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March 27, 1981

Dr. George Parris, Project Chemist
Enviro Control, Inc.

One Central Plaza

11300 Rockville Pike

Rockville, MD 20852

Dear Dr. Parris:

This is in response to a request for information on toluene diisocyanate.
The Dow Chemical Company is a member of the International Isocyanate
Institute. This Institute has provided a detailed written response to
the request published in the Federal Register of Octotar 7, 1980 (p.

66506). Dow participated in the formulation of this response and our
information has been incorporated into that document.

As additional information we are enclosing a technical bulletin pub-
lished by Dow and a copy cf our safety data sheet.

We believe that occupational exposure potential is very limited since
the process is essentially totally enclosed. This process does produce
several waste streams but these are properly destroyed by incineratiom.

The primary markets for TDI are .s an intermediate in the manufacture of
polyurethane foams, plastics and coatings. Detailed market information
and annual production data are confidential.

We hope this information will be helpful to you. 1If you have need for
additional information or have juestions tegarding this material, please
feel free to contact me, in writing.

Sincerely,

Ol

Carlos M. Bowman

Regulatory and Legislative Issues
Health and Environmental Sciences
1803 Building

msg
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,TDI, Tblylene 2,4-diisocyanate

'fhe commercial material contains
about 20% of the 2,6-isomer.
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COMIMTS s material can produce asthmatic sensitization upon either single
inhalation exposure to 2 relatively high concentration, anéd/or upon

" repeated inhalation ®xposure to lovier concentrations. Exposure tc th
vapors of TDI heated to 100°C. may produce 2death: The lethal effect

may be delayed several days. Sensitization of the skin may occur as

the result of skin contact. .




“TDI, Tolylene 2,l-diisocvapate
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m"lmmbo.mmp,w
at higher rates.) The same gen-
- eral unloading procedures used for tank

1. Tank cars to be unicaded should

Tank Car

G — 2" Top Unicading Vaive
4 — 2" Stoem Coll Outiet
1 — 2" Sieam Coll Intet

J ~ Safety Platform

Nose: On some 17/ 000 gal-
jon DOWX series cars
there is in the
dome valving conflgura-
tion. The diagram
o rove. n some
ever, in

of A (the gauging
device) and C (the 75#
safety valve) are

the brakes set sod the wheels
w"‘wbepm“ ed
by a~desail” located st least 50 feet
from the car. (Note: Be sure to
attach & signal flag to the rail to

densiling position. )

2. Verify that the proper car is being

unloaded. (Note: Carefully check
the car number against the hill of

or other appropriate docu-
ment. Also, sampie the contents to
be sure that the materials is indeed
TDL.)

. Check the temperature of the tank

car by removing the cap from the
t well (B) and Mﬂg a
¢ ter 3ppf0xingc|y 24"

for 15-20 minutes. (Note: The tem-
perature of the contents must be
above 59°F (15°C) when the car is
nnlouded.)shomd ansbe pec-
essary, remove the cover from the
magnetic gauge (A) and raisc the
gauge rod to engage the magnet
on the float. Monitor the outage to
assure that m-sion does not fill
the car “liquid full” and cause it to
“pressure relicve” through the
thy valve. (Note: The pressure
on the tank car should be carefully
1nonitored during heating. Do not
allow pressure to go beyond 39
psig. Also dry nitrogen is recom-
mended for padding. )

4. Connect the unioading line to the




unloading valve (G or D) and the
pad gas line to the vent valve or
pressure connection (E). (Note:
All TDI tank cars are equipped
with 2" removable plugs on the
unloading valves and 1” removable
plugs on the vent valves. Also,
while the safety valve on the car is
set at 75 psiz, pad gas pressure
should be regulated so as not to
exceed 40 psig. In addition, each
unloading line has an excess flow
valve whick wili close at approxi-
mately 130 gpm.) CAUTION: Any
throttling of flow should be in the
plant unloading line. Valves on the
tank car should be fully open so
that the excess flow valves can
check off in the event of a line
rupture. Storage ta.k pressure
should be carefully controlled and
monitored during the unloading
operation.

5. After the tank car is empty, unioad-
ing lines should be blown clear of
liquid and blocked in before being
disconnected. (Note: Adequate
respiratory protective equipment
should be worn when disconnect-

ing lines.)

. Before releasing, pad the tank car
with 10-40 psig of nitrogen. Dis-
play DOT approved “EMPTY”
placards and release the car for
return to DOW.

*Note: Unloading must be closely
monitored, particularly if there is no
automatic “cut off’ in the unloading
line. For example, if gas flow is allowed
to continue after unloading, the gas
flowing into the storage tank could
rapidly increase internal pressure. This
could cause serious structural damage
to the storage vessel.

NOTICE —The information and recommendz-
tions herein are, to the best of Seller’s knowlcdge,
accurate and reliable and Seller’s products mern:-
tioned are reasonsbly fit for the purposes so
recommended. However, as use conditions are
not within its control, Seller does not guarantee
results from use of such products or other infor-
mation herein. Freedom from patents of Dow or
cthers is not to be inferred.

DOW CHEMICAL US.A.
An Operating Usdt of The Dow Chemical Company
ORGANIC CHEMICALS DEPARTMENT
MIDLAND, MICHIGAN 48640
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pombleandblocklhewheels

. Check the temperature of the

contents. (Note: The tempera-
ture must be Pove 59°F (15°C)
when the trailer is unloaded.)

. Ifheating is required, attach a 25

psi steam supply to the heating
coil inlet connection. Attach a
steam trap, designed for the
steam pressure available, to the

heating coil outlet connection,

- (Note: For bettet control of the

heating process, use a steam pres-
sure of 15 ps.) Allow the con-
tents to warm until the
temperatuie is at least 68°F
{20°C). When the temperature
reaches 68°F (20°C), turn off the
steam and disconnect the lines.
(Note: To prevent the heating
coils from freezing during cold
weather, be sure to drain themor
“blow them out.” ) CAUTION:
Carefully watch the thermome-
ter during heating. Do not allow
the temperature to rise above
104°F (40°C).

Attach the unloading line. (Note:
The line should be clean, dry, and
preferably made of flexible metal
or rubber hose which can safely
withstand unloading pressures.)

Connect the dry purge gas (pref-
erably nitrogen) line to the tank

truck Note: This line should have
a pressure gauge, a safety valve
sct at 30 peig, and a pressure
regulator set at 25 psig.)

Draw off asample ofthe contents
for analysis. (Note: A sample of
the cont=nts may be obtained by
connecting stainicss steel tubing
to the sample connection. Flush
the sample connection by draw-
ing off at le~st one gallon of TDI
uto 2 clexn, dry container. The
sampic to De analyzed may now
be drawn off into another clean,
dry container of whatever size is
necessary for testing. CAUTION:
Do not breathe vapors. Wear
proper protective equipment
whencver there is any possibility
of contact with TDI liquid or
vapors.)

7a. If the contents are to be un-

loaded by purge gas pressure
alome, the storage tank should be

Tank Truck Trailer
A — %" Steam inlet
8 — 35 # Satfety Vaive and Pressure
c_w
D — % Dry air/ Nitrogen Connection
E Connection




fitted with a vent scrubber. This
will prevent TDI from being vent-
ed into the atmosphere during
unloading. (CAUTION: Do not
exceed 25 psig purge gas pres-
sure to unload the tank truck.)
Wken the tank truck is empty, the
pressure gauge will show a drop
in pressure. Close the valve at the
storage tank connection first.
Then close the truck unloading
valve.

. If the conrtents are to be un-
loaded by pump, cither a vapor
line connecting the storage tank
vent to the tank truck should he
installed (closed loop) or a low-
pressure, replenishable gas pad
must be placed on the tank truck.
(Note:Ifa gas pad is used, install a
vent scrubber on the storage
tank vent.) These precautions
will not only prevent TDI vapors
from being vented to the at-
mosphere, but will prevent a vac-
uum from being pulled on the

tank truck during unloading.
{CAUTION: Do not use a closed
loop system unless the dead air
space in the storage tank is free of
moisture; ic., —40°F (~40°C)
dew point. Also, connectior
hoses should be purged with dry
air or nitrogen pefore hookup.)
When the trailer is emptv, aliow
the unloading hcse to vent down
to the storage tank. Note. Be sure
to close the valve at the storage
tank conneciion firsi. Then close
the tank truck univading vaive.

Shut off the purge gas to the rank
truck. Close the tank tr-ck purge
gas valve and dis-on:: ~<t the
purge gas line. (Note: If 1 closed
locp system was used in conjunc-
tion with pump unloading, close
the tank truck connecrion valve
and the tank vent ,iive. Then
disconn<ct the hose connecting
the two.) Ail connection hoses
should now be cleaned, dried,
and capped for storage.

NOTICE —The information and recommenda-
tions herein are, to the best of Seller’s knowledge,
accurate and reliable and Seller’s products men-
tioned are reasopably fit for the purposes so
recommended. However, as use conditions are
not within its control, Selle : d:~5 not gh.cantee
results from use of tucl: i v 1. oz ciher infor-
mation hercin. Freedom fci: 23+ i3 0f Dow or
others is not to be inferred.

DOW CHEMICAL U.SA.
An Operating Unit of The Dow Chemical Company
ORGANIC CHEMICALS DEPARTMENT
MIDLAND, MICHIGAN 48640
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Safe Handling and Storage of VORANATE T-80 Isocyanate
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Introduction

VORANATE* T-80 Isocyanate —one
of a growing number of quality iso-
cyanate products manufactured and
marketed by The Dow Chemical
Company ——is a unique mixture of
the 2, 4 and 2, 6 1somers of toluene
diisocyanate (TDI) in a ratio, by
weight, of 80 to 20 percent. It is
available ir two acidity grades (i.e.,
Type I: low acidity; Type H: high
acidity) and is produced in accord-
ance with exacting standards of
quality and product purity.

VORANATE T-80 Isocyanate is
widely used in a variety of industrial
applications, including the produc-
tion of flexible urethane foams for
furniture, bedding, and automotive
applications. It is also widely used in
the production of semi-flexible and
rigid urethane foams, urethane
sponge carpet backing, carpet un-
derlayment, elastomers, coatings,
and adhesives.

VORANATE T-80 Isocyanate is now
available both in bulk quantities (via
tank truck or tank car) and in 55-
gallon, one-way, non-returnable
drums. (Note: Since bulk sys.2ms
and shipments are generally more
economical and significantly reduce
the possibility of product con-
tamination, they are particularly
recommended.) Regardless of the
grade or quantity ordered, how-
ever, it must be emphasized that
VORANATE T-80 Isocyanate is a po-
tentially hazardous material which
must be handled and stored only by
knowledgeable and experienced
personnel who are thoroughly fa-
miliar with the hazards associated
with its use.

It is the purpose of this booklet,
therefore, to inform the customer
fully of the hazards associated with
VORANATE T-8C Isocyanate and to
outline in detail those practices and
procedures which have been de-
veloped to assist in its safe storage
and handling. In short: “Chemicals
in any form can be safely stored,
handled or used if the physical,

chemical, and hazardous properties
are fully understood and the neces-
sary precautions, including the use
of proper safeguards and personal
protective equipment, are
observed.”t

Warning:

VORANATE T-80 Isocyanate is a po-
tentially hazardous material which
must be handled, used, and stored
with extreme care and in strict com-
pliance with the safety recommen-
dations and precautions outlined on
the product label »nd described in
this booklet. Note: The recommen-
dations contained in this booklet are
based on the results of numerous
tests and on actual experiences in
the field, and are believed to be
accurate and reliable. However,
since the specific circumstances as-
sociated with a customer’s use of
VORANATE T-80 Isocyanate are un-
known to The Dow Chemical Com-
pany and are beyond its control, it
cannot guarantee that adherence to
these recommendations will insure
absolute safety. Inquiri«- about spe-
cific operations and procedures
or about matters relating to the
safe use, handling, and storage of
VORANATE T-80 Ieocyanate may he
addressed to The Dow Chemical
Company, Organic Chemicais De-
partment, Midiand, Michigan
48640.

*Trademark of The Dow Chemical Company

TQuoted from a pubiication of the Manufacturing
Chemists Association.




Part 1

Properties,

Handling

Precautions,

and Industrial Properties
Hygiene

Table 1-—Typical Physical Properties

Values.

Tivpical propertics notte e coasiraed as apoaficatiomes
PRewlts ot sl scale tests are potmrended roorefle phehuvor bt e ciu

actnal fire condions




Table 2 —Specifi~ tions- VORANATE T-50 Isocysnate

&

— Freezes at 14°C

Aandling
Precautions

Toluene Diisocyanate (TDX)

7+, insure product qualiiy and to
»ainimrize The potential hazards asso-
ciate.' wir 1 it5 use, VORANATE T-80
rocvanaes shiould be handlea and
stonz ! Caly by knowvledgeable and
experienc=a  persc el Extreme
cars. for e¥2uiple -t be exer-
cisec .o voraexposing Jhe nroduct
W wvaie |, ii.at, cirong bac o and
cAmes oe other zctive bvidraron-
v niay compounds, all of whech
3" among the most oo nea
»2oce, of deterinrauion T g
rality ¢f Tl Yotren s 0Fre
280 L £NEFCLo. 1t Mifumize ths
hizaids oi fie w d “ccidents’ wpill -
e stre, therefore before Frnuling,
usirg, oo storing VORANATL T-80
Isoryonare, toread carefui the cec-
omrrengGations and Srocauticsss
tis: > berow

Moistare Joatrol

e aes <oMmon conram nant en-
<oant ;. and one of tae more
b~ rdous, 1s water, wiach, 5 oom
temperature, reacs teadily ~vith
TO{tn 1 rm berh a wiite, insciuble
wez conpouvl and carbon diox-
ice. This inzoiuble ur:za derivative
will be deposited cn e surfaces of
the equiprment in which it is formed.
shculd the ‘ines and crifices be-
come plugged, thus closing or re-
stricting the vessel, the liberated
caspon dio¥lie cruld present an
extiemy pressure Lazard. Tn short,
the rhcsencz of water o large
am:noats o f moisture can produce
5. “cient catbun dic .de to rupture
Ly comgirer. {Nc-.2: Even small
4: out s of water <an cause signifi-
cant .~ ulems. For example, at stan-
G eciperature and pressure, as
littlz w5 oune pound (0.454 kg) of
" anTv3a releuse asrruchas21cuft
) orurester)of T ez




¢ Do not tiginly close containers
of TD1 if the product has been,
or is suspected of having been,
contaminated with water.

