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It s been found that the conbustion of nitrate ancd paper
or woed Tiu prodice roseces products walch can undergo esplesion and
in Lurn initiate tie elesicn of uucoasvied nitrate fertildzes,
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Inves..gation of Sensitivity of FPerti. .ser
Orade Ammonium Nitrate to Explosion

JIRIRODUCTION:

1. The explosion, on board the "Grandcamp” and "High flyer" at Texas City,
Texas, on 16 and 17 April, respectively, of large quantities of fertilizer grade
ammoniua nitrate (FGAN) reised several questions having a bearing on possible
5 causes of the explosions. Such an investigation was directed by Ref. A.

2, The FGAN, consisting of nitrate nodules coated with 0,75¢ wax and 3.5%
2lay, was packed in moisture-proofed, six-ply kraft paper bags holding 100 pounds
L material. The packed FGAN, stowed on wooden dunnage, has been reported to
have burned for over an hour before exnlosion on the "Grandcamm” and for a somv-
what longer period on the "High flyer*, Although ammonium nitrate has long been
kncwn to wndergo detonation when initlated with a high explosive, no record 1is
available here of a combustion involving this material being transformed into

' a detonktion or of the material being detonated by heat alone.

3. The questions raised by the Texas City disaster for consideration at
this Arsenal are susmarised as follows:

&, Did the PCAN loaded on the ships deviate from specification re-
quiremsnts or contain obdjectionable impurities,

bs Could ignition of the cargo have been caused by reaction of the
FGAN with the paper bagging cr contaminants in the hold of the ship.

8. Can the combustion of a FGAN~-paper or FGAN~—mnnd mixture urdersz:
transformation into detonation,

4. The existing literature throws little or no light on the.last twc of
these subjects. This report summariges the results of an investigation in the
above directions and a thorough revisw of existing literature on thra explcslbiliry
of ammonium nitrate,

OBJECT: i

5. To test for compliance with specification requirements and tie presence
of unusual impurities samples of FGAN received from Ordnance facilities producing
¢his material,

6. To determine the characteristics of bags used to pack FGAN and whethax !
these are unduly reactive with FGAN. |

7. To determine the reactivity and ignitability of mixtures of FGAN with
possible contaminan’s under ship-loading conditions,

8. To determine if a mixture of FGAN and bagging paper can be caused t:

detonate by the application of heat alone, and the conditions required t' bring
apout the i{ransition from combustion to detonation.

RESULTS:
9. Analytical test data for 74 samples of FGAN received from Carnhusker.
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Nebrasks and Iowa Ordnance Plants and Milan Arsenal, recorded in Table I.
‘show all these samples to comply with the requirements of the FDAP Specification
of 8 July 1646 and Amendment 3 dated 14 February 1947 with the exception of a
few insignificaot deviations,

10, Special tests of 8 samples of FGAN from Nebraska Ordnance Plant
(Table Ba) show these to be essertially free from harmful impurities and tc
be of the same order of sensitivity to impact, friction and heat a3 chemically

pure ammonium nitrate.

11, Tests of samples of packing bags produced by three mamufacturers and
received from five Ordnance installations (Table II) show none of these contains
acidic, mineral or reducing impurities in significant amount,

12, Charring and inflammation tests (Tables III and IV) of all bagging
papcrs received for test show the differences between bags from the same
manufacturer to be of the same orders as those between bags from differert
mamfacturers, The presence of PGAN was found to result in charring of the
bags 2% a temperature as low as 107°C, (225°F.), but temperatures from 177’
to 232 C, (350° to 450°F.) were required to cause inflammation of the bag
material in the presence of FGAN. The presence of 7 to 8f moisture in the
bagging paper had no marked effect on the minimum temperatures required for
charring and inflammation in the presence of FGAN.

