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Mr. Martin Greif

Executive Secretary

TSCA Interagency Testing Committee
Environmental Protection Agency (T3-792)
401 M Street, S.W.

Washington, D.C. 20460

Dear Mr. Greif:
Thank you for the opportunity to provide information to hesS

Interagency Testing Committee on dicumyl peroxide (CAS #80-43- ) and
cationic acrylamide polymervtcls‘#26006-22-4).f“Confidential n

infermation will be sent separately. - - .

Cumyl peroxide [80-43-3]

This substance is sold as Di-Cup dicumyl peroxide.
Enclosed are the following technical bulletins:

ORC-201G  Di-Cup® Dicumyl Peroxide Vulcanizing Agent and
Polymerization Catalyst

ORC-202C Di-Cup® Dicumyl Peroxide Safety Aspects of
Storing and Handling 55-Gallon Shipping Containers

ORC-203D Di-Cup® Dicumyl Peroxide Summary of Hazard Tests
ORC-204E Di-Cup® Dicumyl Peroxide Toxicology

ORC-208 Di-Cup® Peroxide Semibulk Container Melting and
Handling System »

OR-614 Di-Cup Material Safety Data Sheet.




-T2 tbyl'l-oxo-z-propenyl)oxy]-
p‘.penamide [26006-22-4)

a variety cf tradenames.

nd o'. Reten 220, and Reten 240
"-The products differ in cationic
3ed»you will- find the following technical

,'Reten@ 210 and 220 Cationic Water-Soluble Polymers
““Preparation of Solutions of RétenG Polymer

- Reten® 210 Material Safeﬁy Data;sheet.

R | f;ust thié information will be helpful in your evaluation.
R Sincergly,
2o
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’ Judith A. DeFranco
Regulatory Specialist
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Technical Information

BULLETIN VC-471B
(Supersedes VC471A)

PREPARATION OF SOLUTIONS OF RETEN® POLYMER

This bulletin discusses the preparation of solutions of RETEN® polymer for use in the plant and
laboratory. Suitable types of equipment and preferred procedures are emphasized.

Reten polymer products are a series of high molecular weight, water-soluble, acrylamide-
based homopolymers and copolymers in powder form. When solutions are required, proper
makeup and metering procedures are important to ensure successful use of all the properties of
the polymer.

These products are available as anionic, nonionic, and cationic polymers for use in aqueous
systems as thickeners, flocculants, friction reducers, film-formers, retention aids, and adhesives.
Product information on this series of polymers is available from the saies offices listed on the
back page of this bulletin.

CONTENTS

GENERAL CONSIDERATIONS IN SOLUTION PREPARATION
Dispersing the Polymer
Water Quality
Solution Storage
SCLUTION PREPARAT
PSP® Feed Unit
Polymer Eductors — Hootenanny

Makeup Procedure

Final Dilution

Equipment
SOLUTION PREPARATION IN THE LABORATORY
PRODUCT HANDLING AND DISPOSAL
PRODUCT SAFETY

SALES OFFICES

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products, may be used. We accept no responsibility for results obtained by the application of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their own tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume ali responsibility and
liability for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products.

HER, 27477 ' PRINTED N USA




e The chemlcal composmon of the Reten polyraer, together with the fact that the polymer

e af onionic, or cationic, m'lposcs a number of conditions that must be met if good-

. solutions_are: to be prepared -in the shortest possible time. Consequently, the rate of

-solubility of these polymers is generally dependent on the following:

® Good initial dispersion to obtain uniform wetting of the particles without lump formation.

" o Moderate agitation during solution preparation to ensure complete hydration of the particles
- and thus avoid leaving residual gels in the system. (High-shear agitation should be avoided, as
~ this can result in polymer degradation and some reduction in solution viscosity.)

® Use of clean water, free of contaminants that would be ionically incompatible with the par-
ticular Reten polymier being dissotved.

-~ '®_Proper consideration of solids concentration, water temperature, and pH of the solution.
Dispersing the Polymer
A number of procedures can be used to obtain good dispersion of the dry polymer and avoid
formation of swollen lumps. which are slow to dissolve. Do not add water to the dry powder or
dump the powder into warer, as this results in undesirable lumping.
To prepare large volumes of solution, disperse the dry polymer with a suction-lift eductor.
Several types of these eductors are described in this bulletin.
If an eductor is not available, other procedures can be employed to achieve good initial
dispersion of the dry powder. Some of these procedures are:

o Carefully sift the Reten polymer 1.0 the vortex of well-agitated water. The rate of addition
must be slow enough to permit the particles to separate in the water without lumping.
Complete the powder addition before any appreciable viscosity buildup is obtained in the
solution. The rate of agitation can then be reduced, but it should be continued until a smooth,
gelfree solution is obtained. Avoid agitation involving high rates of shear, as this can result in
polymer degradation and reduced viscosity and flocculation efficiency.

® Dry-blend the Reten powder with any inert, or nonpolymeric soluble material such as sugar or
salt that will be used in the formulation. Blending aids separation of the particles as they are
first wetted, and reduces the tendency to lump. For best results, Reten polymer should
comprise less than 20% of the total dry blend. This blend is then handled as described in the
paragraph above.

® Slurry the Reten powder in a liquid that is a nonsolvent for the Reten, but miscible with
water. In this manner, the particles of Reten can be rapidly dispersed in water and lumping
will not occur. Suitable nonsolvents include acetone, alcohols, and propylene glycol.

Water Quality
Use clean, high-quality makeup water for preparation of Reten polymer solutions. The water
should be free from suspended matter, dissolved salts, organic material, and chlorine. For best
results, the hardness should be less than 100 ppm and the residual chiorine less than | ppm.
Contaminants in the water can interact with the polymer to form insoluble flocs, reduce viscosity,
and impair polymer efficiency.
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Extremes of pH can adversely affect the viscosity and storage stability of Reten polymer
solutions. The optimum pH range for each Reten polymer is given in separate product bulletins.
Generally, a pH below 5 and above 10 should be avoided.

A water temperzture of 5¢ to 90°F (10 to 32°C) is recommended. Temperatures above
100°F 138°C) shouid be avoided because they promote polymer degradation.

Solution Storage
Reten polymer solutions of greater than 0.5% solids concentration can usually be stored for

several days at room temperature without reducing their effectiveness. Avoid storing polymer
solutions at temperatures above 100°F. Diluted solutions (0.1% solids) are less stable and must be
used within a few hours.

The Reten polymer itself does not support the growth of microorganisms, but some waters
contain enough organic matter to support bacterial growth. If microbial activity is evident, use a
suitable pactericide. Your Hercules representative can suggest one that will be compatible with

yOUr proeess.

SOLUTION PREPARATION IN THE PLANT

A typical system for preparing large volumes of dilute solutions of Reten polymer for plant
operations is shown schematically in Figurs 1. it includes a preparation tank, storage tank,
propeller or turbine agitator, transfer and metering pumps, Reten polymer eductor, and water
dilution eductor. If necessary, suitable filters can be used to ensure solutions free of gels or

particulate matter.

Figure 1
Typical Reten Polymer Solution Preparation System

Dilution
Polymer Eductor Water

.(See Figure 2.) Filters
(Optionz )

Screen

Water at 30-60 psi (10 Mesh}
(0.2-0.4 MPa) | I /
I Screens

' Agitator (60 Mesh)

Dilution
Eductor
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Storage To Process
Tank -

Reten Polymer Solution

‘ Drain Metering
Pump




convemenee of an autommc system Hercules offers the PSP (polymer
solution preparation) system. The PSP unit adds a Reten polymer feeder with hopper, feed
:-screw, and-air eductor, plus tank level indicators and an electrical control panel, to the basic
o er makeup system shown in Figure 1. The PSP unit requires initial calibration to set cycle
~ " times and tank liquid levels. it will then operate automatically. Operator attention is needed
~only to fill the hopper wrth polymer A schematic of the PSP unit and its operatron is shown

i i 'm F'.ure 2
Figure 2
Polymer Feeding and Wetting Technique
Pc.ymer Wate:
Eductor
Preparation Tank

Hercules brochure 750-16 describes the PSP system in more detail. Con.act your Herc:..es
representative for additional information.

Polymer Eductors

Several mixing devices are available that allow polymer granules to wet properly and thus avoid
formation of difficult-to-dissolve agglomerates. The eductors shown in Figure 3 are recommendec
for use with Reten polymer and are available from your Hercules rep- esentative.

The most common and trouble-free mixing devices are the Hootenanny® and the Fenberth:
62DP.2 Either of these units is connected to an adapter consisting ¢f a C-clamp, flow control
valve, pressure gauge, and suitable pipe reducers. A length of vacuum hose connected io the top
of the eductor can be placed directly in a bag to remove the polymer by suction. This eliminates
the dust that is sometimes caused when polymer is poured from one container to another.

Polymer mixing devices that employ a funnel to feed the powder to the water eductor are
considered less suitable for handling Reten than the suction-feed types described above. However,
if a funnel-feed unit is desired, it can be obtained from your Hercules representative. The
Penberthy and Hootenanny eductors can also be fitted with a funnel instead of a suction hose.

e, E. Hooten Company, Miami, FL.
mmmy Division of Houdaille industries, Inc., Prophetstown, IL.




Figure 3
Hoolenanny and Penberthy 62DP Polymer Mixing Devices

Material List

D Coupling, swivel

@ Tee, reducing (IPS), 1 X 1 X Y-in.

(@ Pressure snubber

@® Dole flow control vaive, Hootenanny = 25 gpm
(® Pressure gauge

® 1-in. pipe nipple (IPS}

@ 1-in. pipe nipple (IPS)

® C-clamp

@® 1 X ¥-in. reducing coupling (IPS)

@ ¥,-in. pipe nipple (IPS)

Notes
(A1t eductor has air bleedholes,

they must be plugged off.
(8 Attach 3-in.-1D Tygon tubing

for Hootenanny.

Attach '4-in.-1D Tygon tubing

for Penberthy 62DP.

Makeup Procedure

Calculate the quantity of Reten polymer to be us:¢ and weigh it, or adjust the scale to re-
balance when the proper weight of polymer has becn r-moved from the bag. An initial solution
concentration oi 0.4 to 0.5% solids by weigi.. is reco.nmended; £.3 to 0.6% solids is considered
acceptable, however. If tank size permits, it is betier t~ use a full bag for each batch to eliminate
moisture absorption and contamination of the material held over in an already-opened bag.

Check the preparation tank and rinse it free of dirt. Add enough clean water to cover the
lower agitator blade. Turn on the agitator and start the water through the eductor.

Water pressure through the Penberthy eductor should be regulated at 20 to 40 psi. This will
give a waterflow rate of approximately 16 gallons per minute and a Reten polymer feed rate of
about 6 pounds per minute. The Hootenanny is a slightly larger unit and can be operated at a
flow rate of up to 20 gallons per minute to give a somewhat high feed rate for the Reten. The
feed rate of Reten is influenced by the length of the hose and the amount of lift required to get
the powder to the eductor. Excessive water pressure should be avoided, as this can result in
splashback and subsequent plugging of the eductor by wet powder.

Begin to feed Reten polymer through the suction hose and watch that dry polymer flow is
not interrupted before the full amount is added. Polymer addition will be complete before
significant solution viscosity develops. ‘

Turn off the waterflow through the eductor when polymer addition is complete. Continue
adding water from the direct line until the full batch volume is reacked. Stir the solution for 30
to 60 minutes until all particles dissolve and a smooth, clear solution is obtained.

Shut off the agitator anA transfer the solution from the preparation tank tc a storage tank
when space is available. Aftc olution preparation is complete, no further agitation is required.




polymer solutlons are no more corrosive than the water used in their pieparation, so

- :sundard materials of construction can be used. Suitable materials for tanks include fiberglass-

- reinforeed: polye;tgr (FRP); epoxy resin, polyethylene resin, iigid PVC resin, or stainless steel.
.~ Mild steel is"acceptable if it has been coated with a suitable rust-resistant paint. Suitable piping
, com'pbne'nt's' can be selected from FRP, rigid PVC, ABS, or polybutylene. In areas where
mstmg is not likely to occur. black or galvanized iron piping is acceptable.
‘Size the preparation tank to supply at least 2 hours’ needs. A storage tank should have at
~ least 150% of the preparation tank’s capacity. If a system is designed to both mix and meter
from the same tank within a group of tanks, choose a tank with a capacity that allows enough
time for preparation and mixing of each batch before it is again put on-line for use.