To protect TDI from at-
mospheric inoisture, use a dry,
—40°F (—40°C) dew point, in-
ert gas pad. (Note: Dry air hav-
ing the same dew point may
alsc be used. However, since
TDI may be discolored by ox-
idation, nitrogen is preferred.)
Carefully clean equipment or
containers to be used for TDI;
then purge with a dry gas be-
fore using. (Note: The purge
gas, in addition to being mois-
ture-frec, must also be free of
oil and rust. Filter traps in the
gas lines are recommended for
the removal of rust particles.)
For small installaiions, man-
ifolded cylinders of dry nitro-
gen arranged into banks may be
adequate. Larger installations,
however, may call for a ritro-

gen generator, a compressed
air system, or a tie-in to existing

plant air system is used, pu-
rification equipment, such as
oil traps, a bauxite absorber to
keep oil out of the drying beds,
and an air dryer, should be
installed between the com-
pressor and the Tl system.
Also, a final filter should be
fitted just in front of the TDI
system. Stainless stcel pipe or
tubing should be used between
the filter and the system.)

Instrumentation for detecting
the failure of the drying equip-
ment for the purge gas is rec-
ommended when quantities of
TDI are handled and stored.
(Note: Moisture-detecting in-
struments may be obtained
from many of the manufac-

turers and suppliers listed on
page 29.)
When lines leading to and from
tanks are not in use,
they shonid be tightly plugged
or capped. This will prevent
moisture from coming in con-
tact with residual TDI left in
the lines. Also, all flexible con-
nection lines should be rinsed
with methylene chloride, or
other suitable solvent.* These
fittings should be dried and

stored in a dry place. (Note: a2

plastic bag containing a desic-
cant, such as silica gel, makes a
convenient, portable dry place
foi storing such items.)

Temperature Control

Ideally, VORANATE T-80 Isocyanate
should be stored at temperatures
between 65°F (18°C) and 105°F
(40°C). Tt.is may be accomplished
by equipp: 1g the storage tank with
either a heat exchanger installed in
the storage tank recycle line or an
external piate coil mounted on the
outside of the tank In addition, stor-
27e tanks should be insulated or
otherwise protected from ambient
weather conditions.

Read and follow carefully each
of the safety recommendations
and precautions iisied below:

® Before using VORANATE T-80
Isocyanate stored in storage
tanks or drums, warm, thor-
oughly mix, and inspect the
contents to be sure that no
solids are present. (Warning:
Avoid inhalation of vapors
formed when VORANATE T-80
Isocyanate is heated.)

If a storage tank is to be
equipped with an external
plate coil, be sure it is mounted
on the outside of the tank. This
will not only eliminate the pos-
*Note: Most solvents are both toxic and flamm..

ble and should be used with care. Be sure to
follow all label directions and precautions.

sibility of contamination of the
TDI by a water leak in the
heating coils, but will also min-
imize the possibility of lo-
calized overheating.

If TDI should freeze —the
freeze point is approximately
57°F (14°C)—the 2,4 and 2,6
isomers may separate. If this
occurs, the TDI should be
warmed to a2 maximum tem-
perature of 95°F (35°C) and
thoroughly mixed. (Note: Do
not heat TDI above 105°F
(40°C) as discolorization and
dimerization may occur. Also,
at temperatures above
212-248°F (100-120°C), TDI
will trimerize in an exothermic
reaction to form isocyanurates.
This reaction may furnish
enough heat —more than
347°F (175°C)—1to0 cause the
formation of carbodiimides
and the subsequent formation
of carbon dioxide. This second
reaction may create a pressure
hazard in a closed or restricted
vessel.)

During the winter, drum deliv-
eries may arrive in a solid state.
If this occurs, the TDI can be
readily liquefied by heating the
product to a maximum tem-
perature of 95°F (35°C). (Note:
Be sure that the liquefied TDI is
thoroughly remixed before
use. Also, do not use partially
melted material. Since the 2,4
isomer melts at a higher tem-
perature then the 2,6 isomer,
the supernatant liquid in con-
tact with the crystals will have
a higher 2,6 isomer content
than the completely liquid
product. Also, since the 2,6 iso-
mer reacts more slowly with
compounds having an active
hydrogen than does the 2,4 iso-
mer, the supernatant liquid will
have a slower reaction rate
than the material as a whole.
This could cause serious pro-
cessing difficulties.)




Strong Bases

The presence of strong bases —
even n small amounts —can cause
TDI to react with itself to form
isocyanurates and carbodiimides.
The carbodiimide formation is ac-
companied by the liberation of car-
bon dioxide, which may present a
pressure hazard.

Read and follow carefully each
of the safety recommendations
and precautions listed below:

® Avoid any contact between
strong bases, such as sodium
and potassium hydroxide or
alkoxides, and TDI. Such com-
pounds catalyze the rapid for-
mation of isocyanurates and
carbodiimides. Normally, the
trimerization reaction occurs
first, furnishing heat to cause
the carbodiimide reaction to
occur. This second reaction
liberates carbon dioxide —
which could result in the rup-
ture of a closed or restricted
vessel—and a hard solid or
foam which can only be re-
moved from the vessel or line
by mechanical meaas.

A likely source of contamina-
tion by strong bases is from
industrial cleaning. Do not use,
or permit the use, of sodium or
potassium hydroxide or other
strong bases in the cleaning of
lines or vessels.

Contamination from Amines
and Otber Active Hydrogen-
Containing Compounds

The primary dangers from con-
tamination by amines and other ac-
tive hydrogen-containing com-
pounds are product contamination
and the liberation of heat.

Recd aind follow carefully each
of the following safety recom-
mendation and precautions:

® Avoid contamination of TDI by
such compounds as alco™~'s,
glycols, phenols, amiucs,
amides, and acid anhydrides.
Such compounds will react
readily with TDI to form their
corresponding addition prod-
ucts. (Note: Although reactions
caused by contamination from
amines or other active hydro-
gen-containing compounds do
not release a gas, they do re-
lease considerable quantities of
heat.)

In the event of gross con-
tamination, the exothermic re-
action could raise the
temperature of the mixture
above 212-248 F (100-120 C).
This could result in the second-
ary reaction of trimerization —
an exothermic reaction which,
in turn, could raise the tem-
perature of the mixture above
347°F (175°C). At this tem-
perature, another secondary
reaction —the homopoly-
merization of the TDI to car-
bodiimides — can occur, with
a concurrent release of carbon
dioxide. Finally, the release of
quantities of carbon dioxide
especially in a closed or re-
stricted vessel — could lead to
an explosive rupture.

TDI Fire Hazards

Toluene diisocyanate has been clas-
sified as a Class III B combustible
material by the National Fire Protec-
tion Association. (Depending on the
method used, the flash point of TDI
is between 260 and 270°F
(126-132°C). The flammability lim-
its are 0.9 to 9.5 percent.) In short,
TDI will burn in the presence of an
existing fire or high heat source and
adequate oxygen. (Note: The low
volatility of TDI minimizes the po-
tential hazard of explosion. How-
ever, under fire conditions in which
a large concentration of isocyanate
vapor may be generated, explosive

limits could be attained and an ex-
plosion could oczur.)

Read and follow carefully each
of the safety recommendations
and precautions listed below:

® In the cvent of an isocyanate
fire, use a carbon dioxide or
dry chemical extinguisher. For
fires covering large areas, use a
water spray.

Fersonnel engaged in fighting
TD1 fires must be protected
against nitrogen dijoxide va-
pors as well as TDI fumes.
{Note: Fire fighters should
wear a self-contained breathing
apparatus and fire-resjstant
clothing, footwear, and
gloves.)

Spills and Leaks {Containment
and Clean-Up)

Spills or leaks of TDI should be
contained and cleaned up only by
properly trained and equipped per-
sonnel. All others should promptly
leave the contaminated area. Pro-
tective equipment should include
appropriate respiratory protective
devices and impcivious Ciothing,
footwear and gloves. Also, work
areas should be equipped with
safety showers and eve baths in
good working order. TDI or other
chemicals accidentally spilled or
leaked onto the skin chould be
quickly washed off. (Note: An ap-
proved* respiratory protective de-
vice must be worn whenever there
is any possibility of exposurc to

* The authority for approving or certifying reapira-
tory protective devices has recently been trans-
ferred jointly to the National Institutc for
Occupational Safety and Health (NIOSH) and
the Mining Enturcement and Safety Administra-
tion (MESA). For current information on the
status of approvals for respiratory protective
devices, contact any of the manufacturers or
suppliers listed on puge 31 or write w0 the
National Institute for Occupational Safzty and
Health, Morgantown, West Virginia 26505.




toxic concentrations of vapors of
TDL An air-supplied or self-con-
tained breathing apparatus,
equipped with a full facepiece,
hood, or helmet, is recommended.

See “Respirator Sclection Guide “on
page 13.)

Method I: Using a Premixed TDI
Neutralizer

All leaks and spills should be imme-
diately “neutralized” to prevent fur-
ther contamination of the
surrounding arca. This can best be
accomplished by promptly cover-
ing the spill with an effective TDI
neutralizer, such as the one de-
scribed above.

Read and follow carefully each
of the sqfety recommendations
and precautions listed below:

9 Aiways have a sufficient quan-
tity of premixed TDI neu-
tralizer in storage. (Note: pre-
mixed nentralizer may be
stored in tightly closed heavy-
duty polyethylene bags. Seal
bags with wire twists.)

* Caution: alcohols are highly Sammable. Keep
neutralizer mixture away from heat or open
flame.

** Conventional urcthane amine catalysts may be
substituted for tziethanolamine.

® Ventilate the area. Open all

doors and windows. (Note: To
avoid inhalation of the vapors
of either TDI or the decontami-
nants used, workers should
wear appropriate respiratory
protective devices; e.g., a self-
contained breathing apparatus.
See ‘“‘Respirator Selection
Guide” on page 13.

Leaking drums should be im-
mediately removed to the out-
doors or to an isolated, well-
ventilated area and the con-
tents carefully transferred to
other suitable, leak-free
containers.

Promptly cover the spilled or
leaked material with the TDI
neutralizer. (Note: For more
effective coverage, and to en-
sure greater contact between
the neutralizer and the TD], use
an industrial type heavy-duty
broom to sweep the neu-
tralizer into the spill.)

After the neutralizer has been
on the spill for at least two
hours, shovel the material into
a steel container and dispose of
properly. (Note: The broom
should be wrapped carefully in
plastic to contain the contami-
nants and then burned in an

incinerator. See “Disposal” on
page 8.)

Note: The use of neutralizing
solvents and other chemicals
may introduce additional haz-
ards of toxicity and flam-
mability. Such materials,
therefore, must be used in
strict compliance with the
manufacturer’s recommenda-
tions and precautions.

Method II. Using an Absorbent
Material

The following is an effective alter-
nate method for handling leaks or
spills in the event a premixed neu-
tralizer is not available.

Read and follow carefully each
of the safety recommendations
and precautions listed below:

® Ventilate the contaminated
area. Open all doors and win-
dows. (Note: To avoid inhala-
tion of the vapors of either TDI
or the decontaminants used,
workers should wear appropri-
ate respiratory protective de-
vices; e.g., a self-contained
breathing apparatus.)
Compieteiy cover the ieak or
spill with an absorbent mate-
rial, such as sawdust, ver-
miculite, an all-purpose
commercial oil absorbent, or
sand. Use an amount greater
than is estimated to be neces-
sary to absorb the TDL

Carefully shovel the absorbent-
TDI mixture into an open top
steel container; cover, but do
not make pressure tight. Re-
move to a safe disposal site
away from the operating area.
Soak the mixture in the con-
tainer with a solution of 5 per-
cent ammonia in water and
allow it to stand undisturbed
for at least 24 hours. (WARN-
ING: Considerable heat, which
could cause ignition, will be




generated when the aqueous
ammonia solution is first ap-
plied. After standing for 24
hours, however, the drum may
be closed (thoughnot pressure
tight) and properly disposed
of. (See “Disposal” on page 8.)
Immediately after shoveling
the absorbent-TDI mixture
from the floor, complete the
decontamination by mopping
the floor with a solution of $
percent aqueous ammonia and
10 percent isopropyl alcohol

ibbing alcohol). Be sure the
area is well ventilated both dar-
ing and after cleanup.

Cold Weather Spills

During cold weather, spilled or
leaked TDI may freeze. Under these
conditions, the use of ammonia and
water will merely coat the frozen
material with an insoluble urea,
stopping further reaction. It is es-
sential, therefore, to use a solution
that will not only dissolve the frozen
TDI, but will also form a liquid
product during decontamination.