13, 100°C, and 120°C. Vacuum Stability, 120°C. Mercury Displacement,
Minimum Ignition Tempsrature and Exothermic Tests of mixtures of ammonium
nitrate with bagging paper and possible contaminants, recorded in Tables V.
V1 and VII, may be summarized as follows:

a. Ammonium nitrate is appreciably reactive with dried sawdust.
and dried or undried bagging paper, less reactive with iron, only slightly
so with asphalt., and n:.r-reactive with lubricating oil SAE 30 at 120°C,

(248°F.).

b. The presence of 108 of sawdust or bagging psyer in FGAN reduces
tue ignition tamperature 70° to 200°C, for exposure times from 0.5 to 6 minutes
and such mixtures can ignite at temperatures as low as 15C°C, (302°F.) within
50 minutes.

¢, Mixtures of FGAN with sawdust or tagging paper which react at
150°C. do o excthermically, but at temperatures of 135° and 120°C. the re--
actions are ve v slightly if at all exothermic,

l4. "-sty to determine the susceptibility of FGAN to detonation by
impact or Initiation, recorded in Tables VIII to X, show it to become as
gensitive to impact as crystalline TNT when melted and tested at 17 .. t¢
have rates of detonation of 1100 to 1350 m/sec. in the solid and 21 m/se .
in the liquid state, and to have a fragmenting effect in the solil state
appredurately 24 percvent cf that of TNT at the same density.

15. Efforts to cause the detonation of FGAN alone by heating in a
vented ocmb (Table XTI} caused no fragmentation of the bomb, but the evolution
of fumes snd heat indicated rapid reaction of the nitrate and coating wax and/cr
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partial exothermic decomposition of the nitrate at 150° to 165°C.,

16, Numberous attempts to cause detonation by heating mixtures of FGAN
with 1.5 to 10 percent of bagging paper in steel boxes and bombs (Tables
XII and XIII) gave negative results, but in each case sufficient pressure was
developed to rupture the container without fragmentation,

17. Efforts to cause the explosion of mnlten FGAN- bagging paper mix-
tures by dropping in cold or burning wood or charcoal gave negative results,
and the presence of lubricating oil caused no explosion on heating (Table
XIV)., The impact on molten FGAN, contained in a steel pipe, of a 10-1b,
weight falling 10 feet and on mixtures of molten FGAN with 5% bagging paper
of a 52=1b, weight falling 10 feet was found to cause no exploajon.

18. Vhen a 1.6 gm. sample of FGAN was heatsd at 175°C, in a partially
olosed glass tube and, after 5 minutes, an eleciric spark was passed through
the gases over the FGAN, a flash reculted,

19, By heating 10-gm, samples of FGAN at temperatures from 145° to
o there were formed small quantities of carbon monoxide and quantities
of nitrous axide which increased with increase in temperature (Table XV),

20, Heating 10O=-gm, samples of a FGAN—bagging paper mixture at 175°C,
ylelded gases which contained much more (2,1 to 3.4%) carbon moncxide and from
2,0 to 4,58 of nitrous oxide. In three of the four tests ignition of the
mixture occurred and in at least one case there was a marked t:y-  ™~paiase ex-
plosion (Table XVI),

21, Heating of 5-1b, cha“g*s of FGAN and bagging paper in 6" x 11"
bombs from which air had been removed caused no detonation, but heating of
10-1b, charges in the same type of bomb in which the air had been replaced
with a mixture of carbon monoxide and nitrous oxide resulted in at least
partial detonation or explosion of the charge as indicated by some cratering
effect (Tabls XVII and photograph ¥~33030/1).

22, WWhen 5,75=1b, charges of FGAN and bagging paper were heated in
2,5" x 36" bombs, with and without tlie replacement of air in the bomb by the
CO-20 mixture, incomple¢te, partial and practically complete fragmentation
of the tm-b;2 ;uultod (Table XVIII and photographs M=33502, M=33503, M=33503/1
and M¥=33503 .

