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1 Test Methods  

1.1 Impact Sensitivity Testing  
 
Impact sensitivity testing was performed using a modified Bureau of Mines (MBOM) 
impactor manufactured by Safety Management Services, Inc.  Type-12 tooling was 
utilized on this machine with a 2.5kg impactor and matching intermediate mass.  This 
particular machine is capable of a maximum drop height of 115cm with 0.1cm 
increments, though 1cm increments are typically used.  Sample material was placed (35 ± 
2mg) onto 1 inch squares of Norton brand 180A Garnet sandpaper.  Positive results were 
detected visually or audibly by the operator as smoke, flash, report, charring/tearing of 
the sandpaper, etc.  The test was conducted using the Bruceton technique to calculate the 
height at which there is a 50% chance of initiation (H50) [1].   
 

1.2 Friction Sensitivity Testing 
 
Friction sensitivity testing was performed on a BAM machine manufactured by UTEC 
Corp, LLC (Riverton, KS) using porcelain pins and plates manufactured by Reichel & 
Partner, GmbH (Steinweiler, Germany).  Stimulus levels are shown in Table 1. 
 
 

Table 1.  Stimulus levels (kg) for the BAM friction tester 

0.5 0.6 0.7 0.8 0.9 1.0 
1.2 1.4 1.6 1.8 2.0 2.4 
2.8 3.0 3.2 3.6 4.0 4.2 
4.8 5.4 5.6 6.0 6.4 7.2 
8.0 8.4 9.6 10.8 11.2 12.0 
12.8 14.4 16.0 16.8 18.0 19.2 
21.6 24.0 25.2 28.8 32.4 36.0 

 
 
Positive results were detected visually or audibly by the operator as smoke, flash, pops, 
crackles, etc.  Testing was conducted using the TIL (threshold initiation level) method, 
which is the load (N) at which zero reactions occur during twenty or fewer trials with at 
least one positive reaction at the next higher level.  The load in Newtons is calculated by 
multiplying the stimulus level (kg) by ten. 
 

1.3 ESD Sensitivity Testing  
 
Electrostatic discharge (ESD) testing was conducted using an ABL (Alleghany Ballistics 
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Laboratory) machine manufactured by Safety Management Services, Inc.  Voltage was 
held constant at 5000 ± 20V while capacitance was varied to adjust the energy levels.  
Typically used energy levels are shown in Table 2. 

 
Table 2.  Energy levels (J) for the ABL-ESD tester 

Capacitance 
(µF) 

Energy at 5000V 
(J) 

0.75 9.375 
0.5 6.25 
0.25 3.125 
0.1 1.25 
0.05 0.625 
0.02 0.25 
0.012 0.15 
0.006 0.075 
0.002 0.025 
0.001 0.0125 
0.0005 0.00625 
0.0002 0.0025 

 
For organic fuels (sugar, sawdust), results were determined through the use of an infrared 
gas analyzer (CO2/CO) - a 600 Series manufactured by California Analytical Instruments, 
Inc.  A change in concentration greater than 40ppm for either gas is considered a positive 
reaction.  A digital photograph was taken of each run as a supplemental record [2].  The 
specific camera used was a Nikon D90 DSLR camera utilizing a 200mm Nikkor lens.  A 
one second exposure was taken during each trial.  This camera system was utilized for 
reaction detection when testing inorganic fuels (Al powder).  Testing was conducted 
using the TIL method as described above for friction testing. 

1.4 Thermal Sensitivity Testing 
 
Thermal sensitivity testing was conducted using a Q2000 differential scanning 
calorimeter (DSC), manufactured by TA Instruments.  This method exposes a material to 
a ramping temperature while monitoring heat flow to/from the sample.  This can reveal 
temperatures of phase changes, glass/crystalline transitions, as well as decomposition or 
ignition.  TA Instruments stainless steel high pressure capsules utilizing gold plated 
copper seal disks were used for this testing.  Sample mass varies, but typically ranges 
from <1mg for energetics such as PETN to approximately 4-6mg for less energetic fuel-
oxidizer mixtures.  
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2 Test Materials 
 
Test materials consisted of various calcium nitrate (Calcinit) + fuel mixtures.  The 
calcium nitrate consisted of solution grade Calcinit fertilizer manufactured by Yara 
(Figure 1).  The fertilizer prills were ground in a blender and not dried prior to mixing by 
hand.  The Calcinit fertilizer was found to have an average moisture content of 16.5% by 
mass.  
 