A tank large enough to use a full 50-pound bag of Reten polymer for each baich reduces
producl spillage, contamination, and moisture pickup in the partially used bag. A working
capacity of 1,200 gallons is needed to prepare a 0.5% solution from a 50-pound bag. To allow

" sufficient freeboard for mixing, a tank’s working capacity is usually 5 to 10% less than the
actual tank capacity.
. Follow the recommendations of your Hercules representative in selecting the correct sizes

. of agitator and pumps for your system. The agitator must be large enough to draw a good

vortex in a half-filled tank, yet not overload as solution viscosity increases during makeup.
‘Use a low-shear centrifugzl purp or gravity flow to transfer solution from the preparation
tank to the storage tank. Use a positive-dispiacement, variable-speed gear or piston pump to

meter solunon from the storage tank to the process. To reduce degradation in the polymer,
marmdel gllgnr Lh‘gnnunm’ and ?_nm%

LA Ve Shear in tme S

Install a 10-mesh screen at the inlei to the storage tank to collect any foreign material or
undissolved polymer. If completely gelfree solutions are needed, use in-line 60-mesh cartridge
filters after the polymer has been diluted with water.

A platform scale, hook scale, or similar weighing device will be needed to weigh the
polymer before and during batch preparation. A scale is not necessary if full bags are used for
each batch.

SOLUTION PREPARATICA IN THE LABORATORY
Small quantities of Reten polymer solution can be prepared by any of the procedures described
on page 2 for dispersing the polymer without an eductor.

Solutions to be stored should contain at least 0.56 Reten solids, and the storage time is
extended if they are stored cold. If solutions below 0.2% solids are to be used, they should be
prepared fresh or from stock solution on a daily basis. The precautions already described
regarding water purity, pH, temperature, preservatives, and avoidance of high-shear agitation
should be observed.

When the dry polyme- is to be added directly to stirred water, lumping can be avoidsd by
slowly flowing the powder into the shoulder of the vortex. Continue stirring at moderate speed
until a smooth, gelfree solution is obtained. If the solution is not complete in 30 to 60 minutes,
allow it to stand for an hour, then stir it again. Lumping can be avoided if thr 2eten powder
can be slurried in a nonsolvent such as alcohol before it is added to the stirred water.
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In some cases, it may be possible to dry-blend the Reten with inert carrier materials before
solution preparation. This assists particle dispersion, particularly if the Reten is iess than 209 of
the weight of the dry blend. Reten powders are hygroscopic and shculd be kept in closed
containers to maintain their good dry-flow properties.

PRODUCT HANDLING AND DISPOSAL
Solutions prepared from Reten polymer are very slippery. Care mus: be taken to prevent spills
or leaks around the solution .reparation equipment.

If dry Reten povsder is spilled, promptly sweep it up and dispose of it. If the powder be-
comes wet, it will becoine very slippery. Use an absorbent and swecp up the residue for disposal.

PRODUCT SAFETY

Reten polymers have a low order of toxicity and are not primary skin irritants or sensitizers.
They car be handied with the normal precautions used for most industrial chemicals. A
Material Safety Data Sheet should be obtained beforc using any Reter polymer product.
Contact the appropriate sales office listed at “he end of this bulletin.




~ SALES OFFICES
Akron, OH 44313
3200 West Market Street

“'Suite 201 -
Phone: (216) 867-3271

Atlenta .

Norcross, GA 30071

3169 Holcomb Bridge Road
Suite 700

Phone: (404) 447-8120

Bedtord, NH 03102
Bedford Executive Office Park
Phone: (603) 623-7210

Chariotte, NC 28218
4433 Brookshire Boulevard
Phone: (704) 394-7151

Chicago

Naperville, IL 60540

One Energy Center

300 East Schuman Boulevard
Phone: (312) 887-3000

Chicopee, MA 01021
P.O. Box 300
Phone: (413) 536-6426

Cincinnati, OH 45241
4050 Executive Park Drive
Suite 122-124

Phone: (513) 769-4111

Dallas, TX 75243

9441 LBJ Freeway and Abrams
Suite 518

Phone: (214) 669-3131

Green Bay, Wi 54302
1841 Sal Street
Phone: (414) 468-58421

Kalamazoo, M| 49005
P.O. Box 1027
Phone: (616) 343-6161

Mobile, AL 36609
524 Boulevard Park, West
Phone: (205) 344-1101

Paramus, NJ 07652
Mack Center 1l

From Road

Ground Floor

Phone: (201) 261-0602

Portiand, OR 97208
P.O. Box 2723
Phone: (503) 224-1200

San Francisco, CA 94111
One Maritime Plaza
Golden Gateway Center
Suite 1250

Phone: (415) 986-2535

Shreveport, LA 71105
2001 East 70th Street
Suite 407

Phone: (318) 797-8479

Wiimington, DE 19899
300 Delaware Avenue
16th Floor

Phone: (302) 575-5700

inquiries may also be sent to:

Austraila . Colombia Mexico
A. C. Hatrick Chemicals Pty. Ltd. Quimica Hercules Andina S.A. Quimica Hercules, S.A.de C.V.
49-61 Stephen Road Apartado Aereo 29707 Meichor Ocampo 469-601
P.O. Box 5% Bogota Mexico (5) O.F.
Botanv NS W 2019 I _— L
i Finlang The Hetherianas
Brazil . Oy Hercofinn Ab Hercules BV
Hercules do Brasil Produtos Mannerheimintie 14A Veraartiaan 8
Quimicos Ltda. 00100 Hetsinki 10 Postbus 5822
Av. Brigadeiru Faria Lima, Fra 2280 HV Rijswijk
1664—15th Floor nce
Caixa Postal 1524 Hercules France S.A. New Zealand o
01452 Sao Paulo Tour Albert ter A. C. Hatrick (N.Z.) Limited
92507 Rueil-Malmaison Cedex 22 York Street
Canada Ge P.O. Box 2359
Hercules Canada Limited ""1"’ GmbH Parnell, Auckland 1
1245 Sherbrooke West Hercules Gm .
P.O. Box 610, Station H Curslacker Neuer Deich 66 Nicaragua )
y Postfach 800320 Hercules de Centroamerica S.A.

Montreal, Quebec H3G 2L5

Phone: (514) 284-3430 D-2050 Hamburg 80, West Germany Apartado 3272
) Japan Managua
Hercules Canada Limited Hercules Far East Limited Sweden

56 Aberfoyle Crescent Pola Aoyama Building—5th Floor Hercules Kemiska AB

;:'g‘r:.o ( 32;2%%_“;:}52““ §-17 Minami Aoyama 2-Chome P.O. Box 4, Importgatan
' Minato-ku, Tokyo S$-42202 Hisings Backa 2, Goteborg

582 United Kingdom
Hercules Limited
20 Red Lion Street '
London WC1R 4PB, England

Hercules Incorpoiated
Water-Soluble Polymers
Worldwide Business Center
910 Market Street
Wilmington, DE 19899

m




echnical Information

BULLETIN ORC-201G
(Supersedes ORC-201F)

DI-CUP® Dicumyl Peroxide
Vulcanizing Agent and Polymerization Catalyst

DI-CUP® dicumyl peroxide is used as a high-temperature catalyst in the rubber and plastics
industries. Compounds containing Di-Cup are normally processed ai temperatures up to 250°F
(12'°C) and can be cured at temperztures above 300°F (149°C).

Grades

Di-Cup is available in severa' commercial forms to suit its varying uses. Tatle [ ds’; thase
grades and gives their purity, composition, and specific gravity. The molecllar lighe
dicumyl peroxide is 270: its structural formula is shown below.

Specific Gravity
Grade Purity and Composition at 25/25°C

Di-Cup T 94-97% active dicumyl! peroxide 1.02
Di-Cup R 98-100% active dicumyl peroxide 1.02
Di-Cup 40C 39.5-41.5% active dicumyl peroxide sup-
ported on precipitated calcium carbonate 1.57 (calculated)
Di-Cup 40KE 39.5-41.5% active dicumyl peroxide sup-
ported on Burgess KE clay 1.55 (calculated)

‘ We cannc o. ‘iripate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products may be used. We accept no responsibility for results obtained by the application of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their own tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liability for loss or damage asising from the handiing and use of our products, whether used alone or in combination with other products.

Table |
Commercially Available Grades of Di-Cup

- HER. 27477 . PRINTEDINUSA I



Ry D:-CupT,n ,p;igiyelidw,—futed, umicMnlﬂné solid, slowly melts at temperatures around
- 85°F 30°C). Di-Cup R, a pale yellow to white granular solid, slowly melts at 100°F (38°C).
~ .Di-Cup 40C and Di-Cup 40KE are free-flowing off-white powders under normal storage condi-

. tions. Tests have shown that these materials do not lump or cake below 100°F (38°C).

Di-Cup at practical use concentrations is soluble in a variety of organic compounds, as shown
in Table II. In addition, Di-Cup is soluble or disperses readily in natural and synthetic rubber
. compounds, silicone gums, and polyester resins. It is soluble in vegetable oils and insoluble in

Use of DI-Cup

~ water.
: Table Il
Solvents for Di-Cup T and DI-Cup R
Wt % of Di-Cup in a Saturated Solution
~- At Room At Freezing
~ Temperature, Temperature,
Solvent 70-80°F (21-27°C) 25-35°F (-4 10 2°C)
Cyclohexane 80 70
Xylene 70 50
alpha-Methyistyrene 70 45
tert-Butylbenzene 65 <60
Isopropyi ether 80 <75
Dioxane 75 <70
Amy! alcohol <60 <60
Diacetone alcohol <70 <60
Cumene hydroperoxide 60 <50
Carbon tetrachloride <75 <75
Trichloroethylene <75 <75
Sicclyt phthalats §5-60 <i0

Di-Cup can be used to cross-link a wide variety of polymers. In developing a new formulation
using Di-Cup, the following basic compounds can be used as a starting point:

Polymer
Filler

Zinc oxide
Antioxidant
Di-Cup 40KE

(0)eppM, EPM, CSM, phr

VMQ, BR, phr
All other materials, phr

Parts by Weight

100
Variable
5.0

0.5
(@

6.0-8.0
1.25-25
25-50
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Typical results using this basic formulation are shown in Table 1iy Egvivalent lcve. [active
ingredient basis) of the various form. of Di-Cup are listed below:

1.0 part Di-Cup R 1.08 parts Di-Cup T
1.0 part Di-Cup R = 2.4 parts Di-Cup 40C and 40KE

1.0part Di-Cup T = 0.92 part Di-Cup R
1.0part Di-Cup T = 2.26 parts Di-Cup 40C and 40KE

1.0 part Di-Cup 40C and 40KE = 0.41 part Di-Cup R
1.0 part Di-Cup40C and 40KE = 0.44 part Di-Cup T

Table Il
Basic Formulations and Properties
for Typical Rubbers Cured With Di-Cup

epOM(®) NR(©) CR() NBR(®)

Polymer X 100.0 100.0 100.0
HAF Black . 500 50.0 X 30.0
Agerite Resin DM . 0.5 05 . 05
Zinc oxide X 5.0 5.0 : 5.0
Di-Cup 40KE . 6.8 45 . 45

Cure time, min 30 20 25
Cure temperature, °F (°C) 330 (166)

Tensile strength, psi (MrPa) 1,200 (8.2) 243G (16.7) 2,700(186) 2,785(19.2) 3,100 (21.3) 2,810(.9.3) 3,240 (22.3)
100% modulus, psi (MPa) 150 (1.0) 380 (2.6) 460 (3.1) 380 (2.6) 3356 (2.3) 1,050 (7.2) 860 (5.9)
200% modulus, psi (MPa) 320 (2.2) 1,430 (9.8) 1,525 (10.5) - - 1,120 (7.7) - - 2,675 (18.4)
‘longation, % 500 280 275 190 345 185 230

2n n
i3 A4

n an an -e on
a9 oo ou i v

(3)vistaion 404 {Exxon Chemical).
)Nordet 1040 {Du Pont).
CINo. 1 smoked sheet.
(d)Neoprene wW.
(€} ycar 1032 (B. . Goodrich).
) SBR 1500.
(9 agiprene C (Du Pont).
)R. T. vanderbilt Company, Inc.




oy Eharnoily when heated 10 form PEICXV radlcals that in turn, - abstract

hydr-u;en fnom the pol _,mer backbn e, formmg polymer radicals. A combination of two of these

polvn‘ﬂr i results in a cvoss-link. In generai, the cure rate (or rate of cross-linking) is
equivzient to the rate ol [i-Cup veroxide thermal decomposntlon The rate of Di-Cup cure,

- ‘therefore, . is- pnmmly .dependent on cure temperature and is predictable for each polymer

system “Care shovid be e\ercnsed to dxfferentnate between rate of cure and state of cure. In a
gwen polymer. rate of cur- with Di-Cup is affected primarily by temperature, while state of cure

“is influenced by the leve oi Di-Cup and many other factors.

mphstn.ally stated, the only tstor affecting the rate of peroxide thermal decomposition
and, therefore, curz raie, is temperature; however, the polymer or mecium in which the

_“peroxide decomposes has a pronounced effect on rate of peroxide decomposition. Di-Cup,

~although-much iess sensitiv: to its environment than many other peroxides, will require a

different cure time at a preset temperature in each different polymer system. Selection of the

proper cure time for a v.!cenizate hased on Dl-Cup depends on performance requircments of
that vulcanizate.