Reaa and joitow carefutly eaco
of the safety recommendations
and precautions listed below:

¢ Estimate the quantity spilled,
and make up a mixture of ap-
proximately 50% isopropyi al-
cohol* and 50% perchloro-
ethylene by volume, using the
same volume of each solvent as
the estimated volume of spilled
TD1. (Note: To avoid inhalation
of the vapors of either TDI or
the decontaminants used,
workers should wear appropri-
ate respiratory protective de-
vices; e.g., a self-contained
breathing apparatus. See “Res-

* Caution: Alcohols are highly Alammable. Keep
neatralizer mixture away from heat or open
flame.
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pirator Selection Guide” on
page 13.)

Completely cover the spilled
material with the alcohol-per-
chloroethylene solution.

Allow the solution to remain in
place for at least one hour.

If practical, carefully wash
down the contaminated area
with copious amounts of
water. If this is not practical
(e.g., if the temperature is
below freezing), cover the area
with enough absorbent mate-
rial to soak up all the liquid.
Shovel this material into open
top steel containers, treat, and
dispose of properly. (Note:
Thoroughly air or ventilate the
decontaminated area to re-
move all traces of vapor.)

Note: The use of decontaminat-
ing solvents and other
chemicals may introduce addi-
tional hazards of toxicity and
flammability. These materials,
therefore, must be used with
care and in strict compliance
with the manufacturer’s rec-
ommendations and pre-
cautions.

Major Spilils

In the event of a major spill, a State
of Emergency should be assumed to
exist in the affected area.

Read and follow carefuily each
of the safety recommendations
and precautions listed below:

® All persons not properly
equipped with protective
clothing and appropriate respi-
ratory devices should imme-
diately leave the site ofthe spill
and should remain upwind.
Only experienced and prop-
erly equipped personnel
should attemnpt to isolate or
contain the spill. Note: Do not
wash spilled TDI down a drain
or into a river or creek.

¢ Keep all improperly equipped
and unauthorized personnel
away from the spill area.

® Immediately contact
Dow Chemical USA.
Call Freeport, Texas:
713-238-2112.

Disposal
Read and follow carefully each

of the safety re. -mmendations
and precautions listed below:

® Fully neutralized TD! may be
disposed of either by burial in
an approved landfill or by burn-
ing in an approved incinerator.

Only thoroughly trained and
properly equipped persons
shouid be permitted to partici-
pate in disposal operations.
Note: Keep waste diisocyanate
and waste polyol widely separ-
ated. Also, be certain that all
disposal procedures are con-
ducted in strict compliance
with all applicable federal,
state, and local regulations and
ordinances.

Drum Deconiamination

Read and follow carefully each
of the safety recommendations
and precautions listed below:

Residual TDI remaining after th-
emptying of drums may be decon-
taminated by the foliowing
procedures:

® Remove emptied drums from
the work area to a well ventil-
ated location or to the out-of-
doors.

Remove all bungs and fill
arums with water. (Note: Wear
nrotective equipment and
keep face away from bungholes
while filling also, do not re-
install bungs.)

Allow drums to stand un-
disturbed for 48 hours or until




(Note: A dilute solution of
agueous ammonia or isopropyl
alcohol may be added to the
water to speed up the
reaction. )

® All drums should be scrapped.
They should be drained and
crushed to render them totally
unreusable.

Other Urethane Chemicals

Polyols

Most polyols are very low in acute
oral toxicity and are considered
only mildly irritating to eyes and
skin. However, despite their rela-
tively innocuous characteristics

(compared with those of isocya-
nates ), they should be handled with

appropriate caution. Skin and eye
contact should be avoided. (Note:
Eye protection, such as safety
glasses or their equivalent, should
be worn whenever polyols are han-
dled or used. Also, and because they
are frequently used with chemicals
that are an inhalation hazard, appro-
priate caution dictates thorough
ventilation of all storage, handling,
and manufacturing facilities.)

Catalysts

Catalysts are used in urethane
chemistry to control both the poly-
mer reaction and the gas-formation
reaction. They are generally metal
salts (i.e., stannous octoate) or terti-
ary amines (i.e., triethylenedi-
amine). Both types of catalysts can
be toxic, burn intact skin, and can
induce sensitization. Eye contact
can cause severe irritation or burn.
With either type of catalyst, there-
Jore, skin and eye coniact must be
avoided.

Many liquid amine catalysts have
Tag Open Cup flash points in the

range of 20° t0 115° F(~6° to 4€°C)
and are classified, denending on the
flash point, as flammable or com-
bustible liquids. Because of their
volatility and flammability, there-
fore, tertiary amines should be con-
sidered fire hazards.

Note: Users are cautioned to secure
specific handling and disposal infor-
mation from their catalyst suppliers.
Blowing Agents

Halocarbon blowing agents are
commonly used in urcthane foam
manufacture and represent a signifi-
cant health hazard.

Commonly used halocarbons are:

Trichlorofluoromethane

75°F(23°C)

boiling point

Dichloromethane 104° F (40° C)

boiling point
Trichlorotrifluoroethane

(R-113) 114°F (45°C)

boiling point

Although they have a low order of

toxicity, inuaiation of high con-

centrations of the vapors of these

products can be dangerous and may

cause anaesthesia and unconscious-

ness. Cases have been cited showing
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fluorocarbons have caused cardiac
arrhythmias, including ventricular
fibrillation.

Although fluorocarbon blowing
agents are generally considered
nonflammable, they can, when
heated to decomposition (as when
drawn through a lit cigarette) gen-
erate quantities of highly toxic car-
bonyl chloride (phosgene) and
carbonyl fluoride. In addition, when
confined and subjected to high tem-
peratures, fuorocarbon blowing
agents may also present a serious
pressure hazard.

Like the fluorocarbons, di-
chloromethane has neither a flash
nor fir ~Hoint as reported by any of
the standard test methods: Tag
Open Cup, Tag Closed Cup, Cleve-

land Open Cup. However, the Na-
tional Fire Protection Association
reports flammable limits in pure
oxygen between 15.5% and 66% by
volume of MeCl,, and Dow labora-
tory data indicate flammable limits
in air of 12%-19% by volume at
30°C, both of which are impractical
under normal circumstances. How-
ever, when heated to decomposi-
tion, it too will produce a variety of
hazardous and toxic materials, such
as hydrochloric acid, chlorine, car-
bon dioxide, and cacbon monoxide.

Note: Users are urged to contact
their suppliers for detailed informa-
tion and instructions on the han-
dling and disposal of these blowing

agents.
Miscellaneous Products

Many other additives, such as surfac-
tants, fillers, fire retardant:, pig-
ments, and dyes, are used in various
urethane applications. Each has its
own profile of hazards and recom-
mended safety precautions. It is es-
sential, therefore, that users contaci
their suppliers for specific instruc-
tions on the safe handling, use, stor-
age, and disposal of each of these
products.

Application azards
(Urethane Foam)

Urethane chemicals and foams, like
many other industrial materials, can
be hazardous if misused or im-
properly handled However, when
potential hazards are recognized
and procedures for safe handling
and storage are understood and
practiced, urethane chemicals can
be used safely.

Dust

Urethane foam dust produced dur-
ing cutting, sawing, and other opera-
tions can cause mechanical
irritation to the eyes and mucous
lining of the nose and throat. In




addition, laboratory studies with
rats indicate that long-term respira-
tory difficulties may be caused by
exposure to large quantities of
finely ground urethane dust.

It is imperutive, therefore, that the
generation and accumulation of
dusts be carefully controlled during
fabrication. If it is not feasible to
install control devices, such as ven-
tilators, then suitable equipment for
respiratory and eye protection
should be worn by all persons ex-
posed to such dusts.

In addition, finely divided airborne
urethane dust can, under the proper
conditions, produce a “dust explo-
sion.” (Note: Even settled dust can
be made potentially explosive by
relatively low order concussions
which can raise the dust into air-
borne “clouds.”) To ensure safe
working conditions, therefore, it is
essential that workers exercise ex-
treme care and practice good
housekeeping in all urethane foam
fabrication areas.

Combustibility

While product composition may
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combustible and v. "'l burn readily,
often generating a variety of toxic
gases and dense clouds of black
smoke. Even when fire retardant
chemicals have been added to the
formulation, the end product —
under the right conditions of heat
and oxygen supply —will burn. 1t is
essential, therefore, that urethane
foam producers, fabricators, and
end users know and understand the
combustibility hazards and burning
characteristics of the final foam
product.

Products of Combustion

When urethane burns, many prod-
ucts of combustion are released.
What and how much are released
varies with product composition,
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fire conditions, oxygen leve!, and
other factors. As in all organic fires,
however, large quar.tities of carbon
monoxide, as well as other prod-
ucts, can be anticipated. In addition,
large quantities of dense, dark
smoke will be quickly generated
which may make it difficult to es-
cape from the fire area. Sprinkler
systems, however, have proven
effective in reducing smoke levels
and in increasing visibility.

(Note: While many different tests
are used to define the burning char-
acteristics of urethane foam — some
are small scale tests useful only in
comparing differemt products —
none are comprehensive enough to
define the hazards in all potential
fire situations. In short, no two fires
are the same. Fire conditions vary
with room size, ventilation, avail-
able oxygen, fuel load, ignition
sources, types of materials present,
and other factors. Also, how a given
urethane material will react to such
varying conditions depends on the
type of foam, the type of coveringor
flame barrier, the source of ignition,
the proximity io ignition or heai,
etc. It is unlikely, therefore, that all
potential hazards can be defined or
climinated from a potential fire con-
dition. However, when used and
stored within their known limita-
tions, urethane foams can be han-
dled with minimal bazard.)

Slabstock Foam Fires

The producer of urethane foam
slabstock must consider the ex-
othermic (heat generating) hazard
of the urethane foam reaction. Be-
cause of the insulating effect of the
foam, temperatures can be gener-
ated in the center of a bun which
can cause decompoesition and auto-
ignition of the foam. This can occur
severai hours after bun manufacture
when the material is largely unat-
tended. Extremely reactive systems
and those containing an improper
ratio (i.e., off-index) of polyol and
isocyanate are particularly suscepti-

ble. (Note: Similar conditions may
exist in other urethane applications,
particularly in spraying operations,
where large masses of urethane
polymer may be formed. Safety pre-
cautions similar to those for
slabstock should be carefully
followed.)

Read and follow carefully each
of the safety recommendations
and precautions listed below:

¢ Allow buns to cure and cool
completely berure stacking or
storing. (Note: High air flow
along the sides of fresh or hot
buns may draw off reaction
products and cause an influx of
oxygen. This can cause rapid
depletion of the antioxidant
and could result in auto-
ignition.
Monitor bun temperatures at
the center of the mass on a
routine basis. This is par-
ticularly important with new
formulations or new bun sizes.

Design and construct slabstock
pouring equipment to ensure
“on-ratio” metering. Be sure
equipment is kept carefully cal-
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order.

Cure bunstock in isolated areas
equipped with effective fire de-
tection equipment and sprin-
kler systems. (Note: Leave at
least 2 three-foot clearance be-
tween the stacked buns and the
sprinkler heads.)

® Do not smoke in storage areas.

Note: Large quantities of stored
urethane foams or foam products
can be a tremendous fuel source
should a small fire start. In laying out
manufacturing and storage areas,
therefore, designers should con-
sider maximum storage area, possi-
ble sources of ignition, and ihe
location and effcctiveness of fire and
smoke detection equipment and
sprinkler systems.




Construction Foam Fires
can be a combustion hazard if it is
feft exposed or unprotected. For
example, fires involving rigid
urcthane foam insulation have oc-
curred in buildings under construc-
tion when exposed or unprotected
foam was ignited by welding, cut-
ting, or burning operations.
Read and follow carefully each
of the safety recommendations
and precautions listed below:
¢ Foam scrap should not be al-
lowed to accumulate and
should be properly disposed of
daily.

Open flames, cutting and weld-
ing torches, heaters, smoking,
and other possible sources of
ignition should be prohibited
in foam storage and insulation
areas. When hot work must be
done near exposed urethane
foam, shield the foam with a
thermal barrier, and establisha
fire watch. (Note: Do not do
hot work on metal which is in
contact with urethane foam.)

Rigid foam boardstock should
be stored in limited quantities
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ignition. Be sure to provide ad-
equate aisle space between
stacks. (Note: Do not stack ma-
terials over 8 feet high. Also,
sprinkler protection is strongly
recommended.)

Have fire extinguishing equip-
ment available in both storage
and insulation areas.

Regardless of intended use or
lccation, and as soon after in-
stallation as possible, cover the
foam insulation with a thermal
or flame barrier. (Note: For in-
terior applications, a cover of
one-half-inch cement plaster or
fire-rated gypsum wallboard is
considered adequate.)

Note: A bulletin, ‘‘Fire Safety
Guidelines for Use of Rigid Urethane

Foam Insulation in Building Con-
struction,” is available from the So-
ciety of the Plastics Industry, 250
Park Avenue, New York, N.Y. 10017.

Cushion Foam Fires

Many of the fire deaths in the U.S. are
attributed to the misuse of smoking
materials. € ~hfires frequently start
in upholstered furniture and bed-
ding. As a consequence, regulations
have been passed or proposed re-
quiring mattresses and other uphol-
stered furniture to meet specified
combustibility tests. Also, the
proper combination of foam and
covering material can now be se-
lected to meet the standards estab-
lished by these tests. It is essential,
therefore, that manufacturers of
urethane foam and foam products
keep themselves informed of both
the increasing knowledge of the
combustibility hazards associated
with the use of urethane foams and
of changing regulations at the
federal, state, and local levels.