23, There has been prepared an abstract of existing literature on the
«plosibility of ammonium nitrete which is inclosed as an appendix,

DISCUSSION
o JIDULIS

24, From the results of analytical tests of 7, samples recorded in Tdle
I it is apparent that the FGAN being produced at the various Ordnance installa~
tions is of acceptable unifcrmity with respect to composition and gramulation,
As it was reported that all the FGAN on board the "Grand camp” had been mamu-
factured at Nebraska Ordnance Plant, special tests were made of samples of eight
lots mapufactured at that Ordnance Plant shortly before and after the Texas
City disaster, These were found (Table Ia) to be normal with respect to com-
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position, granulation, sensitivity and ignitability and it is considered that
the quality »f the FGAN involved was not a factor in the fire and explosion on

board the "Grand camp'",

25, Similarly, it appears from the data in Table II that the packing bags
delivered by tnree different manufacturers to the various Ordnance installations
are of acceptable grade and free from objectionable impurities in significant

amount ,

26, Because of the occurrence of some baxcar fires of packed FGAN and the
finding of some loaded bags which had become so discolored and embrittled as to
be considered "charred"', question has been raised as to the possibility that the
packing of hot FGAN might cause deterioration of the paper and subsequent
spontaneous ignition. Bursting strength tests showed normal bagging paper to
have a value of 54 1b/sq.in., while the value was only 29 lb./sq.in. after heating
at 100°C, for 18 days. Inflammability tests gave the following values:

Minimum Values Required
to Cause Inflammation

a0, MmN,
Normal bagging paper 800 0.75
Paper after charring 750 0.9
Papcr after charring in contact with FGAN 450 300

From these data it is apparent that spontanecus ignition of FGAN and charred
bagging paper could not take place at the temperatures prevailing in boxcars
or the holds of ships,

27. This conclusion is confirmed by the results of the charring and in-
flammation tests recorded in Tables III and IV, which show that while contact
with FGAN reduces the temperatures required to cause charring or inflammation
of the bagging paper, the minimum temperature required to cause inflammation
(1770C, or 350°F.§eia far above any encountered in loading operations. It is
somewhat surprising that the presence of 7 to 8% of moisture in the bagging
paper has no marked effect on the temperature required for charring, but this
may be due to the rapid loss of this moisture in the presence of hot FGAN,
The fact that the differences between bags from different manufacturers are
not greater than those between bags from a given manufacturer more or less
disposes of the possibility that spontaneous ignition might have occurred be-
cause of the presence of defective bags,

28, It was thought that the presence in the hold of the ship of con~
teaminants such as wood, oil, iron, paper and asphalt might have, in conjunction
with spilled FGAN, led to spontaneocus ignition and the fire which preceded the
explosion on the "Grand camp”, \thile the data in Tables V, VI and VII show
FGAN is moderately reactive with iron and appreciably so with sawdust and paper
it appcars that a temperature of approximately 150°C. (302°P.) is required to ’
permit the reaction to lead to spontaneous ignition. While the data do not
preclude spontanecus ignition because of the presence of some unsuspected con~
taminant, those orcinarily present do not appear to be responsible,

29, It has been shown that increase in initial temperature of the nit'utc
is reflected by increase in sensitivity to detonation (Ref. B) and rate of
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detoration (Ref. C). This led to the thought that there might be a corresponding
increase in sensitivity to impact, with the possibility that the comimi-lion of
bagging paper by molten FGAN might be converted into a detonation by the impact
of a falling metallic bcdy such as a structural member,

30, As shown by Table VIII, molten ammonium nitrate and FGAN are much more
sensitive than the cold or hot solids, being of the same order of sensitivity
to impact as solid TNT., Molten FGAN was found also to have a much higher rate
of detonation (2109 m/sec., Table IX) than the solid, confined material (1350
m/sec.), However, the failure to obtain detonation of a confined molten FGAN—
bagging paper mixture by subjecting it to the impact of a 52-1b, weight falling
10 feet indicates the improbability of detonation of molten, unconfined FGAN
by impact during oombustion.