    

Figure 1.  Calcinit fertilizer 

 
According to Skylighter specifications, the sawdust (wood meal) average particle size is 
approximately 140 mesh (~105μm).  The H-2 aluminum is a spherical (atomized) powder 
with a particle size range of 6-9μm.  The sugar consisted of the powdered confectioner’s 
variety.  All fuels were mixed as received and are shown in Figure 2. 
 
A specific test matrix is shown in Table 3.  Mixing ratios included three oxygen balance 
ratios:  1.4 (under fueled), 1.0 (stoichiometric), and 0.6 (overfueled) [3].   
 
 
 
Table 3.  Test matrix of Calcinit + Fuel mixtures.  Stoichiometric ratios shown in 
bold. 

Mixture Fuel Wt. % Fuel Manufacturer 
Calcinit + Aluminum (H-2) 49.9,  35.4,  26.5 Valimet, Inc. 
Calcinit + Sugar 52.9,  30.3,  20.2 C&H Sugar Company, Inc. 
Calcinit + Sawdust 44.2,  25.8,  17.3 Skylighter, Inc. 
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Figure 2.  Aluminum, sawdust/wood meal, and powdered sugar fuels 

 
 
In order to conduct large-scale testing (>500g) with these mixtures, a phased scale-up 
process was applied.  Phase I consisted of mixing 10g batches and conducting SSST.  
Once the results were reviewed, Phase II mixing and SSST was completed at the 500g 
batch level.  The results contained within this report will be reviewed prior to scale-up to 
Phase III (>500g). 
 
PETN (pentaerythritol tetranitrate) was used as a reference material [4].   
 
 
 
 
 
 
 
 
 



SNL-SSST Report 

           SNL-SSST Report  5 
 

3 Results 
 

3.1 Impact Sensitivity Testing Results 
 
Test results for impact sensitivity are shown below (Tables 4-5).  
 

Table 4.  Impact sensitivity test results and conditions; Phase I (10g mix batches) 

Mixture - Phase I (10g batch) Test Date
H50                   

(cm)
Temp.  

(°C)
RH  
(%)

PETN* Multiple 12.5 ± 0.8 22.3 35.1
Calcinit + Sugar (52.9%) 4/14/14 > 115 24.6 15.2
Calcinit + Sugar (30.3%) 12/3/13 > 115 20.4 22.1
Calcinit + Sugar (20.2%) 12/4/13 > 115 21.3 21.7
Calcinit + Al (49.7%) 4/18/14 > 115 20.9 27.1
Calcinit + Al (35.4%) 4/15/14 > 115 22.2 17.3
Calcinit + Al (26.5%) 4/17/14 > 115 23.4 20.7
Calcinit + Sawdust (44.2%) 4/24/14 > 115 21.9 17.8
Calcinit + Sawdust (25.8%) 4/21/14 > 115 21.1 37.7
Calcinit + Sawdust (17.3%) 4/22/14 > 115 21.1 31.4
   *Results averaged from multiple test series 
 
 
Table 5.  Impact sensitivity test results and conditions; Phase II (500g mix batches) 

Mixture - Phase II (500g batch) Test Date
H50                   

(cm)
Temp.  

(°C)
RH  
(%)

PETN* Multiple 12.5 ± 0.8 22.3 35.1
Calcinit + Sugar (52.9%) 5/20/14 > 115 22.9 12.8
Calcinit + Sugar (30.3%) 5/15/14 > 115 23.3 12.9
Calcinit + Sugar (20.2%) 5/19/14 > 115 21.8 13.9
Calcinit + Al (49.7%) 5/16/14 > 115 20.8 20.5
Calcinit + Al (35.4%) 5/13/14 > 115 21.9 21.7
Calcinit + Al (26.5%) 5/14/14 > 115 21.6 24.9
Calcinit + Sawdust (44.2%) 5/23/14 > 115 21.3 37.4
Calcinit + Sawdust (25.8%) 5/21/14 > 115 21.1 19.5
Calcinit + Sawdust (17.3%) 5/22/14 > 115 24.4 25.7

*Results averaged from multiple test series 
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All of the mixtures were found to have very little impact sensitivity.  A single reaction 
(spark) occurred when testing Calcinit + Al (49.7%) at the Phase II level.  Three reactions 
occurred (sparks) during testing of Calcinit + Sawdust (44.2%) at the Phase I level.  Since 
all of these reactions occurred infrequently, as well as at the maximum drop height of the 
impactor, they had no effect on the H50. 
 

