and N,. Exposure to
r

Halon 1301 may result in distdrbancef of myocardial
energy metabolism that ave connected to myocardial
peviormance. The exposure vesulted in a progresamive
rise of plasma glucose concentrations that persisted
for at least 30 minutes pogt exposure (33).

Exposure of dogs to 27, 51 or 75% Halon 1301
produced no myocardial tissue hypoxia, slight
metabolic acidosis, normal pyruvate, lactate, and
coronary sinus blood glucose, decreased mean
arterial blood pressure and myocardial contraction
strength and elevated arterial blood glucose (34).

Twelve anesthetized cats ware subjected under
hyperbarbic conditions to 5-minute inhalation of 5%
Halon 1301, This exposure was associated with:

1) Cardiac arrhythmias in 10/12 cats;

2) Fall in systolic blood pressure (average
decrease «18.4 mm Hg) in 10/10 cats and a fall
in diastolic pressure (average decrease -~ 19 mm
Hg) in 9/10 cats (35).

A anesthetized cat was exposed to 803 Halon 1301 and
<d% oxygen. This exposure did not materially modify
the physiclogic equilibrium of the cat. The
following changes were observed:

e BSlight activation of respiration;

® Decreased arterial blood pressure (1 mm Hg);

® 8light decrease in oxygen consumption;

@ CNS depression (hypnotic). (4)

Anesthetized dogs and monkeys were exposed to 70 or

80% of Halon 1301 and EEGs recorded. The most

significant findings were (1) dominance of the BECs

by 6-9 Hz waves beginning 2-3 minutes after

beginning exposure to CBrF. and (2) a nearly normal
suaceptibility of the EEG gc activation by auditory L
and photic stimuli during exposure to CBrF.,. o E
Several lines of evidence were explored wh%ch o
Buggected that the central nervous systenm effects of

CBrF, may be the result of the induction of

funcéicnal changes at the rhinencephalic level (36).




- ® To detarmine if the negative inotroplic affect of
Halon 130) was accompanied by altoered myocardial
‘metabolism, urethane ancsthetized-guinea pigs were
axposed for 30 minutes and myocardial ATP, ADP, AMP
and creatine phosphate levels were determinad. A
conaentration of 75% Halon 1301, produced & 34%
decrease in contractibility, Blood levels
atabilized within 2.5 minutes, Blood prosaure and
heart rate were decreasad. High onergy phosphate
lavels were not altered in a fashion commensurate
with the theory that a block in eneryy metabolism
was responsible for the production of the induced
negative inotropic effect (43).

@ Bee Related References 46, 48 and 51 for more
information.

Co Carcinqgenic Potential

@ No evidence of a carcinogenic potential has been
found. However, the longest study conducted was an
l8-week inhalation gtudy (19),

D, Mutagenic Potential

@ Halon 1301 was tested in Salmonella typhimurium
strains TA 1535, TA 1537, Ta 1538, 1A g&'aﬁ§ TA 100
at levels up to 40%. The da8 was not mutagenic
either in the presence or abgence of a liver
microsomal system (40 )e

E. Embryvotoxic Potential

® Groups of 27 pregnant rats were exposed 6 hours a
day on days 6-15 of gestation to 962 + 57, 10,196 *
1514 or 49,505 + 4753 ppm of Halon 1301, No
compound-related clinical 8igns of toxicity or
changes in behavior were noted. The outcome of
Pregnancy, measured by the numbar of implantation
sites, resorptions and live fetuses, were not
adversely affected by the €Xposure., Exposure 4ig
not affect embryonal development as measured by
weight and crown-xrump length of the fetuszaes. Thres
fetuses were found with malformations. All three
were from dams exposed at the intermediate level,
howaver, these effects were not considered
compound-related, Under the conditions of this
test, Halon 1301 was not embryotoxic or tewvatogenic
(49 )e ) : ' P




B, Other Eepg@égpti&@ Stﬁéiﬁs

& None.