Extinguishing Fires

Read and follow carefully each
of the safety recommendations
and precautions listed below:

® Know where all fire extin-
guishers are located and how
to use them.

For small urethane foam fires,
use water, foam, dry chemicals,
or carbon dioxide. Large fires
of burning foam, however,
should be drenched with large
quaniities of water from sprin-
klers or fire hoses.

Because urethane foam is a
good insulator, it is necessary
to disperse and carefully in-
spect the foam after drenching
to be certain that the fire has
been completely extinguished.
Note: Hazards of rapid heat
buildup, rapid flashover, and
oxygen depletion exist when
fighting fires in enclosed areas.

Fire fighters, therefore, should
be equipped with self-con-
tained breathing apparatus
when extinguishing urethane
fires of any magnitude.

Fire Safety and Prevention

Read and follow carefully each
of the safety recommendations
and precautions listed below:

® All workers should be thor-
oughly familar with the plant’s
fire emergency procedures.
Workers should know where
all exits are located. Also, ac-
cess to exits should be kept
clear and unobstructed.

Smoking in areas where foams
are made or stored should be
strictly prohibited. No smoking
areas should be clearly posted
with large “NO SMOKING”
signs.

Welding torches, open flames,
or other sources of high heat or
ignition should be prohibited
in areas where foams are made
or stored.

® Keep work areas clean. Foam
scraps, dust, and other waste
materials should he promptly

and properly disposed of.

Handling
Precautions
Summary

To minimize the hazards asscciated
with the handling, use, and storage
of urethane chemicals and
polymers...

Read and follow carefully each
of the safety recommendations
and precoutions listed below:

¢ Never work alone when using
or handling reactive chemicals.

¢ Do not inhale vapors or mists.
(Note: Be sure work areas are
adequately ventilated to con-
trol vapors below workmen ex-
posure limits established by




the Occupational Safety and
Health Administration
(OSHA)* or have workers wear
suitable respiratory protective
devices, particularly when han-
dling isocyznates, ami1. ., or
solvated adhesives. See “Respi-
rator Selection Guide” on page
13.)

Avoid skin and eye contact
with all formulation chemicals.
(Note: Be sure all workers are
properly equipped with pro-
tective clothing and eye
protection.)

Do not allow persons with a
history of asthma, other respi-
ratory problems, or allergic re-
sponses, to work with
polyurethane chemicals.

Handle freshly polymerized
parts with care. Be aware ofthe
potential hazards of toxic va-

pors and of the heat of cure.

Do not stack fresh poly-
urethane buns. Insulation of
the heat can cause spon-
taneous combustion.

Equip polyurethane foam stor-
age areas with sprinkler
systems.

Keep adequate quantities of
isocyanate neutralizer on hand
for quick decontamination of
work areas in the event of spills
or leaks.

Never expose isocyanate in
containers to water, amines, or
other reactive ch=micals.

Never expose polyurethane
chemicals in closi:d containers
to elevated teinperatures.

Never expose a polyurethane
foam to an open fiame or high
heat source.

Always use proper dust han-
dling equipment and dust filter
masks when sawing or fabricat-

*See “OSHA Safety and Heaith Standards (29 CFR
1910).” Copies are available from the Superin-
tendent of Documents, US. Government Print-
ing Office, Washington D.C. 20402.

ing polyurethane foams or

parts.

Industrial Hygiene

Toxicity

The potential hazard of a given ma-
terial is based both on the degree of
toxicity and on the likelihood and
level of exposure. Responsible users
of chemical and industrial materials,
therefore, must be concerned not
only with the “toxicity” of such
materials, but with the actual haz-
ards which may be encountered
under specific use conditions. In
short, the greater the toxicity, the
greater must be the control over the
level of exposure. Remember: Toxic
effects can occur not only from a
single exposure (acute toxicity)
but also from frequent, repeated
eynosures over a period of several
hours or days (subacute toxicity),
or even from continuous or inter-
mittent exposure over long periods
of time (chronic toxicity).

While significant hazards are associ-
ated with such materials as catalysts
and blowing agents, the primary
hazard in urethane chemical ap-
piications is associated with the
isocyanate component, and par-
ticularly with the inhalation of its
vapors. For example, even short ex-
posures to relatively low concentra-
tions of isocyanate vapor may cause
progressively disabling effects to
the respiratory function. As such.
limits have been established regard-
ing allowable isocyanate vapor con-
centrations in the work
environment.

Presently, two values are used to
describe those limits: the “accept-
able ceiling concentration” which is
the absolute maximum concentra-
tion not to be exceeded, and the
“time-weighted average” (TWA )ex-
posure limit, which is the con-
centration under which it is
believed that nearly all workers may
b repeatedly exposed for 8 hours a

day, 40 hours a week, without ad-
verse effect. (Note: It is important to
remember that while these values
represent the best current thinking
of toxicologists and industrial hy-
gienists, they offer no guarantee of
absolute safetv. It is imperative,
therefore, that personne! working
with urethane chemicals under-
stand fully the hazards associated
with their use 2nd are familiar with
those procedures which have been
designed to minimize the hazards
involved.)

As of August 1977, a ceiling limit for
workman exposure to toluene diiso-
cyanate was set at 0.02 ppm. Ini-
tially, this was a voluntary standard
set by both the American Con-
ference of Governmental Industrial
Hygienists and the American Stan-
dards Association. However, with
the enactment of the Occupational
Safety and Health Act, The Depart-
ment of Labor, through the Occupa-
tional Safety and Health
Administration {OSHA), accepted
this value as an industry regulation.
(Note: Recently, the Mational In-
stitute of Occupational Safety and
Health (NJOSH) has proposed an 8-
hour TWA for toluene diisocyanate

with a ceiling value of 0.02 ppm
(0.14 mg/cu m) for a maximum
twenty minute period in the 1973
Criteria Document, “Toluene Diiso-
cyanate.” Recently the American
Conference of Governmental indus-
trial Hygienists has proposed ihat
the Threshold Limit Value (TLV ) be
changed to 0.002 ppm (0.014 mg/
m?.) OSHA may or may not accept
this recommendation and may or
may not promulgate new regula-
tions. Ii is essentiai, therefore, that
each user of urethane chemicals
keep himself fuily informed on the
most current regulations.)
Read and jollow carefully each
of the safety recommendations
and precauiions listed below:
¢ All employees shouid be in-
structed and periodically re-




trained in the use of all
protective and emergency
equipment, as well as in pre-
ventive procedures. (Note: Im-
pertant to any safety program is
thorough worker education. In
short, the best planned pro-
cedures do no good if they are
not understood and foilowed.
Similarly, the best of safety
equipment is useless if it is
not properly used and main-
tdined.)

Proper respiratory protective
equipment should be readily
available and in good working
order. (Note: For nonroutine
opetrations, or where vapor lev-
els cannot be controlled by
ventilation alone, all personnel
should use appropriate respira-
tory protective devices. Also,
only those devices approved
by the National Institute for
Occupational Safety and Health
(NIOSH ) and the Mining Enfor-
cement and Safety Administra-
tion (MESA) should be used.

Use air-supplied masks or
hoods when spraying urethane
foam. (Note: Because spraying
operations often result in rela-
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tively high levels of vapors and
aerosol mists, which can injure
the eyes and respiratory tract,
workers should use air-sup-
plied or self-contained
breathing apparatus. Caution:
Paint or dust respirators are
not adequate. Also, canister-
equipped gas masks are not
recommended for this type of
operation.)

Regularly inspect and repair
exhauet and ventilatina equin-
ment. Also, work area at-
mospheres should be checked
periodically to be sure that es-
tablished TDI vapor levels are
not being exceeded. (Note:
Isocyapate and other toxic
vapor levels in the work en-
vironment are best controlled
by properly designed equip-
ment and adequate ventilation
and exhaust. Combined with
safe work procedures, properly
designed equipment in good
working order can maintain
vapor levels within acceptable
limits. Warning: Tests have
shown that the least detectable
odor level of toluene diisocya-
nate is approximately 0.2-0.4
ppm. Because this odor thresh-

old occurs at levels signifi-
cantly higher than aliowable
concentrations, vapor levels
must be monitored continu-
ously using equipment specifi-
cally designed for that purpose.
Such equipment is available
from MDA Scientific Inc., 808
Bussc Highway, Park Ridge, 1l1.
60686.)

Prevent all contact with
urethane chemicals. (Note:
Skin and eye contact with iso-
cyanates and other urethane
chemicals may result in injury
and, in some cases, in skin sen-
sitization. It is essential, there-
fore, that operating and
ventilating equipment be
properly designed and main-
tained, and that all procedures
for the safe handling, use, and
storage of urethane chemicals
be fully understood and fol-
jowed. Also, the use of protec-
tive clothing, gloves, boots,
chemical goggles or face
shields, and approved respira-
tory protective devices must
be considered whenever there
is any possibility of exposure.)
Eyewash fountains and safety
showers should be installed in

all areas where urethane chem-
icals are handled. (Note: It is
important that the number and
focation of such units be de-
signed to serve both individual
and multiple employee
exposures. )

Health Hazards

Inhalation

Isocyanate vapors are exceedingly
irritating to the mucous membranes
of the upper and lower respiratory
tracts. Even very brief exposures to
TDI vapors may cause both irrita-
tion and difficalt or _labo ed
breathing, including a “burning”
throat, deep coughing, and choking.




I addition, inhalation of TDI vapor
may cause nausea, vomiting, and
abdominal pain. Furthcrmore, ex-
posure to isocvanate vapors may
cause sensitization or hypersen-
sitivity, which on subsequent ex-
posure, even 10 very low concen-

trations, may result in severc.

asthma-like attacks. (Note: Inhala-
tion of vapors of heated TDI can be
extremely hazardous. An appropri-
ate respiratory protective ‘Gevice
must be worn, therefore, whenever
there is any possibility of exposure
to unknown concentrations of va-
pors. See “Toxicity,” page 12. Also,
see page 31 for a list of manufac-
turers and suppliers of approved
respiratory protective equipment. )

skin Contact

Repeated or prolonged coniact with
TD1 may cause redness, swelling,
blistering, and burns. Also, direct
contact may produce skin sensiiiza-
tion (e.g., contact dermatitis).
Therefore, any contact with the
spray, vapor, or liquid should care-
fully be avoided. (Note: Protective
- clothing, including impervious rub-
ber or plastic aprons, rubber gloves
and footwear, chemical goggles or
faceshields, e:c., should be worn
whenever there is any possiblity of
direct contact with TDI. Also, safety
showers should be installed in and
near all TDI wort: areas.)

Eye Contact

While brief eye contact with low
concentrations - TDI vapor may
cause only mild tearing or a slight
burning sensation, contaci with
high concentrations of vapots or
mists may cause painful irritation.
Furthermore, direct contact with
TDI liquid or dust may be extremeiy
painful and, if not immediately re-
moved, may cause both severe irri-
tation and possible permanent
injury. (Note: Chemical worker’s
goggles or monogoggles should be
worn whenever there is any pos-
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sibility of direct contact with D!
liquid, dus:, or mist Alsc, eye ba:hs
should be instalivd in all TDI work
areas.)

Ingestion

Although TDI has a low level of
acute orai toxicity {e.g., LD, Rats
5800 mg/kg), it will irritate the
raucous membranes of the mouth,
esophagus, and stomach. (Note:
While accidenta! ingestion of TDI in
a normal industrial environment is
highly improbable, it #s nossible.
Foodstuffs, therefore, shouid not be
prepared or consun.ed where TDI is
used, handled, or stored. Also, in the
event of accidental ingestion, work-
ers should be prepared to adminis-
ter emergency first aid.)

Mote: A Material Safety Data Sheet.
similar to OSHA Form 20, is avail-
able from The Dow Chemical Com-
pany, Organic Chemicals
Department, Midland, Michigan
48640. Also, similar information
should be requested from suppliers
of other products prior to handling
or formulating with them.

Emergency First Aid

Ail empioyees working in areas
where contact with isocyanate is
pessible should be thoroughly
trained in the administraticn of ap-
propriate emergency first aid. Expe-
rience has demonstrated that
prompt administration of such aid
can be important in minimzing the
possible adverse effects of acciden-
tal exposure. (Caution: ¥:st aid is
“cmergency ireatment” only, and
medical attention from a qualified
physician should be provided as
soon as possibie.)

Inhalation

Promptly move the affected person
away from the contaminated area
and to an area of fresh air. Quickly
remove all contaminated clothing.

Keep the affected person calm and
warm, but aot hot. If breathing
stops, administer artificial respira-
tion. Call a physician at once:
(Note: The severity of respiratory
distress will determine the need for
oxvgen and hronchodilators; how-
ever, these should be administered
only by properly quaiified person-
nel or 1 physician. Warning: Never
attempt to give anything by mouth
to an unconscious person.)

Skin Contact

In the zvent of direct contact with
the skin, immediately get under z
safety shower. Remove all clothing
and shoes while under the shower.
Thoroughly wash the affected skin,
using plenty of water and a mild
soap. Get aedical attention. ( Note:
Contaminated clothing should not
be worn again until iaundered. Alvo,
shoes should be completely decon-
taminated before being reused.)

