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Explosives Lab Testing

In order to apply for a Competent Authority (CA) Approval for exemption from hazardous
materials transportation regulations, Essential Ingredients was required to submit product
samples for testing by a DOT approved explosives test lab. Safety Consulting Engineers, Inc.
(SCEINC) has concluded necessary DOT/UN testing per established guidelines for Self-
Reactive Substances and Organic Peroxides.

The test results are intended to be useful for application for CA Approvals for transportation
exemptions to allow the identified dibenzoyl peroxide products to ship as non-hazardous, “Type
G” Organic Peroxide classification. In addition, the test results offer parallel information
applicable to National Fire Protection Association (NFPA) Code 432 for the storage of Organic
Peroxide Formulations.

Summary of Results

Test results indicate the product displays the characteristics of organic peroxide Type G which
will not detonate in a cavitated state, will not deflagrate at all, shows no effect when heated
under confinement, and shows no explosive power. Those same results also indicate the
characteristics of NFPA Class V Organic Peroxide Formulations such that it burns with less
intensity than ordinary combustibles or does not sustain combustion. Curoxyl BP 42 USP Gel
presents minimal reactivity hazard.

Product Tested:

» Curoxyl BP 42 USP Gel (mixture of DBP, Modifiers, and water)

The testing and analysis conducted per Code of Federal Regulations (CFR) requirements, Part
49- Transportation, Part 173.124, revised as of October 1, 2008. Per CFR recommendations,
tests may be determined by the test method described in the United Nations Recommendations
on the Transport of Dangerous Goods, Manual of Tests and Criteria, Fourth Revised Edition
(ST/SG/AC.10/11Rev.4,2003).

The following is the sequence of testing of 49CFR/UN requirement as recommended by the flow
chart scheme figure 20.1(a) & (b) for a Self-Reactive Substances Organic Peroxides.

-To determine if a material is too dangerous (forbidden) to transport (Screening Tests)

-To determine if there is ability for propagation to detonation (Test series A, Test A.6)

-To determine if there is ability for propagation to deflagration (Test series C, Test C.1)

-To determine the effect of heating under defined confinement (Test series E, Test E.1&E.3)
-To determine the explosive power (Test series F, Test F.5 or F.4)

-To determine the thermal stability at desired temperature (Test series H. Test H.1 SADT)
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Figure 20.1 (a):
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TEST DESCRIPTIONS AND RESULTS

DOT/UN Test 3(a) (i) BOE Test of Impact Sensitivity

The Bureau of Explosives’ impact sensitivity tester is used for this test. Impact energy is
imparted to the sample by means of a falling weight. The limiting impact energy is determined
as the lowest energy at which a flash, flame, or explosion is observed. The test is used to
assess the sensitivity of the test material to drop-weight impact. This test is a part of UN Test
Series 3 which is used to assess the ignition sensitivity of suspected explosive materials.

UN/DOT Test 3(b) (iii) Strip Friction Sensitivity Test

Tests measure the sensitiveness of the substance to frictional stimuli and determine if the
substance is too dangerous to transport in the form tested. Testing is conducted utilizing a
sliding strip friction tester. Tests are conducted with various load weights of 10, 20, 30, 40, 50,
60 Ibs.
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DOT/UN Test 3(d) Small Scale Burning Test

The small-scale burning test is used to determine the response of a substance to fire. Small
samples of the test material are placed into a small plastic cup which is placed on a pile of
kerosene-soaked sawdust. The sawdust is ignited and the behavior of the test material is
observed. As many as four (4) trials may be performed - two (2) trials for a 10 gram sample
size and two (2) trials for a 100 gram sample size. The small scale burning test is a part of UN
Test Series 3 which is used to assess the ignition sensitivity of suspected explosive materials.
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DOT/UN Test 3(c) Thermal Stability Test at 75C

This test is used to measure the stability of the substance when subjected to elevated thermal
conditions to determine if the substance is too dangerous to transport. In dealing with a new
substance, the sample will be subjected to the 75T tempe rature for 48 hours. If explosion or
ignition occurs then the substance is too thermally unstable for transport.
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DOT/UN TEST E.1: KOENEN TEST