31, Although it has been shown (Ref. D) that ammonium nitrate is not
caused to explode by the sudden application of high temperatures, tests were
made tc determine if the impact of combustible material sucn as wood or charcocal
on molten FGAN-~bagging paper mixture or the sudden immersi-n of hot wood or
charcnal would cause detonation (Table XIV), From the neg .tive results of these
tests it is considered unlikely that the explosion on the 'Crand canp" was caused

by falling or burning timber,

32, While heating of FGAN in a vented bomb with thermocouples embedded in
the nitrate (Table XI) indicated exothermic decomposition of the FGAN or rsaction
between 150P and 165°C, of the nitrate and coating wax, numerous attempts to
cause the detonation of FGAN-—— ing paper mixtures by heating under strong
confinement (Tables XII and XIII,) .-ssulted only in rupturing the bombs through
the relatively slow development of high pressures. In no case was there evidence
of fragmentation or cratering effects which would indicate at le. ' irtial de-
tonation of the charge.

33. In view of the fact that the presence of 1% of petrolatum or as lLittle
as 0,28 of oil has been shown to sensitize ammonium nitrate under confinement
to detonation by initiation (Ref. E) and by heat (Ref, F), the foregoing negative
results were not taken as conclusive and a different zzproach was attempted,

34. Kaiser (Ref, G) has shown that ammonium nitrate heated to 200~-260°C.
can decompose according to the equation

L NBNO; —p 2 NH; £ 3 NO; £ NO N, £ 5H0

and that this reaction is endothermic. At 269°C. there is an exothermmic gas-phase
explosion of the decomposition proﬁcta, but this caused no explosion of residual,
molten amonium nitrate. It was found that when FGAN was heated to only 175°C,
and a spark was passed through the gases above the nitrate, a flash resulted,
Evidently the coating wax present was responsible for production of an explosive
gas at a much lower temperature than that reported by Kaiser,

35. This led to the thought that there might be formed a significant
quantity of carbon monoxide during decomposition of the nitrate and reaction
with the coating wax, When samples of FGAN were heated at 145--200°C, (Table
XV), it was found that significant amounts of carbon monoxide were formed, as
well as nitrous oxide in proportions which increased with the temperature.
When mixtures of FGAN and bagging paper were heated in a similar manner, in-
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! creased amounts of carbon monoxide were produced, ignition of the FGAN——=paper
mixture occurred in three cases, and there was a marked vapor-phase explosion 'y

i in at least one case (Table XVIS.

36, Bertholet and Vieille (llef, H) have shown that a mixture of equal
volumes of carbon mcnoxide and nitrous oxide can be detonated by a spark and
has a rate of 1106 m/sec., Dilution with an inext sas such asnitrogen or re-
latively inert air might prevent such a detonation or decrcase its rate,

With this thought 95=5 mixtures of FGAN and bagging paper were heated in 6" x
11" bombs from which the air had been evacuated, but no detonations resulted
(Table XVII). However, when the air was replaced with mixturas of carbon
monoxide and nitrous -~xide at different pressures, evidence of at least partial
detonation of the charge was obtained (Photograph 1~33030/1).

37. It was thought that the bombs used in these tests might have too
great a relative diameter and that as the FGAN melted the bagging paper might
rise to the surface and cushion the impact of any detonating vave from a

as mixture., Accordingly, longer and narrower bombs (2.5" x 36") were designed
Photograph M.-33503/3) and the proportion of paper was decreased in subsequent
tests recorded in Table XVIII. Under these conditions, definite detonations

. of mach of the FGAN charges were obtained when the air in the bomb was replaced
with the gas mixture (Photographs 1=33502, 1=33503 and Y=33503/1), ./hen the
bagging paper was in the form of twelve narrow strips distributed lengthwise
in the FGAN charge and the air in the bomb was removed but not replaced,
almost complete detonation of the charge was obtained on heating as shown by
the high degree of fragmentation of the bomb., A heating test with & similar
bomb loaded with Ottawa sand showed the same amount of heat to produce a :
temperature of 310°C, at the inner face of the bomb .all and of 230°C. at the .
center of the sand charge.