Eye Contact

If TDI contacts the eyes, first aid
must be administered at once. The
eyes should be heid open and
flushed with a continuous low-pres-
sure stream or spray of water for at
least 15 minutes. Seek medical atten-
tion at once. { Note: For more effec-
tive flushing of the eves use the
fingers to spread apart and hold
open the ¢y . lids. The eyes should
then be frequently ‘“‘rolled” or
moved in all directions. )

Ingestion

In the event TDI is ingestied, have
the affected person drirk large
zrmounts of water. Do not, however,
eacourage or induce vomiting. Call
a physician at cnce. (Note to Physi-
cian: TDI attacks the mucous mem-
branes of the mouth, esophagus, and
stomach. Gastric lavage, therefore,
is hazardous. If used, it should
be done under esophagoscopic
control.)




Part 11

Bulk Storage and
Handling Systems

Shipment and Handling

General Specifications (Tank
Trucks and Tank Cars)

Toluene diisocyanate is classificd as
a poisonous Class B liguid and is
therefore shipped in specially de-

signed tank trucks and tank cars
The following table (Table 3) and
figures (Figures 2 and 3) contain
general specifications for vchicles
used by The Dow Chemical Com-
pany for the bulk shipment of
VORANATE T-80 Isocyanate.

Table 4 —General Specifications. (Tank Truéks

and Tank Cay
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Unloading Procedures

Tank Tracks

VORANATE T-80 Isocyanate is
shipped in pressurized and insu-
lated stainless steel tank trucks,
equipped for bottom unloading
only. (Note: Only properly trained
and equipped personnel should be
permitted to unload tank trucks.

Opetatots should wear an appropri-

protective device

ate respiratory
and impervious clothing, footwear,

and gloves).

Read and follow carefully each
of the sqfety recommendations
and precautions listed below:

1.

Position the trailer as level as
possible and block the
wheels.

Check the temperature of the
contents. (Note: The tem-
perature must be above 59°F
(15°C) when the trailer is
unloaded.)

If heating is required, attach a
25 psi steam supply to the
heating coil inlet connection.
Attach a steam trap, designed
for the steam pressure avail-
able,tothe heaﬁngcoiloutlct

PUYTVT POy 4 \ FUVes . PN
CUINNIA LIVIL IV x‘ux W‘Wl

control of the heating pro-
cess, use a steam pressure of
15 psi.) Allow the contentsto
warm until the temperature is
at least 68°F (20°C). When
the temperature reaches 68°F
(20°C), turn off the steam and
disconnect the lines. (Note:
To prevent the heating coils
from freezing during cold
weather, be sure to drain
them or “blow them out.”)
CAUTION: Carefully watch
the thermometer during
heating. Do not allow the
temperature to rise above
104°F (40°C). See “Tempera-
ture Control,” page 5.

4. Attach the unloading line.

(Note: The line should be
clean, dry, and preferably
made of flexibl. metal or rub-
ber hose which can safely
withstand unloading

pressures.)

Connect the dry purge gas
(preferably nitrogen) line to
the tank truck. Note: This line
should have a pressure gauge,
a safety valve set at 30 psig,
and a pressure regulator set at
25 psig.)

Draw off a sample of the con-
tents for analysis. (Note: A
sample of the contents may
be obtained by connecting
stainless steel tubing to the
sample connection. Flush the
sample connection by draw-
ing off at least one galion of
TDI into a clean, dry con-
tainer. The sample to be ana-
lyzed may now be drawn off
into another clean, dry con-
tainer of ~vhatever size is nec-
essary for testing. CAUTION:
Do not breathe vapors. Wear
proper protective equipment
whenever there is any pos-
sibility of contact with TDI
liquid or vapors.)

7a. If the contents are to be un-

loaded by purge gas pressure
alone, the storage tai:k
should be fitted with a vent
scrubber. This will prevent
TDI from being vented into
the atmosphere during un-
loading. (CAUTION: Do not
exceed 25 psig purge gas
pressure to unload the tank
truck. ) When the tank truck is
empty, the pressure gauge
will show a drop in pressure.
Close the valve at the storage
tank connection férst. Then
close the truck unloading
valve.

. If the contents are to be un-

loaded by pump, either a

vapor line connecting the
storage tank vent to the tank
truck should be installed
{closed loop) or a low-pres-
sure, replenishable gas pad
must be placed on the tank
truck. (Note: If a gas pad is
used, install 2 vent scrubber
on the storage tank vent.)
These precautions will not
only prevent TDI vapors from
being vented to the at-
mosphere, but will prevent a
vacuum from being pulled on
the tank truck during unload-
ing. (CAUTION: Do not use a
closed loop system unless the
dead air space in the storage
tank is free of moisture; i.e.,
—40°F (—40°C) dew point.
Also, connection hoses
should be purged with dry air
or nitrogen before hookup.)
When the trailer is empty,
allow the unloading hose to
vent down to the storage
tank. Note: Be sure to close
the valve at the storage tank
connection first. Then close
the tank truck unloading
valve.

8. Shut off the purge gas to the
tank truck. Close the tank
truck purge gas valve and dis-
connect the purge gas line.
{Noic: if a ciosed ioop sysicm
was used in conjunction with
pump unloading, close the
tank truck connection valve
and the tank vent valve. Then
disconnect the hose connect-
ing the two.) All connection
hoses should now be cleaned,
dried, and capped for storage.

Tank Cars

VORANATE T-80 lsocyanate is
shipped in insulated, baked-phe-
nolic-lined tank cars, equipped with
external heating coils and a safety
valve set for 75 psi. (Note: Tank cars
from The Dow Chemical Company
may be unloaded only from the top.




They are equipped with excess flow
check valves set at approximately
130 gpm and should not be un-
loaded at higher raies. Also, only
properly trained and equipped per-
sonnel should be permitted to un-
load tank cars. Operators should
wear an appropriate respiratory
protective device, eye protection,
and impervious clothing, footwear,
and gloves.)

Read and follow carefully the
safety recommendations and
precautions listed below:

1. Before attempting to use the
following procedure, opera-
tors should be thoroughly fa-
miliar with the hazards
associated with the handling
and storage of VORANATE
T-80 Isocyanate. Also, see p.
17 for a diagrammatic draw-
ing of a typical tank car.
(Note: All letter references
refer to this drawing.)

. Verify that the proper car is
being unloaded. (Note: Care-
fully check the car number
and commodity stenciling
against the bilt of lading or
other appropriate document.
Also, sample the contents to
be sure that the material is
indeed TDL.)

. Position the car on the se-
lected siding; then set the
brakes and block the wheels.

. Position caution signs on the
track or car in such a way as
to give adequate warning to
persons approaching the car
from the open end(s) of the
siding.

(Note: The signs should no?
be removed until the car has
been unloaded and discon-
nected from the discharge
connection. In addition, R M.
Graziano’s Tariff No. 31, “Haz-
ardous Materials Regulations
of the Department of Trans-

portation,” Section 174.67,
“Tank Car Unloading,” states,
in part, that:

The signs must be of metal
or other comparable ma-
terial, at least 12 inches
bigh by 15 inches wide in
size, and bear the words,
“STOP —Tank Car Con-
nected,” or “STOP—Men
at Work,” the word “STOP”
being in letters at least 4
inches bigh and the other
words in letters at least 2
inches bigh. The letters
must be white on a blue
background.)

NOTE: In addition to these
mandatory regulations, The
Dow Chemical Company rec-
ommends that the switch(es)
on the open end(s) of the
siding be provided with locks
or that derails be placed on
the track at least 50 feet from
the end(s) of the car. This
should effectively prevent
the entry of other cars into
the siding where the TDI car
is being unloaded. Caution:
In the event derails are used,
be sure to attach a signal flag
to the track to indicate that
the derail is in the derailing

~roit i
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. Climb the ladder to the plat-

form area on top of the car.
(Note: All of the unloading
apparatus on Dow tank carsis
located in the manway bon-
net in the center of the plat-
form.) Remove the seal from
the latch pin and open the
bonnet dome. When the
cover is open, check to see
that all valves are in the
closed position.

. Check the temperature ofthe

tank car by removing the %"
cap from the thermowell (B}
and inserting a thermometer
approximately 24" for 15-20

minutes. (Note: The tem-
perature of the contents must
be above 59°F (15°C) when
the car is unloadec. )

. Should heating be necessary,

remove the cover from the
magnetic gauge (A) and raise
the gauge rod to where the
magnet in the end of the rod
engages the magnet on the
float. (Note: The rod is cali-
brated in Y4-inch increments
and should read between 4
and 7 inches.) Next, attach a
steam hose to the steam inlet
connection located on the
bottom of the car. Attach a
steam trap, designed for the
steam pressure available, to
the heating coil outlet con-
nection. (Note: For greater
control of the heating pro-
cess —that is, to avoid hot
spots and product deteriora-
tion —use a steam pressure
of 25 Ibs or less. Also, care-
fully monitor the outage to
be sure that expansion does
not fill the car “liquid full”
and cause it tn “pressure re-
lieve” through the safety
valve. Finally, be sure to
monitor the pressure on the
tank car during heating. Do
not allow pressure to go
beyond 30 psig. Aiso, dry ni-
trogen is recommended for
padding. )

. Allow the contents to warm

until the temperature is at
68°F (20°C). When the tem-
perature reaches 68°F
(20°C), turn off the steam,
disconnect the lines, and
allow the heater coils to
drain. (Caution: Carefully
watch the thermometer dut-
ing heating. Do not allow the
temperature to rise above
104°F (40°C).)

. Connect the pad gas line to

the vapor or vent valve (E).
(Note: Both the vent and




load 7/ unload valves are

" 15 fianges with four bolts ic. &'

4%" bolt circle. Although

- _these are combination

10.

flanges to which a screw-type
hookup may-be made (eg,
by removing the 2" solid plug

to remove the bolts; eg.,
an open-end wrench of
proper size to hold the nut
on the bottom of the
flange and a box-end or
socket wrench to turn the
bolt on the top side of the
flange. Pipe or crescent
wrenches are not recom-
mended. Note: The bolts
away from the operator
should be removed first.

b. Carefully connect the
purge line to the valve by

reinstalling the gasket and
bolts.

c. Tighten opposite bolts

with equal pressure until
all bolts are uniformly

tight.

d. Equip the purge line con-
nection with a pressure
gauge regulated to a2 max-
imum pressure of 40 psig.

If desired, 2 sample of the

contents may be drawn off

through the sample valve (F),

which is 2 4" needle valve

equipped with standard pipe
threads. (Note: If 2 sample is
desired from an un-
pressurized car, usc 3to 4 Ibs
of purge gas pressure.) The
sample valve is attached to a
sample line, which is
equipped with an excess flow
valve. (Note: Should the ex-
cess flow valve close, turn off
the sample valve. Wait ap-
proximately one minute;
then reopen the sample valve.

1L

valve to cause the ball in the
excess flow valve to drop into
the open position. A good
preventive practice against
excess flow valve closure isto
draw the sample very
slowly.) CAUTION: Do not
breathe vapors. Wear proper
protective equipment when-
ever there is any possibility of
contact with TDI liquid or
vapors.

Attach the unloading line(s)
to the unloading valve(s) (D
and G). (Note: Follow the
procedure outlined under
step no. 9.) After proper at-
tachment of the unloading
line(s), slowly open the un-
loading valve(s) until dis-
charge line(s) are liquid .l
(Note: If the valve(s) re
opened too quickly, the sud-
den flow of the product into
the empty line(s) may cause
the excess flow valve(s) to
close.)

12. Vapor pressure on the car

may now be increased to
effect discharge of the prod-
uct. Be sure, however, that
the amount of pressure is ap-
propriate to the unloading
method used; ie., by purge
gas pressure or pump. (Note:
Each eduction line is
equipped with an excess
flow valve set for 130 gpm.
These valves are of the verti-
cal slug type and may be
closed by the combined ac-
tion of a float and the flow of
the product. When this hap-
pens there will be a sharp
hammering noise. The opera-
tor should then close the un-
loading valve and wait until
the excess flow valve re-
opens. (There will be an au-

13.

14.

dibie “klunk” when the float
falls back into the open posi-
tion.) The operator may now
reopen the unloading valve,
but should throttie the flow
to a rate below that which
will close the excess flow
valve. CAUTION: It is
strongly recommended that
throttling be done at the
pump or storage tank rather
than on the tank car unload-
ing valves. Valves on the tank
car should be fully open so
that the excess flow valves
can close in the event of a2
line rupture. Also, storage
tank pressure should be care-
fully controlled and
monitored during the un-
loading operation.)

‘When the tank car is empty,
the unloading lines should be
blown clear of liquid and
blocked in before being dis-
connected. See step 14d.
(Note: There are a number of
ways to determine when the
tank car is empty. For exam-
ple, a rapid drop in vapor
pressure on the car would
indicate that the liquid is
gone and that the gas is blow-
ing out through the unload-
ing line. The amount of
product received into the
storage tank should also indi-
cate whether or not the tank
car is empty. CAUTION: Do
not use the Magnetic Gauging
Device to determine if the car
is empty. This device only
extends 60" into the car; the
car itself is 102" in diameter.
Also, do not breathe vapors.
Wear proper protective
equipment whenever there is
any possibility of contact
with TDI liquid or vapors.)