- Figuve ! is a plot -0’ the cross-linking half-life of Di-Cup in various polymer compounds. In
additiou to i polymer- shown, cis-polybutadiene (BR) has a half-life curve between those of
nitrile rueber (NBR) and ethylene-propylene terpolymer (EPDM); polyisoprene (IR), natural

rubbar (NR), and siyrese -butadiene rubber (SBR) have approximately identical half-life curves,
and this common curve s itetween the NBR curve and the solution curve.

Under co.ame.:a! curing conditions, the stock temperature and peroside decomposition
rate are influcnced »y rold haat-vp time, vulcanizate thickness and shape, and other practical
factors. Theretore, op:iimum factory cure conditions require experimentation. This is best
arcomplisicd hy iest-cusing ih compcounds in preduction equipment for the cure times calcu-
lated f.~m the Yaif-live: shown in igere 1. Resolting vulcanizates are then tested for either

mcduivs, compression se’, o vroescied Jeroxide. Plotiing any onc of these against cure time
will result in & curve 17om whicl cure time to reach the desired stare can be read. Cure
conditions developed in iiis maaner wiil assure optimum performance with the peroxide-cured
vulvanizate. A laporatory sv= uation will nptimize laboratery procedure, but will serve only as a
guide to production practice.
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5 that have been freshly cured with Dn-Cup have an odor, caused by
i ‘normal byproduct of dicumyl peroxide decomposition. The odor is not unpleasant.
erent from-the odor associated with -other methods of vulcanization. There is no known

tvent: l'ormatnon of acetophenone. If odor-free stocks are required, either heat treatment or
‘can-bi mployed A mixture of equal parts of Alamask 137B and 520A (Florasynth
stantially reduces acetophenone odor in vulcanizates cured with Di-Cup. replacing it

mild, p aelike odor. Addition levels from 0.05 t0 0.5 phr should be investigated for each sys-
em whem odori 1mprovement is sought. An equal-parts mixture, however, need not necessarily be used.
 Product Safety

*This product may be consldend hazardous under the U.S. Occupational Safety and Health Act of 1970.

"~ A Material Safety Data Sheet should be obtained prior to use of this product, and user’s employes
informed of its contents. User should also obtain and review Hercules Di-Cup Bulletins ORC-202 —
Safety Aspects of Storing and Handling 55-Gallon Shipping Containers; ORC-203 — Summary of
Hazard Tesls. and ORC-204 — Summary of Toxicological Investigations.

Pmeodun for Emudrylng Di-C.p
Forapplications involving aqueous systems (e.g.. curing latexes), the following procedure is satisfactory
for emulsifying Dl-Cup in the laboratory.

Component Parts by Weight
Di-Cup TorR 100
Toluene 35
Oleic acid 56
Water 101

o e s - S0 KO# soiution 262

Melt the Di-Cup in a suitable container in a warm-water bath (40 to 50°C). Add the toluene. mix.
then add the oleic acid. Pour this solution into a glass Waring blendor containing the water (warmed to
40 to 50°C) and the KOH solution. Mix for 2 min at high speed.

When cooled to room temperature, an emulsion of Di-Cup prepared in this manner is stable for
several weeks. Slight shaking will redisperse any settling. If toluene is obiectionable. a less stable
emulsion can be prepared by omitting it. However. if toluene is omitted. the emulsion should be used
directly following preparation and should not be allowed to cooi below 45°C.
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Technical Infformation

BULLETIN ORC-202C
(Supersedes ORC-202B)

DI-CUP° Dicumyl Peroxide

Safety Aspects of Storing and Handling
55-Gallon Shipping Containers

DI-CUP® dicumyl peroxide is used as a high-temperature catalyst in the rubber and plastics industry. It is
available in several commercial grades to suit its varying uses. The use of Di-Cup stems from its ability to
decompose and form free radicals, which, in tum, promote cross-linking. Because this decomposition
occurs at an ever-increasing rate as the temperature increases, certain precautions are necessary to ensure
the safe storage and handling of Di-Cup. This bulletin summarizes Hercules’ recommendations for the
safe storage and handling of 55-gallon shipping containers.
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We cannot anticipate all conditions under which this information and our procucts, or the products of other manufacturers
in combination with our products, may be used. We accept no responsibility for results obtained by the application of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their own tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility ana
liability for loss or damage arising from the handiing and use of our products, whether used alone or in combination with other products.
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~ a lovw-meltmg solid that is ludlly reduced to an oily Ilqmd state by applymg a small
f heat. In this form it can be conveniently handled. Safe equipment designed especially

o fformeltngbCupR operation of that equipment, and suggestions for control are detailed on page 8.

"Handling DiCup T -

_As manufactured andslupped Dl-CUP'l‘ isapale yellow. oily, semicrystalline solid. Prolonged standing
“of Di-Cup T causes the oil phase to drain gridually from between the crystals and settle to the bottom of
the container. While the oil phase is still predominantly dicumyl peroxide, it contains less peroxide than
‘the crystals.. The product should be thoroughly remixed, therefore, before using. Simply warm the
‘Di-Cup T in its container and stir until the oil phase and melted crystals are a uniform liquid product.
Details on a simple and safe method for accomplishing this are given on page 3. When the Di-Cup Tis a
uniformly mixed liquid, it can be metered directly into the process, or standard charges can be withdrawn
mno smaller containers and stored until needed.

. Phynled Pmporllu
Physical properties of Di-Cup T and R that should be considered in devising safe and effective means of

handling these products are given below.

Physical Properties DCupT DICupR

Meilting point, °C 30-38
Heat of fusion, calg

Specific heat, solid

Liquid
Specific gravity at 50/50°C
Viscosity, cps,™ at 40°C
At 50°C

Flashpoint, SETA-CC, °F (°C)

“Brookfield viecometer, Model LVF, Spindie No. 1, at 60 pm.




Meiting Di-Cup
Di-Cup T or R can be safely handled with a minimum of precaution at ordinary temp >rasures and within a
limited temperature range in which it is a liquid. The basis for its commercial utilization, however,
requires that it decompose at elevated temperatures and at an ever-increasing rate as the temperature
increases. Because of this inherent characteristic, certain precautions regarding temperature cor'rol
shouid be observed in melting Di-Cup.

SAFE: At 86 to 131°F (30 to 55°C), Di-Cup T or R can be held for several days
without significant decomposition.
DANGEROUS: The handling temperature should »ever exceed i31°F (55°C). Above

this, the rate of thermal decomposition and heat evolution increases
rapidly. At about 244°F (118°C), rapid exothermic decomposition takes
place, as evidenced by flammable white smoke.

EMERGENCY ACTION:  Should the temperature reach 176°F (80°C), the drums of Di-Cup should
be deluged with water. This will stop the high rate of decomposition and
cool the peroxide. Cooling should continue until the temperature of the
Di-Cup is 131°F (55°C) or lower.

The only method Hercules recommends for melting Di-Cup is a hot water system with a temperature
that is automatically kept at 122 to 131°F (50 to 55°C). When properly designed, such a system minimizes
the chance of overheating. A simple, economical system often used for melting drums of Di-Cup involves
placing the drums in a water bath. Details of a typical water bath system are given below. Electric drum
heaters, direct steam, and hotplates should not be used for melting Di-Cup, since localized heating may
cause hot spots and eventual decompositicn of the peroxide. Ovens and hot rooms are other sources of
heat that are not considered safe.

Mett Bath System
Figure 1 (at the end of this bulletin) is a schematic of a typical melt bath system, including necessary
instrumentation and auxiliary equipment. Figures 2 and 3 show details of a water bath and drum hoist used
by Hercules in melting Di-Cup. The bath is constructed of %-in. (6.35-mm) boiler plate, and is divided
into three compartments, with space underneath the divisions to allow water circulation (accomplished by
an agitator). The water is heated by injection of steam through an a:tomatic control valve and sparge pipe.
Three to 6 hours at 122 to 131°F (50 to 55°C) is required to completely melt a drum of Di-Cup T; 6 to
12 hours is required for Di-Cup R. After these periods of time, convection currents within the drum will
normally have caused the contents to become uniformly mixed.
Following are important safety precautions for the melt bath system:

® The melt bath for Di-Cup should be located away from metal catalysts, reducing agents, and strong
mineral acids to prevent contamination.

® Drums of Di-Cup shouid be vented before the Di-Cup is melted. This can be done by removing or
loosening the drum cover or opening the bung.

® The melt bath and pumping facility for Di-Cup (if provided) should be located in an area protected
by an automatic sprinkler system.

® A manually activated water spray deluge system should be provided directly above the melt bath.

Should the bath temperature reach 176°F (80°C), this system should be activated. The activation
valve should be located in an area remote from the inelt bath.




eonlmlletllarm shouldbepmvnded to maintain the bath water temperature at 122
) 55°C). The controller should be set to alarm at 133°F (56°C) and 176°F (80°C).
should be provided and located where area personnel can hear it and take

A fusible plug with a melt temperature of 136°F (S8°C) should be provided in the drainpipe
serving the melt bath. Should the bath temperature exceed 136°F, the alloy in the plug will melt,

allowing water to drain from the bath. These plugs are available from Hercules on request.
~ ® Water in the melt bath should be agitated to aid in heat transfer. A small, portable air-driven

@ Any electrical motors, switches, wiring, etc., located at the melt bath should be rated for use in a
Class I, Group D, {*ivision 2 electrical classification as defined in the National Electrical Code,

Articles 500 to 503.

“If a pump is used to transfer warm, liquid Di-Cup from a drum to the process, Hercules recommends the
following precautions: .
©® For cleanliness, drums of Di-Cup should be lifted out of the melter prior to being-emptied. During
emptying, care must be taken to keep foreign materials out of the open drums. If Di-Cup is
- removed from the drum while it is still in the water bath, restraining bars should be attached to the
drum to counteract its buoyancy as the contents decrease. This will also minimize spillage of
Di-Cup and contamination of the hot water.

--® The pump should have a mechanical seal rather than a stuffing box. Duraseal mechanical seal,
manufactured by Durametallic Corporation, Kalamazoo, Michigan, is recommended for its
performance and flexibility of maintenance, possible because of interchangeability of its parts.
The mechanical seal should not contain copper, brass, or natural or synthetic rubber. Copper and
brass promote decomposition of Di-Cup and natural and synthetic rubber become brittle through
extended contact with Di-Cup and will not last long. The preferred material is 316 stainless steel.
‘Iefion U-rings and gasketing material are also recommended.

® Pumps used for Di-Cup should be self-priming, and either rotary gear or centrifugal type. Wetted
parts should be of 316 stainless steel or Teflon; O-rings and gasketing should be of Teflon. Pumps
can be either pneumatically or electrically driven.

Hercules uses two different pumps made by Eco Engineering Company, Newark, New Jersey, for
handling molten Di-Cup. Mode! PP-2M, 316 stainless steel with Teflon propellers, is a self-priming rotary
pump with Gast air-motor drive and a capacity of about 3 gallons (11.4 liters) per minute. Model PTA-8, of
316 stainless steel, is a pedestal-mounted Centri-Chem centrifugal pump with Gast air-motor drive and a
capacity of about 3 gallons (11.4 liters) per minute. A high-temperature cutout on the pump is recom-
mended, set tc open at 140°F (60°C).

If electrically driven pumps are used, the motor switches, wiring, etc., located at the pumping site
should have a Class I, Group D, Division 2 electrical classification.

® All rigid piping handling molten Di-Cup should be of 304 stainless steel construction with Teflon
gasketing or pipe dope.

® Provisions should be made for blowing out all lines carrying Di-Cup with nitrogen, carbon
dioxide, or other inert gas.

® The pump suction hose should be of flexible stainless steel.