.

® somn

38, Vie may therefore visualize the detonation of bagzed FGAN in the Texas
City disaster as follows: Accidental ignition of the bagging or wooden dunnage
was followed by slow combustion with ammonium nitrate, rather than air, supplying
the necessary oxygen. The heat evolved by this combustion served to melt
additional FCAN, and the nitrete reactsd with coating wax, paper bagging and
wood to produce carbon monoxide and nitrous oxide as well as heavy acid gases,
This mixture, being heavier than air, displaced the air in the hold of the
ship. After the hatch had been battened down, the gas pressure in the hold
increased, as shown by the testimony of witnesses, !T.ecn the carbon monoxide—
nitrous oxide mixture reached its lower limit of concentration for ignition or
was heated to its ignition point, this underwent detonation. The detonation
of the gas mixture evidently was sufficient to initiate the detonation of
molten FGAN and probably part of the hot but still solid FGAN,

39. While this can never be proved to have ozcurred, it seems the most
reasonable hypothesis of the mechanism of the explosion that is supported by

. existing data., On the basis of this hypothesis it is believed that in case of
| accidental ignition of bagged FGAN in warehouses or ships it is important to

avoid confinement of the gases produced, . ;3

CONCLUSJONS:

!

| A. The quality of the nitrate fertiliser and the paper bags tested in ER |
| the course of this investigation is entirely satisfactory and is not indicated
! to be a contributory factor in Lhe explosion at Texas City, Texas, ?
6 i
E !




c.

Since tests indicate a minimum temperature of approximately 150°c.
(302°F.) to be required for the spontanecus ignition of bagged nitrate
fertiliser, it is concluded that spontaneous ignition is a highly improbable
cause of the fire on board the "Grand camp” unless there existed special

conditions beyond conjecture,

The combustion and heating of a mixture of FGAN with bagging paper
or wood can result in the formation of a gas mixture containing carbon monoxide

and nitrous oxide which can undergo explosion,

D.

The combustion of a FGAN-paper mixture can be transformed into

detonation under conditions of confinement,

It is probable that the axplosions of FGAN cargoes on shipboard at
Texas City, Texas are attributable to a primary explosion of gases produced

during the fires which preceded explosions of the cargoes,
BEFERENCES s

A.

B.
c.
D.

E.
|
G.
H.

0400 471.86/459, ORDBB 471.,869/198-3.
0.0 464,/128, ORDBB 4,71.869/198-10,

G. W, Jones, Army Ordnance, 5, 599603 (1925).
D. B. Gawthrop, ibid, 6, 47-50 (1925).

C. E. Munroe, Chem. & }et. Eng., 28, 535=542 (1922).
Je L, Sherrick, Army Ordnance, 4, 236~241 (1924).

R, M, COOR, Chem., & let, EMQ, n’ 231~ (1921&).
C, Field, Chem. Eng., 54, 46=7 (1947).
R. Kaiser, Angew, Chem., 48, 149-15C (1935)

M. Bertholet & P. Vieills, Ann, chim, phys., (5), 28, 289 (1883);
Mellor, Inorg. & Theor. Chem., 8, 398.

"




“ ! S .. ‘
- PA Tech, Rept. No, 1&5&4 i

11 July 1947
Table I
Specification Testes of Nitrate (Pert or Grade).
Ether Water Total Grenulation
_ Sample Moisture, Soluble, Insoluble, Nitrogea, THF: UB _ IhMG _
Designation Received from % £ 4 No.88 No.358 No.l00R