Once the tank car is empty,
return all valves and connec-
tions to their original
condition:




a. Remove the thermometer

from the thermowell and
replace the dust cap.

b. Completely lower the

Magnetic Gauging Device
and replace the dust cap.

c. Close the sample valve and

replace the 4" plug.

d. Liquid unloading lines

should be blown dry and
disconnected in accord-
ance with the following se-
quence: First, blow the
line to the storage tank;
then close off the valve to
the storage tank. Second,
open the unloading valve
on the tank car and blow
any material left in the line
back into the car. Next,
determine the amount of
pressure remaining in the
car. If it is below 10 Ibs
psig, continue flow of
purge gas until pressure in
the car reaches a mini-
mum of 10 Ibs psig (Note:
Do not allow pressure to
exceed 40 Ibs psig. ) Now
close the tank car valve,
bleed off any pressure left
in the unloading line, and
remove the bolts. (Note:
To prevent residual mate-
rial or pressure from biow-
ing toward the operator,
be sure to remove the
boits away from the opera-
tor first.) Finally, replace
the gasket and flange on
the unloading valve.
(Note: Alternately tighten
opposite bolts until all
bolts are uniformly tight
and a leakproof seal has
been made.)

. Remove the purge gas line
and replace the gasket and
flange. (See “Note” imme-
diately above.)

. Close dome cover and re-

place latch pin.

15. RM. Graziano’s Tariff No. 31,
“Hazardous Materials Regula-
tions of the Department of
Transportation,” Section
174.69, “Removal of Placards
and Car Certification After
Unloading,” states, in part,
that:

When lading requiring
placards or car certificates
is removed from rail cars
other than tank cars,
Dlacards and car certifi-
cates must be removed by
the party unloading the
car. For empty tank cars,
the placards must be re-
moved, replaced or re-
versed in accordance with
the provisions 172.510(c)
of this subchapter.

Section 172.510(c), ‘“Re-
moval >f placards and car
certificites after unloading,”
states, in part, that:

Each empty tank car must
be placarded with an
EMPTY placard as re-
quired and described in
172.525 for paragraph (a)
of this section. as appro-
priate, that corresponds to
the placard that was re-
quired for the material the
tank car last contained
unless the tank car last
contained a combustible
liquid or bas been —

(1) Reloaded with a ma-
terial not subject to
this subchap.er, or

(2) Sufficiently cleaned
of residue and purg-
ed of vapor to re-
mouve any ptential
bazard.

Section 172.525, “Standard
requirements for the FMPTY
placard,” states, in pa.t, that:

(a) Eacb EMPTY placard
must be as follows:

(1) The triangle at the
top of the placard
must be black. The
word “EMPTY” must
be white.

The midsection and
lower triangle on the
EMPTY placard must
be as specified in
172.519 and Appen-
dix B to this part,
and...as appropri-
ate for the residue of
the commodity
being transported
and required by this
subchapter to be pia-
carded.

(b) The top part of each
EMPTY placard must be
as specified in Appendix
B to this part and as
illustrated on the FLAM-
MABLE — EMPTY pla-
card which, except for
size and color, must be
as follows:

(c) The EMPTY placard
must be as shown in par-
agrapn (D) of ibis sec-
tion nd may be —

(1) A separate placard,

(2) On the reverse side of
a placard, or

(3) A composite made
by covering the top
triangle of the ap-
propriaic placard
with a black triangle
bearing the word
“EMPTY” in white
letters.

16. Remove warning, open de-
rails, uniock switches, etc. Re-
lease hand brakes and remove
chocks from wheels. If an un-
loading rack was used for en-




trance o the dome pistform,

- be -sure that all parts of the
rack are removed and relo-
cated far enough away from
the car to conform to AAR

) clearance for entry
of the rail crew for switching
operations.

. Compiete all final paperwork;
¢.8, “Empty Return Instruc-
tions.” (Note: After all forms
have been completed and the
proper carrier endorsements
obtained, send the various
copies to the locations desig-
nated in the instructions.)

Drums

VORANATE T-80 Is: cyanate is
shipped in phenolic-lined steel

drums, equipped with two bungson
the top. (Note: These drums met

DOT 17C specifications.)

Read and follow carefully each
of the sqfety recommendaiions
and precawtions listed below:

1. Closely examine each ship-
ment for damaged drums.
(Note: Drums should be han-

prevent damage. If damaged
drums are found, they should
be closely inspected for leaks.
Leaking drums should be re-
moved to a well ventilated
area and the contents transfer-
red to other suitable con-
tainers. The empty drums
should be decontaminated
(see page 8) and then pierced
to render them unreuseable.

. Drums may be unloaded with
conventional stainless steel
drum pumps. To prevent col-
lapse of the drum during un-
loading, equip the drum vent
with a dry air or dry nitrogen

breather. This attachment will
also prevent moisture con-
tamination of the contents.
(Note: When not in use, pump
lines should be protected from
moisture by fitting a plug or
cap into the open end. Port-
able pumps, lines, and fittings
should be carefully rinsed,
dried, and stored in a dry loca-
tion. See “Moisture Control,”
pzoe 4.) CAUTION: Operators
e:.gaged in handling, opening,
unloading, and closing drums
should be completely familiar
with the hazards associated
with TDI and should be prop-
erly equipped with protective
clothing and an appropriate
respiratory protective device.

Drum Storage

Whenever possibie, drums contain-
ing VORANATE T-80 Isocyanate
should be stored indoors. During
cold weather, the temperature in
storage areas should be kept above
68°F (20°C). If drums are received
frozen, be sure the contents are
completely thawed and mixed be-
fore using. Thawing may be accom-
plished by allowing the frozen
drums to sit in a warm storage area
or by using a drum heater. (Note:
During warm weather, drums may
be stored outdoors. However,
drums should be stored in such a
manner as to prevent water from
collecting on the drum tops. This
may be accomplished by storing the
drums under a cover or by stacking
them on their sides.)

CAUTION: Do not heat the contents
above 104°F (40°C) or the drum
wall above 175°F (79.5°C). Over-
heating may cause expansion of the
contents, homopolymerization, and
the subsequent formation of catbon
dioxide, which can seriously

weaken or completely rupture the
drum. (See “Temperature Control,”

page 5.)

Bulk Storage

A properly designed bulk storage
system for VORANATE T-80 Isocya-
nate must:

® permit safe handling of the
material,

¢ provide both moisture and
temperature control,

® prevent contamination of the
product, and

® minimize the hazards of
combustibility.

In attempting to construct such a
system, therefore, it is essential that
designers familiarize themselves
with the hazards, safety recommen-
dations, and precautions associated
with the handling and storage of
VORANATE T-80 Isocyanate. A gen-
vinely practical design, therefore,
must not only include a physical
layout of the facilities and equip-
ment, but must also include a plan
for personnel safety in all areas of
the operation. In short, the estab-
lishment of safe work procedures
must be an integral part of any bulk
storage system. In addition, design-
ers must also consider all applicable
insurance requirements, as well as
governmental codes and regula-
tions, and should consult with all
appropriate local agencies during
each stage of planning and
construction.

Note: The equipment described
below is suitable for use in bulk
storage systems for VORANATZ
T-80 Isocyanate. Such items, how-
ever, are merely components of typ-
ical systems and must not be
considered a finished design. Also,
other equipment similar to the




items listed can be tested for per-
formance and may give equally
good results. See the lists of “Equip-
ment Manufacturers and Suppliers”
on pages 27-32.

Tanks

Tanks should be sized to meet plant
and customer needs. (Note: Mini-
mal capacity equivalent to 150% of
normal monthiy bulk receipt is sug-
gested. ) Each storage vessel should
be a welded, vertical or horizontal,
cylindrical, carbon steel tank
(A283C steel) built to AP1650 Code
and designed to hold the specified
product safely when filled to
capacity.
Both vertical and horizontal tanks
should be equipped with the follow-
ing openings:
1 — 20" roof manway.
1 — 20" shell manway 12" off
floor.
1— 3" or 4" roof nozzle for vent.
3 — 14" roof nozzles for gauge.
1 — 2" shell nozzle near floor
leading to a dished sump for
drain.

2 — 2" to 3" shell nozzie 12"
above floor for inlet and
outlet. Inlet and outlet are
to be 90° apart.

1— 1" 3,000 Ib ccupling in sheil
36" above floor for ther-
mometer well.

In the design of tanks to be lined,
minimal radii recommended by the
lining manufacturer must be ob-
served Fail fillet interior welds
should be uti'*zed, and all splatzer
must be ground smooth. Weids
must be continuous and smooth and
should * ave no undercuts or posos-
ity. {Note: The tank manufacturer
sh. ‘ld be responsible for providing
the proper radii and welds and for

removing all splatter. The lining
contractor should be responsible
for other surface preparation.)

Tanks should be water tested to
design pressure, and then dried,
brush sandblasted inside, and
cleaned. (Note: A silica gel charge
shouid be placed inside the tank
prior to sealing it for shipment. Also,
moisture content should be 125
ppm maximum.) Exterior scale
shouid be removed and the exterior
primed with one coat of red in-
organic zinc primer. (Note: Silica
gel charges in tanks must be re-
moved and the system must be thor-
oughly cleaned, dried, and purged
with a dry pad gas prior to use.)

Linings

Linings are desirable to prevent the
pickup of rust or iron which can
cause product discoloration. If a lin-
ing is to be used, surface preparation
and lining application are of prime
importance and shouid be con-
ducted in strict accordance with the
tining manufacturer’s recommenda-
tions. Also, only experienced lining
applicators who are licensed or ap-

nenve A b thoe linine manufacstnras
ProOYT T oY Wl manuiacturer

shouid be considered for applica-
tion work.

Surfaces should be prepared and
coated within eight hours, during
which time proper temperature and
frumidity controls shouid be main-
tained. In no case, however, should
alining application be attempted on
a surface once evidence of rust has
heen detected. Also, if linings are
applied in the shop, extra care must
be exercised to prevent lining
damage during transportation and
erection of the tank. If any damage
doe= occur, it should be thoroughly
repaired prior to piacing the tank in
service. (Note: Provided sroper ap-
plication and curing methods are

employed, a high-temperature
baked-phenolic lining of either
Heresitet P403-L66, BisconiietT 957
or Plasitet{t 3055 brands, or an
equivalent material is satisfactory
for VORANAITE T-80 Isocyanate.

Insulation

Storage tanks which are located out-
of-doors and which may be exposed
to extremes of temperature should

‘be insulated with either a 1" to 172"

thickness of urethane foam or
STYROFOAM* brand plastic foam or
a 2" thickness of fibrous glass. (Note:
If tanks are located indoors, where
normal room temperatures are
maintained, insulation may not be
necessary.) In addition, an effective
weather cover of corrugated alumi-
num or asbestos-cement sheeting
should be used to protect the tank
from rain, snow, ice. etc. (Note:
Interior storage tanks which have
been insulated with plastic foam
should be covered with an effective
flame barrier to minimize the hazard
of combustibility. Also, to prevent
lining damage, insulation and any
necessary welding should be com-
nieted before the lining is installed.)

Pumps

Steel or stainless stee! canned-type
pumps with nitrogen filled stater
cavities are preferred. However,
standard centrifugal or positive dis-
placement pumps equipped with
mechanical seals may also be used.
(Note: Do not use silicone with
canned-type pumps. Also, mechan-

* Trademark of The Dow Chemical Company

T Trademark of Heresite and Chemical
Company.
T+ Trademark of Bisonite Company, Inc.
t¥1Trademark of Wisconsin Protective Coating
Corpaoration.




" ical seals should be purged with dry

" -gas to prevent moisture from con-

~ tacting the seal frce and causing
mubmabnmdsedhﬂure)

" Depending upon preferred flow
fates, two pumps for each system
may be destrable. (Note: Truck un-
loading pumps should have a2 capac-
ity of 100-150 gpm. Lower rates,

Three types of valves are required:

1. Pressure-vacuum (P-V) vents
for tanks,

2. Relief valves for positive dis-
placement pumps, and

3. Line relief valves,

Each storage tank must be provided
with 2 pressure-vacuum (P-V) vent
valve which, to prevent accumula-
tion of vapors, should relieve or
terminate out-of-doors.

Also, and provided that all parts and
cquipment are rated for a working
pressure of 150 psig, each positive
displacement pump should be
equipped withareliefsystem sctata
maximum of 125 psig. If parts and
cquipment are not r2ted at 150 psig,
the relief should be set at 75 to 95%
of the system’s lowest working
pressure.

Finally, each line section which can
be closed off by valves while full of
liquid should have a relief valve
which relieves back toward the
tank, with the final section relieving
into the tank itself. Settings for these
reliefs should be the same as those

for pumps.

Pressure Gauges

Gauges should be provided at the
pump, before and after filters, and
near the process. They should be

protected by a scaled diaphragm
filled with nonhydrocarbon fluid.
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Gauges are also advisable on steam

and air lines and on equipment

where gases or liquids are handled,
such as chillers and heat

exchangers.
Sample Valves

To facilitate product sampling,
V4"-%" sample valves, which termi-
nate in a stainless steel nipple,
should be provided in each system.

Piping .

Both schedule 40 seamless carbon
steel pipe (A53) and welded pipe
joints with flanges and flanged
valves work well. Threaded coup-
lings and valves may also be used,
provided that tape made of Teflont
brand fluorocarbon fiber is used on
all threaded fittings. (Note: Tape
must be applied carefully. Also, no
pipe dopes may be used.)

Sclection of line sizes will be deter-
mined by product flow rate, system
design, and pump specifications.
Normally, a 3" diameter line is satis-
factory; however, for short, simple
systems, 2" may be more suitable,
while for longer and more complex
systems, 4” may be required. In any
event, sizes should be established in
conjunction with the pump sup-
plier, keeping the diameter to the
practical and economical minimum.