® The pump and piping should be hot-water-traced (not steam-traced) and insulated to maintain a
temperature of 104 to 113°F (40 to 45°C) to prevent crystallization of the Di-Cup. A special
temperature-limited electrical tracing system known as Chemelex Auto-Trace is an acceptable
alternative to hot-water tracing. This system is manufactured by Raychem Corporation, 837
Second Avenue, Redwood City, California 94063. It must be specified as factory-mutual-
approved for use in a Class I, Group D, Division 2 electrical classified area. In addition,
the Chemelex system must be engineered so that the temperature of the Di-Cup will not exceed
122°F (50°M.

® A nonwicking type of insulation such as foam-glass is recommended for use in all equipment and
piping handling molten Di-Cup.

Storage Requirements
When stored at room temperatures of 75 to 79°F (24 to 26°C), Di-Cup T and R dicumyl peroxide are very

stable chemically and can be held for several years without any appreciable loss of peroxide activity.
Uncontrollable thermal decomposition of uncontaminated Di-Cup T or R should not occur below 200°F
(93°C). Decomposition to any significant degree would not be expected at temperatures below 131°F
(55°C); however, since temperatures of about 131°F (55°C) are not uncommon in uriventilated storage
areas in the summer, or under direct sunlight, Di-Cup T and R should be stored in ventilated areas, in the
dark or under cover, and at as low a temperature as practical. Isolation from other chemicals is
strongly recommended.

Satety Precautions for Di-Cup Dicumyl Peroxide Storage Area
The following safety precautions should be followed regarding storage of Di-Cup dicumyl peroxide:

® Storage of Di-Cup should be separated from process areas, imr ~rtant buildings, and public
neighboring localities, so that in case of fire these other areas will not be jeopardized.

® The storage area should be under cover and protected from direct sumlighi. A shcd wiih waiis on
the sides exposed to the sun would provide this nrotection.

® The storage area must be sprinkler-protected.

® At least one fire hydrant with sufficient lengths of hose should be quickly availabie, located
preferably not closer than 50 feet nor more than 150 feet from the storage area.

® No acids or other chemicals (such as Friedel-Crafts catalysts, reducing agents, and oxidation
catalysts) may be stored in an area used for Di-Cup.

® The storage area should be isolated from the storage of flammables such as solvents.
® The storage area should be protected against access by unauthorized personnel.
® No smoking should be permitted in the storage area.

® Housekeeping in and around the storage area should prevent accumulation of easily combustible
materials such as dry grass or paper.




buring occurred when a2-kilogram weight was dropped 100 centimeters onto a

lmlll am sample DaCnpRplacedbetweentwopieoesofﬂ;t,hardenedsteel;andnoevidenceof
ignition or explosion was observed when a 4-kilogram weight was dropped 10 times from a height of

50 centimeters onto Di-Cup R placed on an anvil inclined 4°

- Nosign of detonation was in evidence after a 10-gram sample of Di-Cup R was placed in a steel bomb and

* " initinted with a No. 8 blasting cap,

3. Heat
No visible reaction occurred when a 25-milligram sample of Di-Cup R was inserted in a copper shell and
“heated to 175°C. At 325°C, the sample foamed, but did not ignite or detonate. When larger {50-gram)
- samples were heated at the rate of 1°C per minute, they began to undergo exothermic decomposition at
120°C. This exothermic decomposition reached a peak temperature of 180°C in 1 minute.

A sample of Di-Cup T was examined by quantitative differential thermal analysis (DTA) at a heating
rate of 10°C per minute. Exothermic decomposition peaks at 178°C (352°F). Isothermal runs indicate
that extensive decomposition takes place as low as 90°C (194°F). )

A 50-gram sample of a 50% solution of Di-Cup R in an aromatic hydrocarbon was maintaird at
50°C in loosely stoppered bottles. Chemical analysis revealed no decomposition after 50 days.
. The following report on burning properties of dicumyl peroxide was obtained from the Bureau of
- Explosives Laboratory in South Amboy, New Jersey.

**Di-Cup R or T can be ignited by contact with external flame. When so treated, it meits and bumns
quietly at first, then with the characteristic acceleration of organic peroxides. While this ignition or
burning test was run on a comparatively small amount, the burning rate accelerated as the combustion
progressed, and indicated the possibility of vigorous or perhaps violent combustion if a large quantity
should become involved in fire.”

A larger scale buming test was conducted by Hercules: A S-gallon (18.9-liter), rubber-sealed,
galvanized drum containing 40 pounds (18.2 kilograms) of Di-Cup T was exposed to heat and flames of a
kindling fire. There was no violent ignition, nor did the Di-Cup T show any noticeable acceleration in the
rate of burning. It buned at about the same rate as a similar volume of turpentine, and much less actively
than a gasoline-type solvent or an aromatic hydrocarbon under similar conditions.

Major H I
Three major hazards are encountered in storing and handling Di-Cup T or R:

® Chemical decomposition caused by acid contamination

® Chemical decomposition catalyzed by contact with copper and copper alloys

© Thermal decomposition induced by excessive heat exposure (>131°F, 55°C)

Other chemical materials that promote rapid decomposition of Di-Cup are catalysts of the Friedel-
Crafts type, reducing agents, and oxidation catalysts. Once this reaction has been initiated, it is highly
exothermic and self-sustaining. Temperatures could conceivably reach a level at which the contents of a
container would ignite.
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When small samples of dicumy! peroxide were heated, thermal decomposition began at about 118°C.
Taking into consideration the eifect of volume on the relationship between heat and decomposition
characteristics (see Buming Characteristics, page 6), thermal decomposition may start in iarger amounts
at a lower temperature. This thermal decomposition is also exothermic and could result in a fire.

As with any other chemical product of comparable flammability, fire-extinguishing facilities should
be provided in any area where sizable quantities of Di-Cup are being handled or stored. Fires have been
readily controlled with water as well as COz, dry chemical, and foam extinguishers.

Itis strongly recommended that Di-Cup be isolated from all other chemicals during storage and use.

Waste Disposal

All waste Di-Cup, or materials containing appreciable quantities of it, should be disposed of in
accordance with local, state, and Federal regulations.

CAUTION: Do not attempt to burn Di-Cup in containers. Do not mix concentrations or solutions of
Di-Cup with other chemical wastes. Do not put solutions containing Di-Cup into sewer systems.

Product Safety

This product may be considered hazardous under the U.S. Occupationcl Safety and Health Act of 1970.
A Material Safety Data Sheet should be obtained prior to use of this product. Toxicological data are
available in Hercules Technical Data Bulletin ORC-204.
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Figure 2
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Hercules incorporated
910 Market Street :

Technical Informatior

BULLETIN ORC-203D
(Supersedes ORC-203C)

DI-CUP® Dicumyl Peroxide

Summary of Hazard Tests

DI-CUP® dicumyl peroxide, like other organic peroxides, should be clearly characterized in terms of
potential hazard from:

o Chemical contamination
¢ Physical shock
® Heat and flame

This summary describes briefly the extent of Hercules® knowledge in each of these areas, and
offers conclusions and recommendations on the safe handling of Di-Cup T (technical-grade) and
Di-Cup R (recrystallized-grade) peroxide.

CHEMICAL CONTAMINATION

Properly handled, Di-Cup can be safely mixed with many organic and inorganic chemicals. It is
reacily soluble in a broad spectrum of organic solvents and has about the same stability to heat in
solution as it does in its pure form. There are some classes of chemicals, however, that must not be
mixed with Di-Cup, either accidentally or purposely.

Di-Cup decomposes vigorously when in contact with mineral acids (or acid-forming salts),
oxidation catalysts, reducing agents, and catalysts of the Friedel-Crafts type. This reaction, once
initiated, is highly exothermic and may become self-sustaining. Temperatures can reach a level at
which violent expansion or even autoignition may occur.

Contamination of Di-Cup with such products in storage, during use, or in waste disposal must
be avoided. Isolated storage is strongly recommended, and Di-Cup should be handled in clean
containers only. Lines through which liquid Di-Cup is being pumped should have no connections to
lines from containers of other chemicals. Spillage or leakage should not be allowed to flow into
common drains. In short, care must be exercised that Di-Cup is not mixed with chemicals that can
induce ionic cleavage of peroxides.

PHYSICAL SHOCK

Unlike the great majority of organic peroxides, Di-Cup is not sensitive to physical shock. Attempts
to induce detonation of dicumyl peroxide have been completely unsuccessful under even the most
severe conditions.

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products, may be used. We accept no responsibility for results obtained by the application of this
informatiori or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their own tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liability for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products.

HER. 27477 PRINTED NUSA.




‘ ﬁm dlcumyl peroxlde) was placed between plates

] wcngjit fe'¥ing 100 cm. There “was no sign of detonation

kg welgh  was dropped from a he'g?'t 5f €0

A lo-g sample of Dt-Cup R was placed in a steel bomb and initiated with a No. 8 cap. There was no
evidence of any detonation.
To resolve the question of the possibility of shock detonation of Di-Cup, two experiments were
—performed under as-severe conditions as could be developed. These are briefly described as follows:

. A 5-in. Schedule 40 steel pipe, 28 in. (71.1 cm) long, was filled with approximately
18 lbs (8.2 kg) of Di-Cup T. A Titan™ 500 booster consisting of 475 g of a 50:50
mixture of TNT:PETN and a No. 8 electric blasting cap were inserted in the pipe in
intimate contact with the Di-Cup. Both ends of this pipe were capped, the pipe was
lowered into 4 to 6ft(l.2¢tol 8 m) of water at 65°F (18.3°C), and the booster was
- detonated.

The result was only a small bonl in the water, followed by a black, oily film rising
to the surface. The pressure generated and the rate recorded [4,350 ft/sec (1,326 m/sec)]
were about as would be expected from the booster alone.

o In order to observe remnants of such a test, a smaller charge was detonated under
sand. A 3-in. Schedule 40 steel pipe, 28 in. (71.1 cm) long, was similarly loaded with
about 5.5 1bs (2.5 kg) of Di-Cup T, a Titan 500 booster, and a No. 8 cap. Both ends of
the pipe were capped, tae assembly was buried in about 18 in. (45.7 cm) of wet sand,
and the booster was detonated.
... A convincing failure to propagate resulted. The pipe was completely destroyed
around the booster area, and ripped longitudinally for about 16 in. (40.6 cm), which is
not unusual when a Titan 500 booster is used. At the end of the pipe opposite the
‘booster, there was a black, oily residue and about 4 in. (10.2 cm) of unaffected Di-Cup.

¢n 21to a pomon of Di-Cup R placed on an
f 4° Thns test was repeatec 10 simes. There was no evidence of ignition or

These tests showed that Di-Cup dicumyl peroxide is very insensitive to shock. No detona-

tion could be developed, even with heavy confinement and severe priming. [It is estimated that the

Titan 500 booster develops temperatures over 4,400°
and a detonation velocity of about 24,000 ft/sec (7,317 m/sec). This represents a total energy

content of about 1,740 X 102 ft-1bs (240.6 X 103 kg-m)).

EXPOSURE TO HEAT AND FLAME
Experiments on the effect of heat on Di-Cup may be diviaed into tests of:

e Exposure to heat
¢ Burning and extinguishing tests
e Exposure of standard containers to direct flame

K, pressures above 2 million psi (13,793 MPa),




Exposure io Heat :
A 25-mg portion of Di-Cup R dicumyl peroxide was inserted in a copper shell and heated to

347°F (175°C). No visible reaction occurred. At 617°F (325°C) the Di-Cup foamed, but did not
ignite or detonate. This behavior, however, could well be a function of the amount of material
involved. :

Wien 50 g of Di-Cup was heated at the rate of 1°C per min, exothermic decomposition
began at 248°F (120°C) and reached a peak temperature of 356°F (180°C) in 1 min.

To subject the product to extremes of heat exposure, two large-scale heating tests were
performed.

1. In the first test, approximately 100 lbs (45.5 kg) of Di-Cup T (90 to 93%
dicumyl peroxide) was loaded into a container made from Schedule 40 pipe, 12 in.
(30.5 cm) in diameter and 30 in. (76.2 cm) long. The wall thickness of the pipe was
approximately 11/32 in. (0.84 cm). A %-in. (0.95-cm) flat plate was welded to each end,
and one end was fitted with a 2-in. (5.1-cm) nozzle welded into the end plate. The
nozzle was capped with a 2-in. (9-cm) diameter rupture disc rated at 65 psi (0.44 MPa)
at 72°F (22°C) and 53 psi (0.36 MPa) at 250°F . 21°C). A thermocouple was inserted
into the container and connected to a remotely located recorder. The container was
mounted vertically about 15 in. (38 cm) above the ground and surrounded with piled
wood soaked with kerosene. This soaked wood was ignited and observed from a distance.