134 Ioma opP , 0007 0085 3.30 320” 100 51,3% “06
135 L S 0.05 0.84 3 32,96 100 60.3 L3
139 Nebraska OP 0,05 0.90 3.26 33.39 100 el 2,0
14, " " 0.06 0.93 3.07 33.14 100 62,6 2.8
145 n " 0.08 0.90 3. 23,25 100 6.6 Ly
46 L L 0.09 0.8, 3.38 32,98 100 664y 3.6
148 " n 0,04 0.8, 3.01 33.16 100 61,0 2.
154 . n 0.05 0.90 3.09 33,18 100 6l.2 3.8
156 i [ 0.05 0.8, 3427 33.14 100 664 2.4
157 " n 0,05 0,96 3.09 33,00 100 570 42
158 n " 0.03 0.88 2,98 33.22 100 o0 3.6
160 b L oom# oow BQw 33.16 lm 630“ 208
161 " L oo% 0.83 - - 3.23 33021 100 aboo 34
163 n n 0.0, 0.98 2,89 33.07 100 5940 Tk
167 " n 0,05 0.81 2,96 33.12 100 65,0 440
168 n " 0.06 0.90 3.20 33.01 ]m 57.6 5.’0
169 " " 0.07 0.91 3.36 33,01 100 6544 3.8
170 " n 0,08 0,85 3.26 33,10 100 66y 5.6
171 " n 0,05 0.80 2,88 33,21 100 64.0 3.4
172 ¢ o 0.04 0.95 3.27 33.01 100 646 Le2
173 n W 0,05 0.82 3.09 33.01 100 6he2 4.3
17, o " 0.04 0.90 2,99 33.07 100 6ie8 5.0
176 n n 0,04 0.85 2,53 33.31 100 61.0 6.7
178 " " 0,04 0.95 2,93 33,23 100 664 3.
179 o ] 0.0 0.97 334 32,91 100 6l.8 442
572 Nebraska OP 0.04 0.73 3.01 33.57 100 66,0 4.0
573 ) " 0.04 0.80 2,60 33.72 100 Bhe2 1.6
57 Ly . 0.04 0.91 3.11 33.62 100 Tle2 162
577 ® " 0,05 0.72 2.77 33.78 200 75.0 2.0
578 n 2 0.04 0,73 2.7 33,66 100 70,0 2.8
579 n n 0.05 0.73 2,75 33.71 100 72.8 2.2
580 ] I 0,03 0.73 2,70 33.66 100 63y 342
581 " " 0.05 0.78 3.06 33.55 100 65.6 3.4
582 n n 0.04 0.78 2,77 33,60 100 612 3,6
583 i . 0.04 0.87 2,90 3347 100 67.8 2.8
585 " " 0.04 0.79 2,93 33,59 100 76els 142

. 587 b " It 0.03 0.77 2.98 33.49 100 6hed Le2

. Prescribed® 0425 0754 3.50£ 32,50 100 55 8

' m' 0035 low m. l{m.. lﬂ.n. H&x.

-' ‘
= U.S. Standard sieve,

.-l By FDAP specification for Ammonium Nitrate (Fertilizer Grade) with Amendment 3,
* Fails to comply with specified limit,

1
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. PA Tesh. Reph,
© 1A July 1T
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Sample
Designation Reoceived from

568
£39
590
59
592
593
5%
393
w
598

§Esas

3388
3809

869,

8

* 0OP, F718

coP, F719
~ COP, F720
" COP, F721
CoP, F722
OOP, I3

. COP, M2k

CoP, F725
P26

coP, F727
coP, F728
COP, F729
COP, F730
OOP. F73
copr, F732

Prescribed®

No. 1658

X

Moisture, SQ}ublo, Ins;lnblo, Rit;og.n,

£

Ether

Water

Total

No.8% No,35% No.,DOR

Nebreska OPF

[ ]

N n

" n

" [ ]

L] ]

n n

n "

" n

| n

n ]

n "

n n
Silas Mason Co,

Iowa oP

Milan Arsenmal
Silas Mason Co.
SﬂnhsonCo.