Note: Pipeline insulation and heat-
ing or cooling may be required if
lines are either outdoors or in an
area in which normal room tem-
peratures are not maintained.

Heating

VORANATE T-80 Isocyanate shculd
be maintained at slightly above
room temperature; i.c., 70-80°F
(21-27°C). For heating uninsulated
indoor storage tanks, an indusirial

1 Trademark and product of E.L duPont de
Nemours Co.. Inc.

heater may prove adequate. How-
ever, for outdoor insulated tanks,
extornal plate coils using steam to
2% psig are recommended. (Note:
To maintain suitable product tem-
peratures, pipelines may also re-
quire insulation, tracing, or both.)

Heat Exchangers

Heat exchangers should have an
area of 2 to 3 square feet per
gallon / minute.

Pad Gas

Dry nitrogen is preferred; however,
dry, oil-free air supplied by an air
compressor and dryer may also be
used. Either gas should have a max-
imum dew point of —40°F(—40°C).

Pressure Control Valve (PCV)

Use a low-pressure regulator to con-
trol the pressure in the isocyanate
storage tank.

Temperature Indicators (TT)

The temperature of the product
may be accurately monitored witha
dial-type thermometer inserted in a
suitable thermowell. (Note: To
achieve greater heat transicr for a
more accurate reflection of the tem-
perature of the contents, be sure the
thermometer is in direct contact
with the thermowell.)

Level Indicators (LI)

A level indicator should be used to
measure product level in the tank
and to determine inventory.

Strainers

Steel-cased, dual-line strainers hav-
ing 100-mesh stainless steel rein-
forced wire screen baskets are
recommended. Units should also be
equipped with control valves which




permit one side to continue in oper-
ation while the other is being
serviced. (Note: It is strongly rec-
ommended that all unloading and
process lines be equipped with ei-
ther strainers or filters; e.g., use
strainers on the unloading lines
close to the tank and filters on the
process lines close to the process. )

Filters

Filters should be equipped with ele-
ments which are suitable to the
product and the desired flow rate.
(Note: Ten-micron, cotton-wound
elements with voile-covered steel
mesh cores are recommended.)

Meters

Use suitably sized meters. (Note:
Meters should contain no aluminum
or aluminum alloys nor any synthet-
ics other than TeflonT fluorocarbon
and Vitont fluoroelastomer. )

Valves

Cast steel, malleable iron, or 316
stainless steel 150 psig valves are
suitable for tank nozzles. Steel, mal-
leable iron or iron 125 psig valves
may be used on lines. Also, gate, ball,
Of plug vailves may e used provided
no internal lubrication is required.
(Note: Valve packing, if required,
should be nongraphited asbestos,
asbestos impregnated with Teflon
fluorocarbon fiber, or braided
Teflon fluorocarbon fiber. Also, ball
valves should have seats of Teflon.)

Gaskets

Gaskets of nongraphited asbestos,
asbestos impregnated with Teflon
fluorocarbon, or braided Teflon flu-
orocarbon fiber may be used. (Note:
Envelope-type gaskets made of
Teflon fluorocarbon are also
suitable. )

tTrademarks of E.I. DuPont de Nemours Co., Inc.

Hoses

Hose made of Viton fluoroelastomer
is preferred. (Note: Hoses for per-
manent and continuous service
should be made of flexible seamiess
metal, steel, or stainless steel.)

Electrical

Explosion-proof wiring and equip-
ment should be used in all areas
where flammable vapors or dusts
are likely to be present. Also, all
electrical equipment should be
grounded. (Note: Electrical work
must conform to all applicable
codes and ordinances. Also, when
ordering electrically operated
equipment, be sure to specify the
type of electrical service available. )

Foundation

Depending upon load and soil con-
ditions, reinforced concrete pads,
concrete rings, reinforced concrete
piers, or crushed stone rings may be
used. (Note: Vertical tank bottoms
should be coated and, if out-of-
doors, sealed to the foundation with
asphalt. Also, if ring foundations are
used, the centers should be filled
with compacted oiled sand. )

Paint

All steel equipment used out-of-
doors should be carefully cleaned
and coated with a suitable primer.

Dual-Service Equipment

Equipment to be used for two or
more products must be so designed
that it can be drained and blown dry
between products. (Note: Manifolds
should not be used. Instead, switch-
hose and guick-coupler connec-
tions shou!d be made between dual
service equipment and individual
product lines. )

Drains

All equipment should be provided
with drains and should be designed
to drain completely. (Note: Fiping
should slope toward low points
equipped with drains.)

Ventilation

Indoors storage systems should be
housed in a separate room,
equipped with exhaust fans and in-
takes. This will minimize vapor ac-
cumulation in the event of a leak or
spill. (Note: Tank areas should be
diked; however, there should be no
open drains within the diked area.)

Miscellaneous

® Waste control, disposal, and air
pollution control measures
should be carefully considered.
Proper systems and opera-
tiona! controls should be in-
stituted and carefully
maintained.
All equipment and facilities, as
well as their installation,
should conform to the specifi-
cations and requirements of ap-
propriate federal, state, and
local codes and ordinances.
All equipment and materiais
should be compatible with the
product to be handled and
should be installed in strict
compliance with the manufac-
turer’s recommendations.
All systems should be bonded
and grounded. (Note: Bonding
and grounding cables should
be available at all loading
stations.)
All electrical equipment, such
as motors, switches, etc., as
well as their installation and
use, must fully conform to the
Un<zrwriter’s code.
All tanks should be equipped
with a stripping connection so
that the tank may be com-




pletely emptied for clean'ng,
inspection, of repair.

All liquid bulk storage systems
should be hydrostatically
tested prior to lining, insula-
tion, or use.

All systems, new or old, should
be provided with adequate
waste control and disposal fa-
cilities, as well as sources of air,
water, steam, and clectric
power for both systems opera-
tions and cleaning.

Figure 4 —Isocvavate Comp

Caution

® Toxicology: Virtually all chemi-

cals possess somic degree of
toxicity. Before handling anew
chemical, therefore, it is essen-
tial that its toxicological prop-
erties, as well as any potential
hazards associated with its han-
dling and use, be thoroughly
studied and understood. Based
upon this study, appropriate
health and safety standards
should then be established and
maintained.

Isocyanate: Equipment con-

tent Storage System

taining coppcr, zing, of tin, or
their alioys. including brass,
bronze, or galvanized mate-
rials, should not be exposed to
liquid isocyanate or iis vapors
Also, do not expose cither rub-
ber or synthectics —except
Teflon fluorocarbon or Viton
fluoroelastomer —to  isocya-
nate liquid or vapor.

Silica gel charges: Silica gel
charges in tanks must be re-
moved and the system must be
thorougnly cleaned. dried, and
purged with 1dry pad gas prior
10 vse.




- Appendix A

Suppliers (Bulk
Handling and
Storage)

The following is a representative list
of manufacturers and suppliers of
equipment which may be used in
the design and construction of sys-
tems for bulk handling and storage
of VORANATE T-80 Isocyanate.
(Note: Specific questions about the
specifications or suitability of any of
the products offered by these firms
shouid be addressed to the firm in
question.* The Dow Chemical Com-
pany neither endorses ihe products
offered nor guarantees their

performance. )

COUPLINGS-QUICK

Ever-Tite Coupling Co., Inc.
256 W. 54 St.

New York, N.Y. 10019
212-265-1420

OPW Div. of Dover Corp.
9393 Princeton-Glendale Rd.
PO, Rox 40240

Cincinnati, 0. 45240
$13-870-3100

DRUM FILLING

Berkel Inc.

1 Berkel Dr.

LaPorte, Ind. 46350
219-362-3165

Crandall Filling Machinery,
Inc.

1391 Niagara St.

Buffalo, NY. 14213
716-885-2228

*The names, addresscs, zip codes, and telephone
numbers listed here are accurate as of the date of
publication. For current information, consult
Thomas Register, Standard & Poor’s, ot the Dun
& Bradstrest Reference Book of Manufacturers.

CM. Kemp Mfg. Co.
S. Ferndale
Glen Burnie, Md. 21061

301-761-5100

Lectrodryer Div.

(Div. Ajax Magnethermic Corp.)
P.O. Box 4599

Pittsburgh, Pa. 15205
412-923-2970

Midland Specialties Co.
P.O. Box 247, Dept. TR
Brookfield, Ill. 60513
312-865-0575

Pall Trinity Micro Corp.
Western Rd.

Cortland, NY. 13045
607-756-7535

FILTERS

AMF Cuno Div.

(AMF Incorporated )
402 Rescarch Pky.
Meriden, Conn. 06450
203-237-5541

Commercial Filters Div.
The Carborundum Co.
State Rd. 32W

Lebanon, Ind. 46052
317-482-3900

wela . R AN
FLCTIC LOIp.

Timonium, Md. 210931
301-252-0800

GAF Corporation

Felt & Filter Products Div.
Glenville Station
Greenwich, Conn. 06830
203-531-8807

Milipore Corp.
Wiggins Ave.

Bedford, Mass. 01730
617-275-9200

Ronningen-Petter Div.
(Dover Corporation)
P.O. Box 188

Portage, Mich. 49081
616-323-1313

Crane Packing Co.

6410 Oakton St.

Morton Grove, Ill. 60053
312-967-2400

Flexitallic Gasket Cc.
Point & Linden Sts.
Camden, NJ. 08102
609-963-1120

Garlock Inc.

Mechanical Rubber Division

402 Main St.
Palmyra, NY. 14522
315-597-4811

Johns-Manville
Greenwood Plaza

P.O. Box 5108

Denver, Colorado 80217
303-770-1000

GAUGES, PRESSURE

Dresser Industries, Inc.
Dresser Industrial Valve

& Instrument Div.

250 E. Main St.

Stratford, Conn. 06497
203-378-8281

Ametek Inc.
U.S. Gauge Div.
P.O. Box 152
Sellersville, Pa.
215-257-6531

18960

GREASE LUBRICANTS
(Solvent Resistant)

Penreco

(Div. Pennzoil )

2686 Lisbon Rd.
Cleveland, O. 44104

HEATERS

Crane Company
(Cochrane Environmental
Systems Div.)

Dept. TR

P.C. Box 191

King of Prussia, Pa. 19406
215-265-5050




HEAT EXCHANGERS

American Standard, Inc.
Heat Transfzr Div.

175 Standard Pky.

Buffalo, N.Y. 14227
716-897-2800

Nooter Corp.

1414 S. Third St.

St. Louis, Mo. 63166
314-621-6000

Patterson-Kelley Co.
Div. Taylor-Wharton Co.
Harsco Corp.

115 Burson St.

East Stroudsburg, Pa.
717-421-7500

Smithco Engineering
P.O. Box 7070

602 W. 41 St.

Tulsa, Okla. 74105
918-446-4406

Struthers Wells Corp.
1003 Pennsylvania Ave. W.
P.O. Box 8
Warren, Pa.
814-726-1000

Vilter Mfg. Corp.
2223 S. First St.
Milwaukee, Wis.
414-744-0111

18301

16365

53207

HOSE
(Metal)

Aeroquip Corp.

300 $. East Ave.
Jackson, Mich. 49203
517-783-2585

Federal Hose Man: iacturing
Corp.

23 Florence Ave.

Painesville, 0. 44077
216-352-8927

Fiexonics Division
Universal Oil Products, Inc.
300 E. Devon Ave.

LBartlett, Hl. 606103
312-837-1811

Pennsylvania Flexible Metallic
Tubing Co.

P.O. Box 415-T

Paoli, Penn. 19301
215-644-7400

Universal Metal Hosc Co.
2135 S. Kedzie Ave.
Chicago, Ill. 60623
312-277-0700

HOSE
(Synthetic)

Goodail Rubber Co.
493 Whitehead Rd.
Trenton, NJ. 08604
609-587-4000

Goodyear Tire & Pubber Co.
1144-1 E. Market St.

Akron, O. 44315
216-794-:121

Raybestos-Manhattan
100 Qakview Dr.
Trumbull, Conn.
203-371-0101

Uniroyal, Inc.

1230 Ave. of the Americas
New York, N.Y. 10020
212-247-5060

06611

HOSE REELS

Cli¥ord B. Hannay & Sons,
Inc.

4900 E. Main St.
Westerio, N.Y.
518-797-3791

12193

INSULATION
The Dow Chemical Company

2020 Dew Center

Midland, Michigan 4864C

517-636-1000

Piusburgh Corning Corp.

Dept. TR

800 Presque Isle Dr.

Pitisburgh, Pa.
412-327-6100

15239

JOINTS
(See “SWIVEL JOINTS”)

LEVEL INDICATORS

Emnerson Efectric
VAREC Div.

301 E. Alondra Bivd.
Gardena, Cal. 90247
213-770-1500

LEVEL INDICATORS
(MAGNETIT)

Midiand Mfg. Corp.
7733 Gross Point Rd.
skokie, Ill. 60076
312-677-0333

LEVEL SWITCHES

Magnetrol International
5300 Belmont Rd.
Downers Grove, Iil.
312-969-4000

Nationzl Sonics Corp.
(Div. Envirotech Corp.)
250-T Marcus Blvd.
Hauppauge, N.Y. 11787
516-273-6600

60515

LININGS

Ameron Corp.
(Protective Coatings Div.}
201 N. Berry St

Brea, Cal. 92621
714-625-7741

Bisonite Co., Inc.
2248 Military Rd.
Tonawandz, N.Y.
716-693-6130

Heresite & Chemical Co.
822 S. 14th St
Manitowoc, Wis.
414-684-6646

Wisconsin Protective Coating
Corp.