The container was enveloped in flame almost immediately after ignition. After
about 19 min of fire exposure, flames flickezed momentarily from the end of the 2-in.
nozzle, followed by complete rupture of the loosened blowout disc. Almost immediately,
the bottom plate was blown off, accompanied by a jet of flame, a ball of fire, black
smoke, and a rather loud report. When separation of the bottom plate occurred, the
container was blown about 250 ft (76.2 m) into the air, landing about 100 ft (30.5 m)
from the testsite. Inspection of the test area indicated that the container ruptured
because of overpressuring. Not all the contents were consumed in the reaction. The test
vessel was essentially undamaged, except for removal of the bottom plate.

The temperature inside the test container rose gradually from 70 to 248°F (21 to
120°C) during flame exposure, and then soared to 482°F (250°C) almost instantaneous-
ly, at which point the thermocouple wires became separated from the test vessel. The
temperature at which a violent exothermic decomposition occurred [248°™ (120°C)]
was the same as that previously noted in laboratory-scale tests.

2. A second test was carried out in exactly the same manner, except that the blowout
disc was replaced by a threaded cap. The bottom plate was again blown off after 19 to 20
min of flame exposure. This reaction was perhaps slightly more severe, with less flame
and less evidence of residual Di-Cup.

These tests showed that Di-Cup can withstand considerable exposure to heat, but once an
internal temperature of 248°F (120°C) is reached, an exothermic reaction occurs that cannot be
contained. The resulting expansion is not an explosion, since containers were recovered more or
less undamaged, but it does cause rupture of the vessel and vigorous combustion. Similar rupture
would be expected of any completely sealed vessel containing combustible matter on exposure to
flame temperatures, regardless of the chemical nature of the contents.

With an organic peroxide such as Di-Cup, however, heat from external sources is sup-
plemented by internal heat from exothermic decomposition of the peroxide, resulting in carlier
rupture. This reaction is also evident in exposure of standard shipping containers to dirsct flame.




7 'non if a'large' qunuty should become involved in fire.,”
i To study the burmng characteristics of larger quantltles of Dl-Cup, two addmonal sets of

. fires mvolvmg Dl-Cup

In the first series of tests, 25 1bs of Dl-Cup was spread on the bottom of a circular tray [Z ¢ in.

- (61.0 cm) in diameter] and ignited by means of a large torch. After about 30 sec of vigorous
_burning, the flames were extinguished with a 30-1b (13.6-kg), dry-chemical hand extinguisher, a

similar standard CO, extinguisher, and water spray. The water spray was supplied from a 95 to

100-psi (0.65 to 0.68-MPa) hydrant system through a 1%-in. (3.8<cm) hose a combination

solid-stream/ water-spray nozzle.
, ‘In a second series of experiments, 100 ibs of Di-Cup T was distributed over the bottom of a
.42 by 70-in. (106.7 by 177.8-cm) rectangular tray. Again, the Di-Cup was ignited by means of a
torch, and after a period of vigorous burning, was extinguished with each of the extinguishers just
mentioned.

Selected examples of these two sets of tests were filmed in color to demonstrate the type of
fire encountered and ease of extinguishment. From these tests, it was concluded that Di-Cup is
difficult to ignite, burns vigorously, and is easy to extinguish.

, While the fire from ignition of a sizable quantity of unconfined Di-Cup must be considered a
serious hazard, there were no indications that such a fire is any more hazardous than one resulting
from the burning of a similar quantity of many flammable organic solvents and chemicals.

T EXPOUUTS ¥0 LAWEGT T
To further investigate the effect of flame exposure on confined Di-Cup in a practical way,
_standard 5- and 55-gal (18.9- and 208-L) containers, as shipped, were exposed to direct contact
with fire. These tests were intended to explore the consequences of stored, unopened containers of
Di-Cup being involved in a fire from other sources. They represent maximum hazard, in that they
simulate prolonged cxposure to a fire without fire-protection systems.

5-Gal (18.9-L) Tests — In early tests, 5-gal cans containing Di-Cup T were placed directly in 2 wood
fire and allowed to remain until conpletely consumed. In some cases, side-by-side comparisons
were made with a similar 5-gal can of turpentine. In these tests, the containers ruptured and the
contents burned vigorously, but evenly, to complete consumption. The fire resulting from the
burning Di-Cup was comparable to that from turpentine, and probably less violent than from a
similar quantity ~f asoline. No acceleration of burning rate was noted once vigorous burning
had begun.

More recently, 14 such tests were performed in various types of 5-gal containers. Di-Cup was
tested “as shipped,” frozen, and molten. Side-by-side comparisons were made with cumene
hydroperoxide and with gasoline. The surrounding fire was provided by burning isopropanol.
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No significant differences were noted between the different 5-gal cans with various types of
closures. There were no observable differences in test results when Di-Cup dicumyl peroxide was
in its normal crystalline state and when it was premelted or prefrozen. In all cases, 5-gal con-
tainers of Di-Cup ruptured after about 4 min of exposure to fire, and burned vigorously until
consumed or extinguished.

When Di-Cup and gasoline were tested in similar containers, Di-Cup overpressured the can
about 2 min earlier than the gasoline. This result is attributed to exothermic decomposition of Di-Cup.
Whereas gasoline was exposed to only one source of heat (the external fire), Di-Cup also generated
considerable internal heat, once exothe: mic decomposition was initiated. However, violence of com-
bustion when the container ruptured was much greater with gasoline than with Di-Cup.
55-Gal (208-L) Tests — In larger scale tests, very similar to the foregoing, standard 55-gal drums
containing Di-Cup T were tightly sealed (ring-and-bolt closure) and suspended over burning
isopropanol. After 12 minand - 5 sec of direct fire exposure, Di-Cup overpressured the drum, pushed
The following conclusions and recommendations are based on the tests described in the publication:
Conclusions

Di-Cup dicumvl peroxide is very insensitive to mechanical shock.
It cannot be made to detonate even under heavy confinement and severe priming.

the lid off and to the side, then burned vigorously. Even on this scale, however, two men readily
extinguished the fire, using 20-1b (9.1-kg) and 30-1b (13.9-kg) Ansul®® dry-chemical extinguishers.
After the test, about 140 Ibs (63.6 kg) of molten Di-Cup, out of the 425 1bs (193 kg) originally present,
remained in the drum.

Although burning of the contents is vigorous once the container is breached, no explosion
occurs, as evidenced by lack of damage to the drum itself. The 55-gal drums remained upright
and in the same position as when the test was started.

CONCLUSIONS AND RECOMMENDATIONS

. Di-Cup is relatively difficult to ignite, but once ignited it burns vigorously.

. Burning Di-Cup is easy to extinguish. Suitable extinguishers include dry-chemical and CO, types
and water spray.

. When subjected to continuing heat, Di-Cup will begin to decompose exothermaliy at about 248°F
(120°C).

. Once exothermic decomposition begins, internal temperature will rise very rapidly, causing
overpressuring of the container. Violence of rupture is proportional to the degree of con-
finement.

. Standard shipping containers used for Di-Cup are breached with relatively little violence on
exposure to flame. [A standard 55-gal drum of 17H construction, with ring-and-bolt closure,
has been reported to fail at around 20 psi (0.13 MPa)].

8. Sealed, heavy-walled containers can result in violent pressure release.

(V)Chares R. Teas & Co.




ntories to l practlcal mnmmum
otéction equipment. An automatlc spnnkler mstallatnon supplemented
with adequate extinguishers is recommended. -~ ;
5..Don tf,store‘Dl-Cup with other chemical materials. =
Avoid contamination of Di-Cup with strong acids, acld-fonmng salts, oxidation catalysts,

' reducing agents, or catalysts of the Friedel-Crafts type.

.'When: melting Dl-Cup, use: warm-water heating only, controlled to a maximum of 131°F

- -,(SS"C) &
8. If any quantlty ‘of Dl-Cup is contained in a closed vessel provide large-area pressure venting
-8t 20 psi (0.13 MPa) or lower
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Technical Information

BULLETIN ORC-204E
(Supersedes ORC-204D)

DI-CUP® DICUMYL PEROXIDE AND ITS DECOMPOSITION PRODUCTS
SUMMARY OF TOXICOLOGICAL INVESTIGATIONS

When used as a peroxidic catalyst, DI-CUP® dicumy! peroxide is always present in conjunction with its
decomposition products (acetophenone, dimethylbenzyl alcohol, and alpha-methylstyrene). This bulle-
tin, therefore, has been prepared to summarize the toxicological information obtained on all four
compounds. These data are presented in detail on the following pages and are also summarized in Table I.

Summary
Di-Cup and its decomposition products are only slightly toxic by ingestion or inhalation. Mild eye and
skin irritation may be encountered from accidental exposure to liquids or vapors.

The decomposition products of Di-Cup, however, are strong odorants. Low vapor concentrations
result in persistent aromatic scents; when present in high concentrations, these odors may be objectionable.

Chemical Composition
Di-Cup is commercial dicumyl peroxide, available in four forms. The molecular weight of dicumyl
peroxide is 270.36; its structural formula is shown below.

oozl

General Properties

The four forms of Di-Cup permit selection of material most convenient for the application. Di-Cup 40C
and 40KE are off-white, free-flowing powders that average 40% active material supported on precipitated
calcium carbonate and Burgess KE clay, respectively. Di-Cup T, with 94-97% dicumy] peroxide, is a pale
yellow, low-melting, semicrystalline solid. Di-Cup R is a pale yellow to white, granular, low-melting
crystalline solid, and is a more highly refined form that contains 98+ % dicumyl peroxide. The specific
gravity at 25/25°C is 1.57 for Di-Cup 40C and 1.55 for Di-Cup 40KE (calculated), and 1.02 for Di-Cup T
and Di-Cup R. Di-Cup is used as a high-temperature catalyst in polymerization, vulcanization, and
cross-linking reactions in the plastics and rubber industries.

Solubility
Dicumyl peroxide is soluble in vegetable oils and most organic solvents. It is soluble or disperses readily
in natural and synthetic rubber compounds, silicone gums, and polyester resins. It is insoluble in water.

We cannot a_mticipate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products, may be used. We accept no responsibility for resuits abtained by the appfication of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their 2w tests to determine the safety and suitability of each such product or product combination for their own purposes.
Un'~ss oth-erwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liavinty for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products.

HER. 27477 PRINTED INU.SA




ion ofOlmlofSO% soluuonofDu-Cupm comn ol to the eyes of rabbits according to the Draize

. method produced mild conjunctivitis, with complete recovery within 48 hours. There were no effects on

Ten groups of animals (10 rats and 4 rabbits each) were exposed for 6 hours to atmospheres containing
dusts of Di-Cup 40C. The concentrations ranged from 21 to 224 mg of dust/m? of air (8 to 90 mg of
- dicumyl peroxide/m* of air) and the particle size ranged from 0.4 to 18 microns. There were no observable
signs of toxicity during the exposure or the 14-day postexposure observation period.

Guinea Pig Sensitization: Repeated intradermal injections of 0.1% suspension of Di-Cup in normal
saline (qceprding to the Draize method) into guinea pigs produced no primary irritation or sensitization.

Schwartz Prophetic Patch Test: Two hundred human subjects were patch-tested with Di-Cup T.
There was slight primary irritation, but no evidence of sensitization. Two hundred human subjects alsc
were patch-tested with two samples of rubber. One sample was cured with Di-Cup (2%) and the other with
sulfur. Both produced the same incidence and degree of mild primary irritation, but did not produce
sensitization. While the degree of irritation produced by Di-Cup T was essentially the same as that from
cured rubber, the incidence was less.

-1n some vulcanization and cross-linking operations, there may be a secondary decomposition of
cumyloxy radicals to yield acetophenone, dimethylbenzyl alcohol, alpha-methylstyrene, and methane.
Most of the sweet, pungent odor is due to acetophenone. As with other industrial fumes, undue exposure
should be avoided as much as possible, and adequate ventilation should be provided.

DECOMPOSITION PRODUCTS
ACETOPHENONE
Acetophenone, also called phenyl methyl ketone anc acetylbenzene, is a low-melting solid with a sweet,

pungent odor. It is used in perfume bases to impart an orange-blossomlike odor, and in numerous or-
ganic syntheses. In the past, it enjoyed limited use as an anesthetic and hypnotic. Its structural formula is

shown below.
0
Ot




Physical Properties
Acetophenone has a molecular weight of 120.14, a melting point of 67°F (19.7°C), and a Vvapor pressure
of 1 mm Hg at 99°F (37°C) and 100 mm Hg at 67°F (19.7°C). It is insoluble in water, but soluble in most

organic solvents. It has a flashpoint (closed cup) of 180°F (82°C).