3.2 Friction Sensitivity Testing Results 
 
Test results for friction are tabulated below (Tables 6-7).   
 
Table 6.  Friction sensitivity test results and conditions; Phase I (10g mix batches) 

Mixture - Phase I (10g batch) Test Date
TIL, 0 of 20                  

(N)
Temp.  

(°C)
RH  
(%)

PETN* Multiple 33 20.9 37.5
Calcinit + Sugar (52.9%) 4/14/14 324 21.6 16.3
Calcinit + Sugar (30.3%) 12/3/13 > 360 22.4 18.4
Calcinit + Sugar (20.2%) 12/4/13 > 360 21.7 21.1
Calcinit + Al (49.7%) 4/18/14 160 23.6 20.7
Calcinit + Al (35.4%) 4/15/14 180 21.8 18.4
Calcinit + Al (26.5%) 4/17/14 160 21.2 26.0
Calcinit + Sawdust (44.2%) 4/24/14 192 22.7 14.0
Calcinit + Sawdust (25.8%) 4/21/14 324 24.1 27.9
Calcinit + Sawdust (17.3%) 4/22/14 252 25.1 24.1
  *Results averaged from multiple test series 
 
Table 7.  Friction sensitivity test results and conditions; Phase II (500g mix batches) 

Mixture - Phase II (500g batch) Test Date
TIL, 0 of 20                  

(N)
Temp.  

(°C)
RH  
(%)

PETN* Multiple 33 20.9 37.5
Calcinit + Sugar (52.9%) 5/20/14 240 24.1 11.8
Calcinit + Sugar (30.3%) 5/15/14 192 23.3 12.9
Calcinit + Sugar (20.2%) 5/19/14 > 360 21.7 11.7
Calcinit + Al (49.7%) 5/16/14 192 20.0 20.5
Calcinit + Al (35.4%) 5/13/14 160 20.0 25.9
Calcinit + Al (26.5%) 5/14/14 180 23.6 21.8
Calcinit + Sawdust (44.2%) 5/23/14 240 20.9 45.9
Calcinit + Sawdust (25.8%) 5/21/14 288 20.4 17.2
Calcinit + Sawdust (17.3%) 5/22/14 240 22.5 25.0

*Results averaged from multiple test series 
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The majority of these mixtures displayed far less friction sensitivity than PETN.  Positive 
reactions were indicated by small orange/white flashes.  No flames, pops/crackles, 
jetting, or smoke was observed during testing.   
 

3.3 ESD Sensitivity Testing Results  
 
Test results for ESD are tabulated below (Tables 8-9).   
 
Table 8.  ESD sensitivity test results and conditions; Phase I (10g mix batches) 

Mixture - Phase I (10g batch) Test Date TIL, 0 of 20 
(J)

Temp. 
(°C)

RH  
(%)

PETN* Multiple 0.125 23.1 43.2
Calcinit + Sugar (52.9%) 12/5/13 0.150 22.8 19.5
Calcinit + Sugar (30.3%) 12/3/13 0.150 21.7 21.1
Calcinit + Sugar (20.2%) 12/4/13 0.150 22.9 18.4
Calcinit + Al (49.7%) 4/18/14 0.0125 20.8 23.8
Calcinit + Al (35.4%) 4/15/14 0.0125 18.3 19.3
Calcinit + Al (26.5%) 4/17/14 0.025 20.1 24.8
Calcinit + Sawdust (44.2%) 4/24/14 > 9.375 24.0 12.9
Calcinit + Sawdust (25.8%) 4/21/14 > 9.375 17.0 35.7
Calcinit + Sawdust (17.3%) 4/22/14 > 9.375 20.6 32.4
   *Results averaged from multiple test series 