The Confined Heating Testing using the Koenen Tube Apparatus is used to assess the
sensitivity of the test material to the effect of intense heat under confinement. The sample
material is packed into a Koenen tube to a level 15 mm from the top. The tube is capped with
an orifice plate and heated along its entire length by four (4) burners positioned around the tube.
The orifice diameter is decreased (or increased) until the increased confinement causes the
reaction to burst the tube. The critical orifice diameter is determined as the largest diameter for
which an explosion is observed. The test result is used to assess the sensitivity of the test
material to the effect of intense heat under confinement.
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DOT/UN TEST A.6 DETONATION TEST

Test is used to measure the ability of a substance to propagate a detonation by subjecting it to a
detonating booster charge under confinement in a steel tube. Carbon steel tube of 60+1-mm
outer diameter and 500+5-mm long will be used as the test container. Two (2) tests will be
conducted for each material unless the detonation of the substance is observed in the first test.

Two tests also performed with inert material of same physical state. The tests may be
conducted in the cavitated state.

The test results are assessed on the basis of type of fragmentation /withess plate conditions of
the sample tube compared to that of the inert tube conditions.
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DOT/UN TEST C.1: TIME/PRESSURE TEST

The Time/Pressure Test is used to measure the ability of a substance under confinement to
propagate a deflagration. It may be used to answer the question in boxes 3, 4 and 5 of Figure

20.1.
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The test is used to assess the effects of igniting a substance under confinement in order to
determine if ignition leads to a deflagration with explosive violence at pressures that can be
attained with substances in normal commercial packages. The test is performed using a
specially-designed cylindrical steel pressure vessel equipped with a pressure transducer. One
end of the cylinder is fitted with a bursting disk and plug which are removed to introduce the
sample, then replaced and secured. The other end of the cylinder is fitted with the firing

assembly.

The test criteria are as follows:

“Yes, rapidly” - The time for a pressure rise from 290 kPa to 2070 kPa is

less than 30 ms.

“Yes, slowly” - The time for a pressure rise from 690kPa to 2070 kPa is
greater than or equal to 30 ms.

“No” - A pressure rise to 2070 kPa above atmospheric is not

achieved.

TABLE 7

Time Pressure Test Result

Material Tested: Curoxyl BP 42 USP Gel
Ignition Source: Primed Cambric System

Time for a
Amount Maximum Pressure Rise
of peak from 690 to
Sample Pressure 2070 kPa
Trial # (gm) (kPa) (min:sec) Results
1 50 454 Negative; pressure equal or greater than
' 2070 kPa not achieved.
2 50 448 Negative; pressure equal or greater than
) 2070 kPa not achieved.
3 50 454 Negative; pressure equal or greater than
' 2070 kPa not achieved.
4 50 605 Negative; pressure equal or greater than
) 2070 kPa not achieved.
5 50 379 Negative; pressure equal or greater than
' 2070 kPa not achieved.
6 50 448 Negative; pressure equal or greater than
) 2070 kPa not achieved.

Overall Test Result:
Based on criteria above: “No”
A pressure rise to 2070 kPa above atmosphere is not

achieved.
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DOT/UN TEST E.3: UNITED STATES PRESSURE VESSEL TEST

The USPVT determines the sensitiveness of the substance to the effect of intense heat under
defined confinement. The desired amount of the sample is placed inside of US pressure vessel
and heated up in controlled heating jacket. The orifice diameter of the test apparatus is
decreased (or increased) until the increased confinement causes the reaction to burst the rated
rupture disc. The critical orifice diameter is determined as the largest diameter for which an
explosion is observed. The test result is used to assess the sensitivity of the test material to the
effect of intense heat under confinement. It may be used, in conjunction with an additional
heating under confinement test, to answer the questions in boxes 7, 8, 9 and 13 of Figure 20.1

Test Criteria and Method of Assessing Results:

The smallest orifice diameter which does not cause a rupture disc to burst during decomposition
is designated as the USA-PVT number. This value is used as a measure of the effects of
heating a substance under defined confinement. USA-PVT ratings for all substances are based
on the same test conditions and heating rate.

The effect of heating under confinement of the substance is defined by the following criteria:

“Violent” - Substances having USA-PVT numbers 9.0 to 24.0.
“Medium” - Substances having USA-PVT numbers 3.5 to 8.0.
“Low” - Substances having USA-PVT numbers 1.2 to 3.0.
“‘No” - Substances having USA-PVT number 1.0.