Acute Oral Toxicity
The oral LDso of acetophenone for rats has been reported as 900 mg/kg, and 3,000 mg/kg, with typical
symptoms of analgesia and deep coma preceding death.

Acute Dermal Toxicity
The LDso for guinea pigs by skin absorption of undiluted acetophenone is greater than 20,000 mg/kg.

Eye !rritation '
When undiluted acetophenone was placed in the eyes of rabbits, it caused conjunctival irritation and
transient corneal damage comparable in degree to that caused by butyl alcohol.

Skin lrritation
Undiluted acetophenone is a primary skin irritant for rabbits. It has also been reported to cause irritation to
human skin in some industrial operations.

Acute inhalation Toxicity

Because of the low vapor pressure of acetophenone, its inhalation toxicity has been given very little study.
Exposure of rats to saturated vapor concentrations (about 600 ppm or 3,000 mg/m?3) for 8 hours produced
no deaths.

DIMETHYLBENZYL ALCOHOL (DMBA)

Chemical Composition
Dimethyibenzyi aicohol, molecular weight 136, has the following structural formula:

Acute Oral Toxicity
The oral LDso in the rat ranged from 1,400 to 3,000 mg/kg. The oral LDso in the rat of & mixture of 75%
DMBA and 25% acetophenone was found to be 2,000 mg/kg.

Eye lrritation

Application of 0.1 mL to the eyes of rabbits and (.05 mL to the eyes of guinea pigs daily for 15 days
produced some irritation with redness. There was complete recovery within 7 to 14 days, with no
permanent corneal damage.




tion of DMBA 10 the skin of rabbits and guinea pigs

t Hﬁy—ﬁwhnnnmbpcumuvedZ&hawexposmwm .atches
s and a challenge patch in the sixth week. There was little or no primary
Aadefinite indication of skin sensitization in 7 of the 55 subjects, and more
;orleuuqmvoctlevndenoeofsemmuonmwodnrsubjects

o ALPHA-IE‘I‘HYLSTYRENE

~alpha- Methylstyrenensaeolorlesshqmdmthashup aromatic odor, a molecular weight of 118.15, and a
bonlinx pomt of 330‘F (165 4°C) It has the following structural formula:

O
CH,

- The oral LDse in the rat was found to be 4,800 mg/kg.

Application of two drops in the eyes of rabbits caused slight irritation of the conjunctiva, but no cor-
neal damage.

Repeated applications to the skin of rabbits caused moderate to marked redness. There was no indication
of absorption with subsequent systemic toxic effects. :

Acute inhalation Toxicity
VapormhﬂahonatZ%Oppm(Mg[m’)forlSm&mmsansedmspmmryunmonandcenml
nervous system depression in rats, mice, and guinea pigs. Mice died after about 4 hours, but rats and
guinea pigs survived the 5-hour exposure.

inhaletion Toxicity

The Threshold Limit Value (TLV," 1981) for alpha-methylstyrene is 50 ppm, or 240 mg/m?* (ceiling).
Available toxicological information is reviewed in the TLV documentation (Amenca. Conf. of Gov.
Industr. Hygienists, Cincinnati, 1980).

N gistered trademerk of American Conference of Governmental industriel Hygienists.




Methane is considered a simple asphyxiant by the ACGIH. It has no physiological action except when it
lowers the partial pressure of oxygen in the air enough to cause effects dve to oxygen deprivation. It has no
warning odor. Because of its low toxicity, no TLV has been set.

Table |
Toxicity Summary

Di-Cup and Its Decomposition Products

Di-Cup Acetophenone

DMBA

eiphe-
Methyistyrene

Acute oral toxicity
(LDso), mg/kg 4,100 900-3,000

Acute inhalation 90 mg/m>—  Saturated vapor—

toxicity no effect no deaths
Eye irritation Mild con- Irritation and
junctiviti transient
cemeal injury
Skin irritation (undiluted)  Mild imritation  Imritation

Skin sensitization No No

Product Safety

1,400-3,000

Irritation
with
redness
Mild
irritation
Yes

4,700-4,900

14 g/mi—
produced death (mice)

Irritation without
corneal damage

Moderate
irritation

No

As Hercules inierprets the U.S. Occupational Safety and Health Act of 1970, Di-Cup percxides should
be considered hazardous materials because they may undergo decomposition when they are overheated
or when they come in contact with copper, copper alloys, or acids. Detailed safety instructions can
be obtained from Hercules Technical Data Bulletin ORC-202. Material Safety Data Sheets should

be obtained prior to use of these products.

7-82




BULLETIN ORC-208
(Supersedes ORC-111D)

" DI-CUP® Peroxide
'f_— g spmlbulk,'Conlalner Melting and Handling System

" DI-CUP® T and DI-CUP R peroxides are commercially available in 55-gal, open-head drums and
in semibulk containers (SBC’s) of approximately 460-gal capacity. At normal shipping and storage
temperatures, these peroxides are oily to semicrystalline solids. Means of safely handling, melting,

_and storing Di-Cup in 55-gal shipping containers are given in Hercules Bulletin ORC-202.

“(See bibliography.)

This bulletin describes an effective system for melting, handling, and storing these peroxides in
SBC’s, and suggests principles of design. CoMsult your Hercules representative for specific
requirements. Arrangements for a safety engincering presentation at the customer’s plant that
reviews in detail the principles and guidelines outlined here can also be made through your
Hercules representative.

Hercules’ recommendations for the safe handling, melting, and storage of Di-Cup in SBC’s are
summarized herein. However, these recommendations are not a substitute for, nor an inducement
to violate, applicable laws or standards related to safety, insurance coverage, pollution control, or

good engineering practice.

{

Melting and Handling System
Physical Properties

Melt Station Location

Safety Precautions for Storage Area
Waste Disposal

Product Safety

Bibliography
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Figures and Tables
Figure 1. Hercules 460-Gal Semibulk Container
2. Top Viewof SBC ................ PRI
3. SBC With Lid Removed
Figure 4. Flow Diagram of Melting and Handling System
Key (Figure 4)

Table I. Safety Features (Included in Figure 4)
Table Il Equipment Specifications

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products, may be used. We accept no responsibility for results obtained by the application of this
informaiicn or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their ocwn tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liability for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products.

PRINTED N US.A.
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Melting and Handling System

The semibulk container melting and handling system for Di-Cup (see Figure 4 and Tables 1 and 1I)

converts Di-Cup from the solid or semisolid state to liquid for transfer to subsequent processing. It

is based on a hot water heating system with the temperature automatically controlled at 122 to

131°F (50 to 55°C). When properly designed, such a system minimizes the chance of overheating.

Note: Steam, electric band heaters, or any heating medium above 131°F (55°C) should never be used for
melting Di-Cup, because localized heating can cause hot spots and eventual decomposition of
the peroxide. Ovens and hot rooms are other sources of heat that are not considered safe.

Hercules SBC’s meet Department of Transportation Specification 57 requirements for portable
tanks. The tanks are fabricated of 304L stainless steel, 45% in. OD x 64 in. high, 460 gal total
capacity. Current use capacity is 400 gal, or 3,500 lbs net ( 1,590 kg). Total gross weight is
approximately 4,300 Ibs. A forklift truck is required to transport the SBC’s. Figures 1, 2, and 3 show
several views of Hercules’ semibulk container. It is recommended that a minimum of two SBC’s be
installed in parallel in the melting and handling system (Figure 4) if uninterrupted flow must be
maintained.

Physical Properties
Physical properties of Di-Cup T and R that shouid be considered in devising safe and effective

means of handling these products are given below:
DI-Cup T Di-Cup R

Meiting point, °C 38
Heat of fusion, cal/g 18+2
Specific heat

0.35
. 0.42
Specific gravity at 50/50°C . 1.02
Viscosity, cps(®
At 40°C . 19.1
At50°C 108
Flashpoint, SETA-CC, °F(°C) 260 (127)

(@rockfield viscometer, Modei LVF, Spinale No. 1, at 60 rpm.

Temperaturz Contro! Frecautions

Di-Cup T or R can be safely handled with minimum precautions at ordinary temperatures and
within a limited temperature range in which it is a liquid. The basis for its commercial utilization,
however, requires that it decompose at elevated temperatures and at an ever-increasing rate as the
temperature increases. Because of this inherent characteristic, certain precautions regarding tempera-
ture control should be observed in melting Di-Cup.
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t reach 158°F (70° C), cold water should be introduced into
BC by opening vaives@and@and closing valve ©.(See Figure 4.)

Should,the temperature reach 176°F (80°C), the deluge sprinkler system serving
B melt" tetmn should be manually tripyed.

s 'Idellly, ‘the SBC melt station for D|~Cup should be located in a separate, enclosed area away from
- the process facilities. Often this area is an outside shed or an enclosed corner of an existing building
- 'with two outside walls. All peroxide equipment, including the semibulk containers, peroxide pump,
~ -~ peroxide filter, etc., should be housed inside the enclosed area. The electrical classification inside the
rr'encloeure should be Class 1, Group D, Division 2. The enclosure should be protected by an
" automatic deluge spnnkler system designed to deliver 0.3 gpm/ft? of floor area. The enclosure

, ;should also include provisions for ventilation, drainage, and comfort heating.
--=>7" The hot water equipment, including the tank, pump, heater, and high-temperature alarms,
, "sllould all be located outside the enclosure. Such an arrangement allows the electrical classification

o for the hot water equipment to be Nonhazardous.
. . ~Construction details of the melt station enclosure will vary, depending on the specific location
S e chosen by the customer. Hercules should be consulted regarding potential locations and specific
o reeommendenons : '

Safety Pneeuione for Di-Cup SBC Storage Area
The following safety precautions must be adhered to in the storage area for Di-Cup peroxides:

,Amm__m&;-mhghmﬂdh.mnmtpfﬂ\mt_henrtmemmnﬂantbnﬂdmns.

R n

‘and publlc neighboring localities so that a fire in the storage area will not Jeopardnze them.
® SBC's are never to be double-tiered.

e The storage area should be under cover, protected from direct rays of sunlight (a shed with
walls on the sun-exposure sides provides this protection).

® The storage area building should be constructed of noncombustible materials.
o The storage area should be sprinkler-protected.

o The storage area should have sufficient natural or mechanical ventilation to prevent the
temperature of the Di-Cup from exceeding 125°F (52°C).

® The electrical classification of the storage area should be Nonhazardous for storage of
unopened containers. '



Product Safety
This product may be considered hazardous under the U.S. Occupational Safety and Health Act of
1970. A Material Safety Data Sheet should be obtained prior to use of this product. Toxicological

data are available in Hercules Technical Data Bulletin ORC-204.

!
ORC-203
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Safety Precautions (Continued)
® At least one fire hydrant with sufficient lengths of hosc should be loeated preferably not closer
than 50 ft nor more than 150 ft from the storage area.
o The storage area should be protected against access by unauthorized personnel
e Smoking in the storage area is prohibited
e Housekeeping in and around the storage area should be maintained to prevent accumulation
of easily combustible materials such as dry grass or paper.
e No acids or other chemicals, such as Friedel-Crafts catalysts, reducing agents, and oxidation
catalysts, are to be stored in an area used for Di-Cup.
e The storage area should be isolated from storage areas used for flammables such as solvents.
Waste Disposal
All waste Di-Cup, or materials containing appreciable quantities of it, should be disposed of in
accordance with local, state, and Federal regulations.
Caution: Do not mix concentrations or solutions of Di-Cup with other chemical wastes. Do not put
solutions containing Di-Cup into sewer systems.
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Figure 2
Top View of SBC, Showing Removable Lid, Figure 3
Hot Water Connections, S$BC With Lid Removed,
and Eductor Pipe Connection for DI-Cup Showing Internal Hot w-urcous
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- Tomperature indicator,
“Temperature indicator control alarm.
High-temperature cutou {stops pump for Di-Cup).
Pressure indicator. '

vdvn. {See Table 1.)
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Table |
Safetly Features included in Figure 4
Triggering
Temperature Safety Feature and/ov Deecription Corrective Action Required
122-129°F (50-54°C) Normal hot water control temperature No corrective action required.
131°F (55°C) First high-temperature alarm system— Determine cause of excessive water
sounds horn, activates amber light, and temperature. Correct and restart water
stops hot water circulating pump. pump.
136°F (58°C) Fusible plug {(on water piping and/or Determine why water temperature is
SBC) meits and diverts hot water flow excessive and correct; replace fusible
away from SBC. plug.
140°F (60°C) High-temperature cutout on peroxide Determine cause of pump overheating
pump is activated, which stops pump. or overtemperature peroxide.
168°F (70°C) Second high-temperature alarm sys- Emergency action required. Introduce
tem—sounds siren, activates red light, cold water into coils of semibulk con-
and stops hot water circulating pump. tainer by opening valves & and ® and
closing valve©). Cool peroxide back to
122°F (50°C).
176°F (80°C) Beyond this temperature it may be diffi- Emergency action required. Manually

cult ta stan ranid decomnaogition

........ o

trin dalune anrinklar evetam nraotactina
trip deluge sprinkiar gyelam protecling

melt staticn. Keep personnel away from
area.
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00to 100-gal glmmudor glnsa-llmd atm sphc- 7> storage tank.
contrmgmypo 259pm'atsom-|o.

s ,_%-in copper Bond to peroxide piping and equipment with
“ .~ Thermon grade T-85 heat-transfer cement.