 
Table 9.  ESD sensitivity test results and conditions; Phase II (500g mix batches) 

Mixture - Phase II (500g batch) Test Date TIL, 0 of 20 
(J)

Temp. 
(°C)

RH  
(%)

PETN* Multiple 0.125 23.1 43.2
Calcinit + Sugar (52.9%) 5/20/14 0.25 19.8 13.3
Calcinit + Sugar (30.3%) 5/15/14 1.25 21.9 13.9
Calcinit + Sugar (20.2%) 5/19/14 6.25 19.3 14.9
Calcinit + Al (49.7%) 5/16/14 0.0125 18.0 17.1
Calcinit + Al (35.4%) 5/13/14 0.0125 22.2 20.6
Calcinit + Al (26.5%) 5/14/14 0.0125 22.5 19.5
Calcinit + Sawdust (44.2%) 5/23/14 0.625 20.4 47.9
Calcinit + Sawdust (25.8%) 5/21/14 1.25 18.2 14.9
Calcinit + Sawdust (17.3%) 5/22/14 3.125 19.5 29.1

*Results averaged from multiple test series 
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All of the mixtures, except those containing aluminum, showed lower ESD sensitivity 
than PETN.  The relatively high sensitivity of the aluminized mixtures is very likely a 
result of the inherent ESD sensitivity of the aluminum fuel, and is likely to misrepresent 
the ESD sensitivity of the mixture, itself.  Regardless, large amounts of fine aluminum 
powder do represent a fire and/or dust explosion hazard that should be addressed.  The 
possibility of an explosion resulting from unintentional ESD ignition of these mixtures 
has not yet been investigated, but is planned for Phase III testing. 
 
Photographs were taken of all trials.  Several photographs of the positive reactions (via 
the gas analyzer) for both the sugar and sawdust mixtures show that ignition seems to 
begin as the material is dispersed into the air and does not propagate into the solid 
material (Figure 3).  It is important to note only the highest magnitude reactions 
displayed these ignitions.  All other reactions showed little difference (visually) from the 
non-reactions for these two fuel mixtures.  All positive reactions (via the camera system) 
of the aluminized mixtures were too bright to discern this amount of detail.  Non-
reactions at the same energy levels (Joules) are shown in Figure 4. 
   
 

   
 

Figure 3.  Positive reactions of sugar (52.9%, 1.25J), sawdust (44.2%, 1.25J), and Al 
(26.5%, 0.025J) mixtures 

 
 

   
 
Figure 4.  Negative reactions of sugar (52.9%, 1.25J), sawdust (44.2%, 1.25J), and 
Al (26.5%, 0.025J) mixtures 
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3.4 Thermal Sensitivity Testing Results 
 
DSC results are shown below.  Testing was completed on the stoichiometric mixtures.  
All samples were heated at a rate of 10°C/min.  Each plot includes the mixtures run in 
triplicate along with separate scans of the fuel (neat) and ground calcium nitrate (neat).  
DSC scans could not exceed 300°C due to manufacturer’s limitations on the stainless 
steel pressure capsules.  All scans clearly show endotherms at ~100°C due to 
vaporization of water due to 16.5% water content of the calcium nitrate in both the neat 
fertilizer form and in the mixture.  Initial exotherm onsets vary between 150-170°C. 
 
As when testing any physical mixture at such small sample scales, inconsistencies 
between duplicate runs are likely due to sample inhomogeneity.  Triplicate testing is 
performed in order to more clearly discern the lowest possible onset of exothermic 
behavior.    
 
 

 
 
Figure 5.  DSC results for Calcium Nitrate + Al (35.4%) 
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Figure 6.  DSC results for Calcium Nitrate + Sugar (30.3%) 

 

 
 
Figure 7.  DSC results for Calcium Nitrate + Sawdust (25.8%) 
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4 Summary 
 
 
Based upon the presented sensitivity data for the examined calcium nitrate mixtures using 
sugar and sawdust, contact handling/mixing of these materials does not present hazards 
greater than those occurring during handling of dry PETN powder.   
 