Table 8

U.S. Pressure Vessel Test Results

Material Tested: Curoxyl BP 42 USP Gel
Heating Rate: 0.5(:1°K/sec

Orifice
Amount of Diameter Time-to-
Sample Size Reaction
Trial # (gm) (mm) (min:sec) Observation/Remarks
Puff of smoke and/or byproduct
1 5.0 2.0 escaped through the orifice. No

rupture disc burst.

Puff of smoke and/or byproduct
2 5.0 1.0 escaped through the orifice. No
rupture disc burst.

Puff of smoke and/or byproduct
escaped through the orifice. No
rupture disc burst.orifice. No
rupture disc burst.
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1.0

Puff of smoke and/or byproduct
escaped through the orifice. No
rupture disc burst.

5 5.0

1.0

Puff of smoke and/or byproduct
escaped through the orifice. No
rupture disc burst.

Overall Test Result: “No”

(substances having USA-PVT number 1.0)

DOT/UN TEST F.5: HIGH PRESSURE AUTOCLAVE TEST

The high-pressure autoclave test measures the specific energy (as a function of the maximum
pressure rise) of the substance. Varying the quantities of the substance are heated in a sealed
vessel and the maximum pressure rise obtained for each sample size is measured. Varying
quantities (M,) of substance are heated in a sealed vessel (of volume V) and the maximum
pressure rise (P,) obtained for each sample size measured. The specific energy (J/g) is
determined from the slope of V/M, versus 1/P,,. The test may be used to answer the question in

box 12 of the Figure 20.1

Test Criteria and Method of Assessing Results

The test criteria are as follows:

“Not Low™ -  Specific energy greater than 100 J/g.
“Low™ - Specific energy > 5 J/g and < 100 J/g.
“No™ - Specific energy less than 5 J/g.
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Table 9

High Pressure Autoclave Test Results

Material Tested: Curoxyl BP 42 USP Gel
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Amount
of
Sample

Trial # (gm)

Heating
Power*
(watts)

Maximum
Pressure

(Psig)

Time to
Maximum
Pressure

(sec)

Observation/
Remarks

96

31.4

76

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state.

96

62.8

132

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state.

96

163.3

100

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state.

96

209.4

184

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state. .

96

345.5

66

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state.

6 20

96

183.2

84

No ignition. Localized
discoloration/ reaction of sample
only around Ni/Cr wire coil.
Sample also changed from gel to
more liquid state.

Overall Test Result: “No”

(Specific energy less than 5 J/g.)
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DOT/UN TEST H.1
UNITED STATES SELF-ACCELERATING DECOMPOSITION TEMPERATURE (SADT) TEST

This test method is to determine the minimum constant temperature air environment at which
auto-accelerative decomposition occurs for a substance in a specific package. Packages of up
to 220 liters (55-gallon drum) may be tested by this method. An indication of the thermal
decomposition reaction of a substance can be obtained for further assessment. The package
material is weighed before the test and will be equipped with thermocouple probe(s). Both the
sample temperatures and oven temperature will be monitored. The sample is heated (or
cooled) to the desired test temperature. The temperatures will be monitored continuously. The
time starts when the sample temperature reaches 2C be low the test chamber temperature. The
test is then continued for seven days or until the sample temperature rises to 6<C or more above
the test chamber temperature if this occurs sooner.

Table 10
Self-Accelerating Decomposition Temperature (SADT) Test Results

Material Tested: Curoxyl BP 42 USP Gel in 55-gal HDPE drum (UN Rating
1H2/Y250/S/USA)

Overall test result: The packaged Curoxyl BP 42 USP Gel did not undergo an exothermic
decomposition in the constant air environment temperature of 55°C. The packaged Curoxyl BP
42 USP Gel did undergo an exothermic decomposition in the constant air environment
temperature of 75°C. The SADT, control and emergency temperature based on 49 CFR part
173.21 (table) as follows:

SADT Temperature: >55°C, <75°C
Control temperature Not Required for 55-gallon or smaller drum size
Emergency temperature: not applicable for 55-gallon or smaller drum size
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