Note: A special temperature-limited electrical tracing system

- known as Chemelex Auto-Trace < an acceptable alternative to hot

* - watertracing. Thissystemisme . actured by Raychem Corpora-
tion, 837 Second Avenue, Rec .ood City, CA 94063. it must be
specified as Factory Mutual approved for us: in a Class 1, Group

-D, Division 2 electrical classified area. In suuition, the Chemelex
system must be engineered so that the Di-Cup temperature will

: ..o . .. notexceed 122°F (50°C).
o Ho! mm . Belland Gossetttype SU or equivalent, 22-f2 carbon steel shell,
- g S - ¥%-in.-OD copper tubes.
' Fuuuo plug . Meits at 136°F (58°C). Plug has 1-in. NPT and is available from
'VW hoses (2) o 'Rubber, with 1-in. NPT end adapter.
Water hou eonnoctlom 2 1-in. 303 stainless steel quick-cornect Hansen 8-HK LL8-H36
- (Connect t0 semibulk with internal shutoff valve (socket on supply hose).
" 1<in. 303 stainless steel quick-connect Hansen 8-HK LL8-36 with
I o internal shutoff valve (plug on return hose).
Hot water flow indicators Ernst Gauge Company or equivalent, 200-psig, 200°F rotating
wheel.
lmul.ﬂqn o Fiberglass for hot water tank, pump, heater, and piping.
Temperature indicator Taylor or equivalent dial thermometer, 32-212°F (0-100°C) range.
Steam control valve ‘ ' 1-in. carbon steel; requires air to open (closes on air failure).
Temperature control . Local 'tempontun indicator/controller, Foxboro or equivaient
preumatic type, 32-212°F (0-100°C) range.
Alarm horn, alarm siren, Electrically tied in with above temperature controller. Aiarm horn
and warning lights and amber light set at 131°F (55°C). Provide an alarm silence
button to silence horn, but allow pilot light to remain energized.
. ' - Alarm siren and red light set at 158°F (70°C).

Locate horn, siren, and waming lights in a location where
empioyes are always present.
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Hot Waier System (Continued)
Level-indicating control

Low-pressure air connection

Customer’s choice.

For blowing out residual water left in coils after emptying an SBC.

Hercules Semibulk Container and Auxiliaries

Semibulk container

Ground clamp
Dipstick

Water coil connections (2)

Peroxide connection (dip pipe)

Fusible piug

Temperature indicator

Agitator

Special cover

Exhaust fan

(Vg 1. du Pont de Nemours & Co.

Provided by Hercules. DOT Specification 57 portable tank.
45',-in. OD X 64 in. high, 460-gal volume, 400-gal operating
capacity, 3,500 Ibs net weight of Di-Cup, 4,300 Ibs approximate
gross weight, 304L stainless steel construction. Has 2214-in.-OD
removable lid secured by a removable weak chime closure. Lid
includes a threaded Rieke fitting frangible relief device with a set
pressure of 3 psig. Container has approximately 150 lin ft of 1-in.
304L stainless steel internal heating coil and a single 304 stainless
steel 1Y,-in. eductor pipe and well. Fittings terminate in quick-
connect Hansen couplings as described below. Bottom of
container has two box channels suitable for movement by a
forklift truck.

Stewart R. Browne or equivatent VUD-100 temporary bonding
and grounding device.

Used for determining liquid level in SBC, 7-ft-long stainless steel
rod.

By Hercules on semibulk container. 1-in. 303 stainless steel quick-
connect Hansen 8-HK LL8-K36 with internal shutoff valve (plug
on coil inlet connection).

1-in. 303 stainless steel quick-connect Hansen 8-HK LL8-H36
with internal shutoff valve (socket on coi! outlet connection).

By Hercules on semibulk container. 17,-in. stainless steel quick-
connect Hansen 12-HK LL12-H41 with internal shutoff vaive and
Viton!? O-rings {sockst on dip pipe ou

By Hercules on SBC water coll inlet tee c~nnection. Melts at
136°F (58°C). Plug has 1-in. NPT.

By Hercules on outside of semibulk container. Two indicating
labels supplied. Color darkens at 120, 140, 160, and 180°F (49, 60,
71, and 82°C).

Variable-speed air-motor-driven portable agitator, stainiess steel
blades and shaft, with 4-ft shait. Gast Manufacturing Company or
equivalent.

Aflat, loose-fitting stainless steel cover provided by the customer.
Cover provides support for portable agitator and includes two
sleeves for insertion of two flexible hoses (peroxide recirculation
line and relief valve tailpipe).

Depending on the arrangement and location of the semibulk
melting station, the exhaust fan can be either a wall fan serving
the semibutk meit room or a local exhaust fan near the top of the
tank. Check with Hercules for specific application guidelines.
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1. stainless steel quick-connect Hansen 12-HK LL12-K41
with internal shutoff vaive and Viton O-rings (plug on peroxide
hose).

- 1%in. stainiess steel flexible hose, length to suit.
R =1} minleu steel flexible hose, length to suit.
_ Stainless steel fiexible hose, length to suit.

1-in. Schedule 40 Type 304 or 316 stainloss steel, and stainless

~ steal ball valves.

Note: Do not use any copper, copper alloys, lead, oriron in direct

contact with Di-Cup. These materials will catalyze the peroxide

e e .. ..... . .. . andcould result in decomposition.

~Peroxide gasketing, O-rings, Tefion(") (Di-Cup attacks ali natural and most synthetic rubbers).

. -and pipe dope '
‘Peroxide pump Self-priming centrifugal or rotary gear pump. Viking heavy-duty
: . alloy pump, Model H 4724, 10 gpm, 50-psig discharge pressure,
1,200 rpm, Class I, Group D, Division 2 motor. Pump casing and
all wetted parts 316 stainless steel complete with mechanical seal
(minless steel, Teflon, carbon graphite, and stellite). Pump tobe
completely jacketed with jacketed headplate for hot water

. ] heating and provided without internal relief valve.

" Relief valve : " Stainless steel, 150-psig set pressure. Route tailpipe to semibulk
- - container.

Peroxide filter Cartridge filter, Fullflow or United, 10 gpm, 316 stainless steel
housing and cartridge, 10-micron cotton filter fabric. Hot water
jacketing optional.

Heat tracing Note: All peroxide piping, fittings, vaives, fiiters, etc., must be
heat-traced with hot water or electrical tracing as noted under
Hot Water System.

Insulation All peroxide piping, valves, filters, pumps, etc., should beinsulated
with a noncombustible, nonwicking-type insulation such as
Foamglas.@

High-temperature cutout Temperature switch. United Electric Control, Class I, Group D,

for peroxide pump Division 2, 15 amps, normally closed. Set to open (stop pump) at
140°F (60°C).

Pressure indicator Stainless steel, 0 to 200-psig range.

min.mmamnaca
(2)prtsburgh Coming Comp.
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ORC-201
ORC-202

ORC-203
ORC-204

Di-Cup Dicumyl Peroxide—Vulcanization Agent and Polymerization Catalyst

Di-Cup Dicumyt Peroxide—Safety Aspects of Storing and Handling 55-Gallon
Shipping Containers

Di-Cup Dicumyl Peroxide—Summary of Hazard Tests

Di-Cup Dicumy! Peroxide and its Decomposition Products—
Summary of Toxicological Investigations

Material Safety Data Sheets (MSDS)

OR-614
OR-615

Di-Cup R Peroxide
Di-Cup T Peroxide




NEQUUAR mmus NO. m—rn-sooo
EMSAGENCY TELEPHON NO. 302806 3000
Vm m‘ -

'y TLV-TWA VALUES
ADOPTED 8Y ACGIH 1981

TD-IO‘ Not established :

MELTING POINT | 38°C C100°H) @ oo

SPECIFIC GRAVITY 1.04 at 25/25°C
{H:0=1) Salculated
PERCENT VOLATILE | 0.03 at 20°C (68°F)

Y VOLUME (%) : :
EVAPORATION RATE | 0.002
(BUTYL ACETATE=1)] -

oM

LOWER Not determined UPPER  Not detarmined

- »
, umlumm MEDIA: ’
[ SPecAL ARG FRHTING PROGEDU 'm.'-""on water to keep fire-exposed coutainers cool. Direct
. - | hose stremms !tu [ pronctd location.

Water spray, dry chemical, fosm, or carboun dioxide.

VUWMIAND txmon HAZARDS: VI, REACTIVITY DATA

m: ugtoq Mutual hu given -this ptcduct ‘™ organic peroxide Classification IV
when handled in DOT 17H drums. Class IV peroxides have moderate Fire haszard character-
- 1stics that can be easily contained by normal sprinkler systems aad fire walls.

&“&%ﬁ“m*mmmhmmmmnim

H'RCUL" lNCORPQRATID WILMINGTON, DELAWARE 19899
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V. HEALTH HAZARD DATA :
mmvm: m .m - N * s“, s“, S II. - ,’ P e ,,,,j;,,, SRR S ,’,”, - : 7,’
EFRECTS OF OVEREXFOSURE: Mild eye and skin irritaction. Decomposition products and
fumes from vulcanization and crosslinking operations may cause eye, skin, and =~

respiracory irritation and msy be skin sensitizers. Ses Hercules Bulletio ORC-204
for summary of toxicological icvestigatious. -

EMERGENCY AND SIRST AID PROCEDURES:

ETES: In case of coatact, immsdistely flush eyes with plenty of water for at
least 15 wminutes. Call a physicimn.
SKIN: Wash thoroughly with soap snd rumning watrr. Wash clothing before reuse.
INEALATION: Remove to fresh air and, 1if indicuted, give artificial respiraciom,
preferably south-to-mouth. I breathing is difficult, give oxygen.
Call a physicisn. Treat symptomstically.

-

VI. REACTIVITY DATA "
STABILUTY CONDITIONS TO AVOID: SCable at room Cemperatures. —avold tempera-

~UNSTABUL tures above $5°C (131°F) or contact with materials listed below.
STABLE Higher cemperatures or contact wvich listed materials promote
exotherwic decouposition.

w
INCOMPATIBILITY (MATERIALS TO AVOID;:. Acids and aciiic-type materials such as Friedel-
Crafts catalysts, strong oxidizing and reducing agents, and oxidation catalysts.

Copper, copper alloys, lead aad irom. )

w OECOMPOSITION PRODUCTS: Aretephenone, cwyl alcohol, a-aathyl 'styr;nc.
mathane, and ethane. Under acidic decomposition conditioms, pPhenols may also be
formed. Combustion products include CO, CO2, and generation of smoke.

ViIl. SPILL OR LEAK PROCEDURES

m'rou'mma [ umw.ls_nmm OR SPILLED: Salvage in clean, steal drums.
Absord excess in clesn sand and piace in clean, steel drums for disposal.

WASTE DISPOSAL METHOD:  Dispose of in sccordance with local, state, and Federal
regulations.

Vil. SPECIAL PROTECTION INFORMATION

RESPMRATORY PROTECTION | Nome required in normal use. Use self-concainsd breathing
{SPECIFY TYPE) apparatus in excessive fumes from product dscomposition.

(SENERAL)

%" Chemical resistant
[ OTHER FROTICTVE EQLIPVENT: —
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MAY CAUSE EYE, SKIN, AD RESPIRATORY )
'MAY BE SKIN SENSITIZERS. =

1°r) or pon:l.t contact with acuu and actuc-tnc

el=Crafts catalysts, strong oxidizing and reducing

 oxidation catalysts. Higher temperatures or contact with these
rials cause rapid, self-accelerating heating, and decomposition that

-¢container- rupture -and possible fire. Avoid contact with copper,
.; 1ud. ull n-an u contact v:l.th thcu matals nccclerntu

Wuh omghly \n.th soap and water afur handling.