G. Aquatic

& HNohe,

aﬁrrHumaﬁ,Expgaure

@ See Section A.2.b. for details of controlled
inhalation experiments in human volunteers,

1, Epidemilogy

® No information available,

Jdo . Metabolism

¢ Gee PFelated References 5355,

K. DPyrolvsis Studies

@ Halon 1301 decomposes upon contact with flames or
hot surfaces above 1000°F, While thig action
i appears necessary for the product to function
® effectively as a fire extinguishing agent, it algo
results in the formation of several new compounds
whose properties are conslderably different from
Halon 1301, whe common decomposition products of
Halon 1301 are: HF, HBr, Br?, carbonyl halides,
consisting of carbonyl fluoride {CoF } and
> carbonyl bromide (COBr }o The quantgtiea of these
materials in the post—éxtinguishment atmospheye
dapend upon several factors, such as the 8ize of the
fire, type of fuel, enclosure size, degree of
ventilation, and rapidity of flame extinguishment.
In practical fire tests, the predominant
) decomposition products are HF and HBr. Pree bromine
and carbonyl halides have nof been detected in

significant quantities and pPost-extinguishmens
atmospheres. ,

@ ALC (1S5-minute Gxposure, ratg) = 14,000 ppm {5).

® The toxicity of Pyrolyzed Halon 130) appears to be
due to the HPF formed. The 18-minute LC30 for HP is.
2700 ppm. At the LCS0 determined for Byrolyzad.-
Halon 1301 (2300 Ppm), 2485 ppm of HP ig formed.

(37)




The passage of Halon LBQl,thggggh an Inconel tube
heated to 4829¢ gig not result in any detegtable
deconposition of the sompound, nor did the eXPOBUEG
of the animals to the affluent material rasult in
any deviation in the mortality rates seen with
undecomposad material, When the tube is heated to
593°C, some dacomposition of the compound and an
inerease in mortality was seon., The incidence of
mortality was dependent on tlig Halon 1301
concentration., Mila degraos of bnoumonities werse
found in all erposed specieg, exeopt rats, which
were exposed to 4829 fumes. Acute chamical
Pneumonitis and dageneration of the liver, kidneys
and brain were found in all speciasg exposed to fumes
generated at temperatures greater than 482°C (g),

Deaths as the result of inhalation of pyrolysis
products of Halon 1301 characteri,ticalig regulted

£rom Pulmonary hemorrhage angd edema, The l5-minute

LC50 value for PYrolyzed Halon 1301 calculated _ron

these experiments was 2300 ppm. fThe pathologic

response and delayed death patterns are similar to

those seen from HF (38)., 1

Groups of animals were exposed for 30 minutes to
atmospheres containing the PYrolysis products of
Halon 1301, None of the animals died aftey being
exposed at concentrations up to BO% of 800°C
pyrolysis products, Signs of toxicity included
dyspnea and prestration. When exposed to vapor
Products at 1000°C, all of the animals were killed
at concentrations greater than 1%. A&t 0,75%
approximately 20% of the exposed rats and 90% of the -
mice were killed., at 0.5%, none of the ratg and 50%
of the mice died {d4).

When Halon 1301 isg applied to ordinary fires guch ag
gasoline or wood, the resulting decomposition
Producte may include HF, HBr, carbonyl halides ang
in some cases free bromine in concentrationg
depending on the quantity used. When applied in
quantities of 2,3 pounds in a 720 cubic foot roonm
for durations of the order of 5 to 30 minutes Halon
1301 caused some injury to guinea Pigs, but was not
lethal (9), :

With the exception of initial exeitement, no ,

symptoms indicative of & toxic action were ohserved

during exposure of 20 nice and 40 rats to 1,078

Halon 1301 in air for 15 minutes. Very few deaths SE

occurred during gaseline £ires, howaver, ﬁh@'tf&e@%ﬁ,':r-,j

and lungs were found to be congested (39) o R
=19 .
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