The aluminized calcium nitrate mixtures present a known ESD fire hazard due to the fine 
aluminum powder fuel.  These mixtures may yet present an ESD explosion hazard, 
though this has not been investigated at this time.  The detonability of these mixtures will 
be investigated during Phase III testing.    
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Appendix C: ESD Sensitivity Test Data 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABL ESD Test Results 

Cap. Energy Run# I Blank Image I 
(t.tF) ()) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

O.o< o.~ls v I 
Run Ref. Image -+ ~' 

o.c::/}- 0.1- S' 0 0 <!) 0 0 0 0 0 0 0 0 X 3 
Run Ref. Image -+ lt :5 ~ 7 l ' to ~J \1. .. l3 'lt ls 
tD,O( '). O,LS 0 0 0 0 0 0 C) 0 C) 0 0 () 0 Q () <:) 0 0 0 0 

Run Ref. Image ..... C7 lf l'l % ')..\ 1.).. ~3 'l4 ?-S' ?.IJ ?-7 ').~ '}Ill ~0 ~~ )';). 3"3 3L.f ~s 3!0 

Run Ref. Image ..... " 

Run Ref. Image -+ 

Run Ref. Image -t 

Run Ref. Image ..... 

Run Ref. Image ..... 

Run Ref. Image -+ 

Material: 
Date: 

Notes: 

·- ~ro~.v.~ C,fc.;"J -c: f"'wJ veJ ..r;sw-



ABL ESD Gas Analyzer Results (ppm) 

Cap. Energy Run#, Pre-shotiPost-shot 

(pF) (J) 1 2 3 4 5 6 7 8 9 10 

o.os 0 .b'J-.5 
C02 ct~C. I > .N M'-riv ~ ~ l/0-~ !lYl ~ co £{\. (., !1~-'1 

C02 i.tt.f}, ;4't~ i.l~ \ /45$ 4lt7 1450 4S0 jf.tS~ lf ss j~f.l lf(,l 14~ 4t3 147'-. L(?~ /l.ffl ~"7 j if11 lf'-S !473 

o.o~ o. 1-5 co i.j}-.0 ; l.f<..J, 41.1., j 4.?.4, 41. ~ /4S:S I Lt Lt ;tt L.l.f 'to., j i.fS.t,. 4l?.l# l't>-~ ifo. 3 I~~-~ 'f o.o /4. ~-7 )'t.') / itS-7 ~'{.~ ! 49.0 
C02 ttc-s l if"g Lf r..1 I 5ol! ~7'- j i.t7'\ ~7, /4"&~ ltfO I lft4 it~t 1/.t!O 't7'- I i(!O it7tt l't85 lf7~ j 4.ro tr~l jt.f(it 

0.0\'J. O.tS co ,:tf.lo/itl.~ 'li.lf I Lf~.'l ~-\ / Lt\.'1 lt·\ / 41-fl lt.O j 4'J..O l?.'\ lifl, 5 '3?.~ /'-tl.S :l?.S / J~.S' 31.7 / LJO.t 37.3/ 41.3 
C02 I I I I I I I I I I 
co I I I I I I I I I I 
C02 I I I I I I I I I I 
co I I I I I I I I I I 

11 12 13 14 15 16 17 18 19 20 

C02 4foJ j 4lo~ 'tb.S ; sq~ !1t'v ~ /V\ V}/ VrV ~ ~v M-co '3~.\ I 45-" :u., / b.?.), I 
C02 ~cto / 4tt'1 4tt 3 / 't1H .. ttt> l it'\\ 4r" 1 ~ctl( 'tcttr l ifll8 L('ll:l ; 5o~ soo I Sol{ soo 1 s-ss /.t'tt j SO\ 4~~ I SO\ 

o.or). o. l S' co 17-')./ l.fO!\ 31'. 'l. / ~l.O '3.(..~ 1'1 \.' 3'"1-l / ltV~ lC..8 1lfo.~ 11.J ; 4o.5 ·1"·' n~.3 1(. ~ /C...l·7 l '-· 8 /Lt\.0 '3H' !'tiS 
C02 I I I I I I I I I I 
co I I I I I I I I I I 
C02 I I I I I I I I I I 
co I I I I I I I I j_ I 
CG2 I I I I I I I I I I 
co I I I I I I I I I I 







ABL ESD Test Results 

Cap. Energy Run# I Blank Image I 
(!lfl m 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o.s b-~ 'f.. 
Rt:.n Ref. }mane _.,. 'd-. 
f). 'J.s- :vu I')<. 