:ns In case of coatact, immediately flush eyes with plenty of

-7 vater for at least 15 minutes. Call a physician.

nn Mthoru.hlyﬁthmndtmiuntnr. Wash clothing

= “before reuss.

nnnmn - Remove to fresh air and, if indicated, give artificial
rup!.uun. preferadbly mouth-to-msouth. If breathing
is diffiéult, give oxygen. Call a physician. Treat
syaptomatically.

7  ST0RAGE AFD BANDLING: Store balow 52°C (125°F) in original containers in a

‘VEATilaTed aTeA OUT Of diTect suniight amd away iTom
heat sources.

" SPILL OR LEAK: Salvage in clesn steel drums. Absorb excess in clean sand and
- © place in clean steel drums for disposal. Dispose of in
aeoﬁmo with local, state, and Federal regulatiouns.

MELTING PROCEDURE: Mealt by circulating hot water at S5°C (131°F) maximum
temperaturs throush coils provided in coutainer. Other heat sources
such as ovens, hot rooms, immersion heaters, and direct flame or
steam ars not safe. Please refer to appropriate Hercules literaturs that
offars a more cowprehensive procedurs for heating of this container.

MELTING PROCEDURE: USE WATER 3ATH OR WATER COILS ONLY. Heat must be
applied uniforuly without creating localized hot spots that might exceed
55°C (131°F). Other heat scurces such as ovens, hot plates, hot rooms,
immersion heaters, and direct flame or stesm are not safa. Plesse refer
to spproprisie Nercules literaturs that offers a more comprehensive
procedure for huua. of this entnm




Product Da

NUMBER 420-7
(Supersedes 420-6)

RETEN® 210 and 220
Cationic Water-Soluble Polymers

RETEN® 210 and 220 are cationic, high molecular weight acrylamide-based copolymers supplied
as finely divided powders. They dissolve readily in warm or cold water to produce clear, smooth,
non-Newtonian solutions of high viscosity for use in a variety of industrial applications.

Typical Properties® ,

Poly:ner Reten 210 Reten 220
Cationic functionality Moderate
Bulk density, ibs/ft? (kg/m?3) 42 (667) 42 (667)
Volatiles, as packed, max, % 15
Color . -a— Off-white to white —»
Particle size, %, on 20 mesh, max 1

Through 200 mesh, max 30

Solution
Viscosity (typical values),®) cps
0.5% solids solution
1.0% solids solution
pH,© 1% solids

(8)yhese values are not necessarily product specifications.
{P)Determined using a Brookfield model LVF viscometer with spindle speed of 60 rpm.

(Ch, diositiad watar

Outstanding Characteristics

An outstanding property of these Reten polymers is their affinity for the surface of aqueous
dispersed solids. The linearity of the Reten pelymer molecule in aqueous solution, coupled with
this affinity for surfaces, makes it a powerful bridging flocculant. Its high molecular weight
makes it a more efficient flocculant than other commonly used products.

Applications

Reten 210 and 220 polymers are used in aqueous solution, depending on type and solution
concentration, as a flocculant, slip agent, thickener, antistat, adhesive, film-former, solids-suspending
agent, and/or chemical cross-linking agent. These products are also substantive to protein and
demonstrate good specific adhesion to many hydrophobic surfaces.

The solutions are compatible with nonionic and most other cationic materials. Reten
cationic polymers may complex and precipitate from solution in the presence of high molecular
weight anionic resins and polyfunctional anions such as those found in detergents.

(over)

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers
in combination with our products, may be used. ‘Ne accepi no responsibility for resuits obtained by the application of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are atlvised to
inake their own tests to determine the safety and suitability of each such product or product combination for their own purposes.
Unlqss otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liability for loss or damage arising from the handling an- use of our products, whether used alone or in combination with other products.
MER. 27167 PRINTED INU.S.A.
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ionand handlmg
. mkeup water

_and residual chlorine of less than 1 ppm.

. Extremes of pH will degrade the polymer

“and will also ndversely affect the solution vis-

- cosity,-as shown in Figure 1. Makeup water

should be at pH 3.5 to 8 to obtain the highest
solution viscosity.

, To prepare solutions, the polymer should
_be added carefully to water under low-shear
_agitation, and stlmng should be continued
until the polymer is completely dissolved. High- Reten solution concentration
shear agitation should be avoided because it is 0.1% solids. :
- can-degrade the polymer. Additional informa-
- tion on solution preparation, together with
~equipment recommendmons, is available in
Bulletin VC-471, Preparation of Solutions of

Reten® Polymers.
Reten polymer solutions can support the growth of mlcroorgamsms, S0 a preservative may be

AT 10 UCSIOTEU. IUT UGSt StoTage swunny, thesolution FH should beinthers ienge

Brookfield Viscosity, cpe at 25°C -

3 5 7 9 1"
pH

of 3.5t05.0.

Shipping and Handling
Reten 210 and 220 are shipped as dry powders in 25- and 50-pound (11.4- and 22.7-kilogram),
polyethylene-lined multiwall bags. They should be stored in a cool, dry place.

Reten 210 and 220 have a low order of oral toxicity and are not priraary skin irritants or sensitizers.
In case of contact with the skin or eyes, rinse with running wate:.

Avoid spills of Reten 210 and 220 powders or solutions, as floors become slippery when wet. Use
an absorbent on spills and sweep up for disposal. :

FDA Status
Subject to any limitations specified, Reten 210and 220 are in compliance with the requirements of the
U.S. Food and Drug Administration as specified in the Code of Federal Regulations, Title 21, under
the following Sections:
176.170  Components of paper and paperboard in contact with aqueous and fatty food
176.180  Components of paper and paperboard in contact with dry food ‘

Product Sefety
Material Safety Data Sheets should be obtained prior to use of these products.



Toxicological Da

BULLETIN T-112C
(Supersedes T-1i2B)

Cationic RETEN® Products

Summary of Toxicological Investigations

Chemical Composition and Properties
RETEN® 205, 210, and 220 are a family of high molecular weight synthetic polymers that
possess strong cationic functionality. They differ only in cationic substitution, with Rz=ten 220
having the highest.

These cationic Reten products are supplied as powder or granules that dissolve readily in
either cold or hoi water to produce viscous, non-Newtonian, shear-thinning solutions.

Results of studies with all three products are reported in this bulletin. Reten 205 was used
in the initial studies. Since Reten 220 has the highest cationic substitution, it was used for the

in-depth toxicological studies.

Acute Oral Toxicity
A 1% aqueous solution of Reten 205 was administered to rats at 463 milligrams/ kilograms, the

highest single dose possible. This was accepted without toxic manifestations.

Acute Eye Irritation
Three milligrams of powdered Reten 205 were placed in the conjunctival sac of rabbits’ eyes,

without subsequent washing. Shortly after applic:tion, the test material became lodged in the
lower conjunctival sac to provide a continuai reicase of Reten 205. Moderate erythema and
vascularization of the sclera and nictitating membrane developed quickly, and persisted, without
progressing to greater severity, for 2 to 4 days.

One hundred milligrams of Reten 210 were instilled into the eyes of albino rabbits. The left
eye of each animal was rinsed for 2 minutes with tap water after a 1-minute contact puct
Transient iridal and conjunctival irritation was noted in both eyes within 1 hour after instillation.
Within 7 days, the ocular tissues of all animals returned to normal. Reten 210 was rated as
being mi!dly irritating to both washed and unwashed eyes.

Acute Dermal Toxicity

Reten 205 was applied to the clipped skin of rabbits in the form of a moist aqueous paste at
dosage levels up to 3,160 milligrams/kilograms for 24 hours. No systemic toxic effects were
observed. Mild erythema, which subsided within 2 days, was present.

Acute Inhaiation Toxicity

Mice, rats, and guinea pigs were exposed to a dust of Reten 205 for 6 hours at a concentration
of 0.049 milligrams/liter. The only abnormal behavior observed was a slowed and deepened
respiration. On autopsy, there was slight congestion of the lungs, but all other tissues and
organs were normal.

This bulletin has been prepared as a service to Hercules customers to summarize the results of our own research and the research
of others as of the date of issue. It is believed to be reliable. However, we make no guarantee that the studies and conclusions
drawn from them are complete, dafinitive, and adequate for all purposes. Purchasers shouid, therefore, determine for themselves
the applicability and completeness ofmosestudiesaswdlasmesuﬂabﬂnyandsahtymmmwwhrmywm.
All Hercules products are warranted to be of our standard quality; there are no cthar wamantics, either expressed or implied.

HER. 27475
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evea hanges at ahy feedmg level with the exception of a
aits: 9f femnle 'rm fed 10,000 and 50000 ppm In hght of these

y for 90 days to rats at concentratlons of 500, 2,000, and 10 000 ppm.
“the_course of the tests included rate of growth, mortality, general
, nutologlc studies, and urinalysis. After sacrifice, gross and microscopic
: thologlc studles mcluded gross autopsy examination, organ weights, and histologic examina-

" tions of organs. The resnlts of these examinations showed no significant effects at any dietary

- lubleuh m-o-y) Peeding Shudies — Dogs
- “Reten 205 also was fed daily for 90 days to beagles at concentrations of 500, 2,000 and 10,000 ppm.

.. There were no significant toxic effects as measured by general behavior or reactions, mortality,
_urinalysis, hematologic studies, clinical blood chemistry studies, gross pathology, and mxcroscopxc
pnhology at any dletary level. The only significant effects found were a depression in weight

- gain-among animals in the 10,000-ppm group because of partial food refusal and subsequent
- reduced food consumption. This caused slightly elevated organ-to-body weight ratios among the

‘animals at the 10,000-ppm level. No other effects were revealed, and it was concluded that the
“no effect level is 2,000 ppm

. Fﬁty-f ve subjects were patch-tested by the Draize closed-patch repeat-insult technique with
0.5 milliliter of a 2% aqueous solution of Reten 205. The subjects received 24-hour exposures 3
times a week for 3 weeks; and after a 2-week rest period, they received a challenge application.
~_No primary irritation or sensitization was observed with any of the subjects.

Chronic (2-Year) Oral Toxicity — Rats

‘Two-year chronic oral toxicity studies have been conducted on Reten 220. The polymer was
incorporated into ground commercial diet and fed to rats at dietary levels of 10,000, 2,000, and
500 ppm. A control group of rats received the stock diet.

The observations made during the course of the study included body weights, food
consumption, mortality, behavioral reactions, hematologic studies, clinical blood chemistry
studies, urinalysis, and tumor incidence. After sacrifice, gross and microscopic pathologic
studies included gross autopsy examination, individual organ weight evaluation, and complete
histologic exa::-nation of organs.

The results of these examinations demonstrated no significant toxic effects at any dietary
level.




Chronic (2-Year) Oral Toxicity — Dogs

Two-year chronic oral toxicity studies have been conducted on Reten 220. The polymer was
incorporated into ground commercial diet and fed to beagles at dictary levels of 10,000, 2,000,
and 500 ppm. A control group of beagles received the stock diet.

The observations made during the course of the study included body weights, food
consumption, mortality, behavioral reactions, hematologic studies, blood chemistry studies, liver
and kidney function tests, and urinalysis. After sacrifice, gross and microscopic pathologic
studies included gross autopsy examination, individual organ weight evaluation, and complete
histologic examination of organs. The resuits of these examinations showed no significant toxic
effects at any dietary level.

Three-Generation Reproduction Study in Rats

A 3-generation, 6-litter reproduction study in albino rats has been conducted with Reten 220.
The resin was incorporated into ground commercial diet and fed to the rats at dietary levels of
2,000 and 500 ppm. A control group received the stock diet. Animals of each generation in all
groups were maintained on their respective diets without interruption until their sacrifice which
followed the weaning of the second litters. Weanlings from the second litter were selected as
parents for the second generation and continued on their respective diets until after weaning of
a second litter. A third generation was selected in the same manner. Complete gross pathology,
organ weight evaluation, and microscopic pathology were performed on all 3 parental genera-
tions following the weaning of the second litters in each case. After weaning of the last litter, the
weanlings were subjected to complete gross microscopic pathology.

Observations on the progeny included population data, survival, body weights, and reactions
and abnormalities. The parental animals were observed for body weights, mortality, reactions,
hematologic studies, urinalysis, gross and microscopic pathology of organs and tissues, organ
weights, and reproductive performance.

The results demonstrated no significant differences between control and test animals fed
Reten 220.