€16 Elizabeth St
Green Bay, Wi,
414-437-6561

14150

54220

54305




Brooks Instrument
~(Div. Emerson Electric)

407 W. Vine St.

Hatfleld, Pa. 19440

215-368-2000

The Foxborw Company
86 Neponset Ave.
Foxboro, Mass. 02035
617-543-8750

Halliburton Services

(Div. Halliburton Company)
427 S. Boston St.

Tulsa, Okla. 74103
918-587-3117

Liquid Controls Corp.
P.O. Box 101

N. Chicago, . 60064
312-689-2400

Rockwell Manufacturing Co.

562 N. Lexington Ave.
Pittsburgh, Pa. 15208
412-247-3500

Smith Meter Systems
(Div. Geosource Inc.)
1602 Wagner Ave.
Erie, Pa. 16512
814-899-0661

MOISTURE DETECTORS

Beckman Instruments Inc.

2500-TR Harbor Blvd.
Fullerton, Cal. 92632
714-871-4848

E.L duPont de Nemours &
Co., Inc.

1007 Market St.

Wilmington, Del. 19898
302-774-2421

San Gabricl, Cal. 91776
213-576-1633

PUMPS
(Canned)

Crane

(Chempump Div.)

Dept. TR

Warrington Industrial Park
Warrington, Pa. 18976
215-343-6000

PUMPS
(Centrifugal)

Allis-Chalmers Corp.
(Custom Pump Div.)
P.O. Box 512
Milwaukee, Wis. 53201
414-475-4479

Goulds Pumps, Inc.
240 Fall St.

Seneca Falls, N.Y. 13148
315-568-5811

The Duriron Company, Inc.
N. Findlay & Thomas Sts.
Dayton, O. 45401
513-226-4000

Ingersoll-Rand
Woodcliff Lake, NJ. 07675
201-573-0123

PUMPS
(Positive Displacement)

Blackmer Pump

(Div. Dover Corp.)

1809 Century Ave., S.W.
Grand Rapids, Mich. 49509
616-241-1611

Roper Pump Co.
P.O. Box 269

Commerce, Ga. 30529
404-335-5551

viking Pump

(Div. Houdaille Industries, Inc.)

George & Wyth Sts.
Cedar Falls, lowa 50613
319-266-1741

Waukesha Foundry Co., Inc.
(Div. Abex Corp.)

$510 Lincoln Ave.

Waukesha, Wis. 53186
414-542-0741

Zenith Products Co.

428 Cherry St.

West Newton, Mass. 02165
617-244-1707

REFRIGERATION UNITS

Carrier Air Conditioning Co.
(Carrier Corp.)
Carrier Pky.

Syracuse, N.Y. 13201
315-432-6000

Dunham-Bush, Inc.

178 South St.

West Hartford, Conn. 06110
203-249-8671

Ronningen-Petter Div.
(Dover Corp.)

P.O. Box 188

Portage, Mich. 49081
616-323-1313

Vilter Mfg. Corp.

2223 S. First St.
Milwaukee, Wis. 53207
414-744-0111

SAFETY EQUIPMENT

American Optical Corp.
(Safety Products Div )

14 Mechanic $t.
Southbridge, Mass. 01550
617-765-9711

Bausch & Lomb Inc.
(Ophthalmic and Consumer
Products Div.)

1400 N. Goodman St.
Rochester, N.Y. 14602
716-338-6000

E.D. Bullard Co.
2682 Bridgeway
Sausalito, Cal. 94965
415-332-0410

Mine Safety Appliances
Company

408 Penn Center Blvd.
Pittsburgh, Pa. 15235
412-241-5900




AMF Cuno Div.

(AMF Incorporated)
400 Research Pky
Meriden, Conn. 06450
203-237-5541

OPW Div. of Dover Corp.
9393 Princeton-Glendale Rd.
P.O. Box 40240

Cincinnati, 0. 45240
513-870-3100

SWIVEL JOINTS
Continental-Emsco

(Youngstown Sheet & Tube Co.)

P.O. Box 359
Dallas, Texas 75221
214-747-9261

FMC Corporation
Fluid Control Operation
10516 Old Katy Rd.

P.O. Box 19465
Houston, Texas 77024
713-461-3100

SYNTHETICS
E.L. duPont de Nemours &

N T
NAFe.y RERG.

1007 Market St.
Wilmingion, Del. 19898
302-774-2421

TANKS

Ruffalo Tank Div.
south Ave.

Dunellen, NJ. 08812
201-968-5200

TAPE

E.L. duPont de Nemours &
Co., Inc.

1007 Market St.

Wilmington, Del. 19898
302-774-2421

30

THERMOMETERS

almer Instruments, Inc.
5131 Wasson Rd.
Cincinnati, 0. 45209
513-871-7800

Precision Thexmometer &
Tast. Co.

1020 Industrial Highway
Southampton Industrial Park
Southampton, Pa. 18966
215-355-1500

(Note: Most manufacturers of
thermometers also supply
thermowells.)

VALVES

Aloyco Inc.

1400 W. Elizabeth Ave.
Linden, NJ. 07036
201-925-4600

Crane Co.

300 Park Ave.

New York, NY. 10022
212-752-3600

Hills-McCanna Company
400 Maple Ave.
Carpentersville, Ill. 60110
312-426-4851

Jamesbury Corp.

659 Lincoln St.
Worcester, Mass. 01605
617-852-0200

KTM Industries Inc.
6904 Harwin Dr.
Houston, Texas 77036
713-781-8543

The Lunkenheimer Co.
Beekman St. at Waverly Ave.
Cincinnati, O. 45214
513-921-3400

VALVES (CONTROL)

Fisher Controls Co.

1900 Fisher Bldg.
Marshalltown, Jowa 50158
515-754-3556

Masoneilan International, Inc.
63 Nahatan St.

Norwood, Mass. 02062
617-762-4600

VALVES (REFLIEF/VENTS)

Crosby Valve & Gage Co.
43 Kendrick St.
Wrentham, Mass. 02093
617-384-3121

Johnston & Jennings Co.
(Pettibone-Mulliken Corp.)
4700 W. Division St.
Chicago, IIl. 60651
312-772-9300

Midland Specialties Co.
P.O. Box 247, Dept. TR
Brookfield, . 60513
312-865-0575

The Protectoseal Co.
227 Foster Ave.
Bensenville, ll. 60106
312-595-0800

Vapor Recovery Systems Co.
(Varec Division Emerson Electric
Co.)

301 E. Alondra Blvd.

Gardena, Cal. 90247
213-770-1500

VAPOR DETECTORS

MDA Scientific, Inc.
808 Pusse Highway
Park Ridge, li. 60068
312-696-4250

Nationai/Draeger, Inc.
401 Parkway View Dr.
vittsburgh, Pa. 15205
412-787-1131




Appendix B

Equipment
Manufacturers and
Suppliers
(Respiratory
Protective
Equipment)

The following list of manufacturers
and suppliers* of NIOSH approved
respiratory protective equipment
was obtained from the National In-
stitute For Occupational Safety and
Health, Morgantown, West Virginia
26505.

Acme Automotive Finishes
101 Prospect Ave.
Cleveland, O. 44115
216-566-3076

American Optical Corp.
Safety Products Division
14 Mechanic St.
Southbridge, Mass. 01550
617-765-9711

Anderson Manufacturing Co.
1014 Fox Chase Road
Rockledge, Pa. 19111
215-379-8080

Franklin Park, 1ll. 60131
312-671-3000

BioMarine Industries, Inc.
88 Great Valley Center
Malvern, P2. 19355
215-647-7200

Bowen Tools, Inc.
2429 Crockett St.
P.O. Box 3186
Houston, Texas 77001
713-869-6711

*The names, addresses, zip codes, and telephone
numbers listed - ere are accurate as of the date of
publication. For current information, consult
Thomas Register, Standard & Poor’s, of the Dun
& Bradstreet Referesice Book of Manufacturers.

Bullard, E.D., Co.
2682 Brid
Sausalito, Cal. 94965
415-332-0410, Ext. 1000

Cesco Safety Products
(Parmelee Industrices, Inc.)
100 E. 16th St.

Kansas City, Mo. 64108
816-842-8500

Clemco Industries
Jerrold at Upton
San Francisco, Cal. 94124
415-282-7290

Cover, H.S., Company
109 E. Alexander St.
Buchanan, Mich. 49107
616-695-9663

Deane & Company
190 Oneida Drive
Pt. Claire, Quebec,
Canada H9RIAS
514-697-3730

DeVilbiss Company
P.O. Box 913
Toledo, O. 43692
419-470-2169

Eastern Safety Equipment Co.,
Inc

45-17 Pearson St.
Long Island City, N.Y. 11101
212-392-4100

RBmnies Aheracive Randinment
mocee Aoragive Squipment

Corp.
9992 Gantry Rd.
Philadelphia, Pa. 19115
215-676-7700

Encon Manufacturing Co.
P.O. Box 3826-TR
Houston, Texas 77001
713-869-9558

The Fibre-Metal Products Co.

P.O. Box 248
Concordville, Pa. 19331
215-459-5300

Glendale Optical Co., Inc.
130 Crossways Park Dr.
Woodbury, N.Y. 11797
516-921-5800

Globe Safety Products, Inc.
125 Sunrise Place

Dayton, 0. 45407
513-224-7468

Kelco Sales & Engineering Co.
Front St. & Paddison Ave.
Norwalk, Cal. 90650
213-868-9861

Mine Safety Appliances Co.
408 Penn Center Blvd.
Pittsburgh, Pa. 15235
412-241-5900

National / Draeger, Inc.
401 Parkway View Dr.
Pittsburgh, Pa. 15205
412-787-1131

Norton Company
Safety Products Division
2000 Plainficld Pike
Cranston, R1. 02920
401-943-4400

Pauli & Griffin Co.
137 Utah Ave. at Wattis
South San Francisco, Cal. 94080
415-873-4540

Pulmosan Safety Equipment
Corp.
30-46 Linden Place
Flushing, N.Y. 11354
212-939-3200

Quaker Siate Machine &
Supply Co.
P.O. Box 605-T
Rushland, Pa. 18956
215-598-3222

Robertshaw Controls Company
333 N. Euclid Way
Anaheim, Cal. 92803
714-535-8151

Safe-Tex Manufacturing Co.
15 Brandon
Toronto, Ontario, Canada
416-534-4223

Scott Aviation
(Div. of A-T-O Inc.)
2225 Erie St.
Lancaster, NY. 14086
716-683-5100




Sicbe Gorman Holdings Lud.
Neptune Works Davis Road
Chessington Surrey,

England KT9

Selistrom Mfg. Co.
221 S. Hicks Rd.
Paiatine, Ill. 60067
312-358-2000

Stewart-Warner
1826 W. Diversey Pkwy
Chicago, Ill. 60614
312-883-6000

SurvivAir
(Div. US. Divers Co.)
3323 W. Warner Ave.
Santa Ana, Cal 92702
714-540-8010

3M Company
3M Center
St. Paul, Minn. 55101
612-733-1110

United States Safety Service Co.

1535 Walnut St.
Kansas City, Mo. 64108
816-842-8500

Welsh Manufacturing Co.

(See Norton Company)

Willson Products Division

ESB Inc.

P.O. Box 622
Reading, Pa. 19603
215-376-6161
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404-394-4141
504-293-2222
617-237-2070
704-525-9030
312-391-4700
513-793-6200
216-826-6000
214-387-2211
313-358-1300
616-949-900G
713-626-3170
317-€73-7000
913-341-2500
213-577-1615
901-767-5000
612-938-4300
201-845-5000
412-281-3030
804-288-1601
716-425-1200
314-726-5000
415-944-2000
206-455-7250
203-353-3300

Suite 2005, 20 Perimeter Center East, Atianta, GA

4150 S. Sherwood Forest Bivd., Suite 101, Baton Rouge, LA

20 William St., Wellesiey, MA

2 Woodiawn Green, Woodlawn Road, Charlotte, NC

1400 East Touhy Ave., Des Plaines, IL

Whitehall Park, 8050 Hosbrook Road, Cincinnati, OH

14955 Sprague Road, P.O. Box 8800, Strongsville, OH

12700 Park Central Place, Suite 600, Dallas, TX

Travelers Tower, Suite 415, 26555 Evergreen Road, Southtield, MI
611 Cascade West Parkway S.E., Grand Rapids, M|

P. 0. Box 3387, Attn: Saies Office, Houston, TX

INDIANAPOLIS ...........cocciieviee e P.0. Box 68511, 9550 N. Zionsville Road, indianapolis, IN
Suite 160, 10890 Benson Drive, Shawnee Mission, KS

Park 80 Plaza East, Saddle Brook, NJ

PHILADELPHIA .. ..o ittt iiiiitaansenrserassuoneseonnnsnsanannes P. O. Box 350, Moorestown, NJ
Four Gateway Center, Suite 1313, Pittsburgh, PA

1603 Santa Rosa Road, Richmond, VA

400 Perinton Hilis Office Park, Fairport, NY

800 Pierre Laclede Center, 7733 Forsyth Blvd., St. Louis, MO

2800 Mitchel! Drive, Wainut Creek, CA

777—106th Ave., N*E., Bellevue, WA
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NOTICE — This information is presented in good faith, but no warranty, express or implied, is given nor is freecom from any patent
owned by The Dow Chemical Company or by others to be inferred. inasmuch as any assistance furnished by Dow with reference to
the proper use and disposal of its products is provided without charge, Dow assumes no obligation or liability therefor.
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