Run Ref Image - > 
o.l I 1.;1s I') 

Run Ref. Image -> (.. 

O.OS I t:U~S 0 0 0 10 0 0 ('!) C> C) 0 lu () 0 I)( 
Run Ref, Image -+ 3 't 10 II II~ l'l l'f ~~ l' 17 rt ,, 

~ ~~ 
7 

o 6 _,I ('), 'J.$' 0 10 0 0 0 0 0 0 0 0 0 0 0 1'1( 
Run Ref. Image - ~3 ~" ?-S I'll l?-7 ~~ l>'\ )Q ll )-:1- ~.J h4 )<;) lG. 
0 lll'll 0.1 S' ([) 0 0 0 n () 0 0 0 0 0 0 () 0 0 0 0 0 ICJ 0 
Run Ref. l:nage -> -:>t J'l 111{) 14\ il!r- 4) llllf its; I% 4/ 41 'ttl ,t() S:/ ls:-:J.. $'3 ~4 s:> $'6 IS? 

]7 

I 
Run Ref. Image _, 

I 
Run Ref. Image -> 

I 
Ran Ref. Image -. 

I 

Material: I Tern} ("C): I'H7 
RH %}: 'l\.\ Date: 

Notes: 

-Cc.(ci"i-1 sr·~~q 

- ~<Uw; ""r~"~•~L:..·. .t"t,-* o~~r;~ (,~:, (ftq..., ~J 
- /Vo q,. tilbl• r-ep.ri; <J,.,..t,J • .:~ 



Cap. Energy 

(!tF) m 
f).$ ~-"lS 

O.~.s J. t-as 

0.\ l·l.S 

0.0$ 0-iilS 

0 .0')., 0,).,} 

o.o~ o.c,~s 

0. (');). O.?S 

0.0\}, O.lS 

0-0\1.. o.ts 

' 
\ ' 

co, 
co 
co, 
co 
co, 
co 
co, 
co 
co, 
co 

co, 
co 
co, 
co 
co, 
co 
co, 
co 
co, 
co 

11 

lf:'l$jlio7 
11-i ;s~n 
1{7! j't'11 
lUI 14}.:1 

I 
I 

I 
l.ff? /4'11 
lS-7/4.o.( 
~oct /-'Tl.. 
~s;Jq..g 

ABL ESD Gas Analyzer Results (ppm) 

Run#, Pre-shot/Post-shot 
5 6 7 9 10 

12 13 14 15 16 17 18 19 20 

4 '!$ 1 l.f'l ~ '{,, 1 so~ 4'1~ I :::.. /t l/ ~ ~l v /1 /)/1 ~ lS.S/SM Il.S I /;'1/l :It-51 > 
47' /if~\ L!.to 1ttr1 ttll. 1 ~s'- f1YL ~ Vl1\ w ~ Vl(l 3~-~ /111.(, 'U-1/Ifd..O lS.71~o.'), 

I I I I I I I I I 
I I I I I I I I I 

4'1'l. ;4q! ifq~ t'i"' 1('1'7 j!;oO 11'!1 IS<>\ $'Oo 1 S'o) -'o:J 1 S'o(, s;o; I t;;IP. .so:; jS(J, So'ojso7 

-y.,_ /4.o.o !:>:>.~ /l'l.\ 1f.(,j'I0.0. 3$.'7 (J_q,;), ~'>.7 /]S.C. 'lF-'? !3fl·.., ),r.(, /J~."t ;?.S:Ioff.to.'). l,_ 7 I J'f." 
/t'IY I 4qg 4<~'1 I'>"' So~; so? ,..,, ;r>•) ~~t; jSO!i SO!; IS')o SOf I !HI) SO'!;Srl. s(! j>lt. 

lS.f. /Ja.'!> s.~.I./3Q.~ 'l~.\.1 3q_,'l 1.>:. s /31-f. 1.1:$ /3~.$ lS:$/J~.~ 3$•$ /4.0.7 :rs-.11 I '10.7 l.S: (. /.3'1.1. 

Operator: -:r. PJ..:lf;p_, 
Test Type: Approachino needle 




















