Cornhusker OP

" | ]

n n

n ]

n n

n n

[} "

| ] ]

n n

n n

] n

] n

n n

n n

n | ]

n n

w ]

2 y.5.Standard sieve,
. R By FDAP specification for Ammonium Hitrate (Fertilizer Grade) with Amendment 3.

0,04
0.03
0.03
0.05
0.04
0.0k
0.04
0.0k
0.04
0.0k
0.0k
0.0h
0,05
0.04
0.0
0.03
0.03
0.03
0,05
0,06
0,08
0,05
0.06
0.%
0,06
0,06
0,06
0,06
0,06
0,08
0.04
0,05
0.07
0,06
0.07
0425
Max,

0.79
04,73
0.77
0479
0.88
0.75
0.88
0,77
0.76
0.76
0475
0.7
0.72
0.59
0.55
0.:8
042
0,60
0.66
0.57
0.85
0477
0.99
0,65
0,94
0.7h
0.64
0.70
0.66
0.66
0.63
0.63
0.65
0e7h
0677
0.75 #
0.35

# Fails to comply with specified limit,

2,92
3420
2,99
3.08
3.00
3.09
2,97
2,78
2,84
3.01
2,82
2,92
2,99
3.78
2,58
2.7
2,60
3.58
2,16
2,42%
2.67
3,09
3.19
2,55
2,67
2493
2.85
2494
3.31
2,78
2,67
2,96
2,53
2,58
3e2
3.50 £
1.00

33.58
33454
33.58
33426
33.47
33.47
33.53
33.59
33.64
33.62
33.63
33.66
33.63
3314
33.78
33.70
337
33.28
33.90
33 “\\
3375
3.1
33.27
33.83
33.57
33.64
33.75
3342
33.61
3355
33.61
33.62
33.73
33.64
33.45
32,50
Min,

100
100
100
100
100
100
100
100
100
100
100
100
100

ion

el 2.8
75.8 1.8
63.4  Lob
59,6 L2
62,2 3.2
63.2 440
60.8 L.O
80 le2
M6 1ot
78.0 2,0
The8 2
834 0.8
7906 208
83,9 0.3
Meb T2
72,6 1.0
62,3 10,8%
75:1 24
84.0 0,7
73.9 1.8
68l ive5
70.0 La.5
676 L3
67,9 L.9
62,7 6.3
7607 2.
76.5 7.0
65.3 5.2
69.7 244
Thew 243
79,0 2,1
72e2 3.2
696 4.8
71.0 1.9
70.7 3.6
55 8
4dn, Max,
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PA Tcoh, Rept. No, 1658
11 July 1947

Table VI
Minimun Time-Temperature Requirements for the Ignition

of FGAN and Mixtures with Saw dust or Paper,

Time for Min, T oC,, for ition of 10 mm, of
Ignition, Saw aper
min, 100F FGAN 90K FGAN 90F FGAN
0.5 780 580 580
3 410 310 310
6 310 24,0 24,0
20-30 3008 - =
8 - 200 -
12 - - 200
15 - 160 -
18 - - 160
26 - 150 E
50 - - 150

2 Decomposition with ignition.

Table VII

Thermochemical Tests of FGAN and Mixtures
of It with Paper and Sawdust,

C_O%;Lm_n..z
100 90 90

Bagging Peaper - 10 ~-
Dried sawdust - - 10
Bath Temp., °C, 120 120 120
mo Tmc, OCQ 118010 n7.3 1.18.0
Bath Tunpo, °Co 13‘*35 13‘005 13‘}05
Kax, Terp.., C, 134.9 134,9 13443
Bath Te. =., 2o 150 150 150
Lox. Terp., °C, 149.1 184.0 160,2
172,06
Time, hours 55 3.5 0.6

NOTE: 10-gram samples wers placed in standard 134.5°C. Heat Test
tubes with a thermometer bulb int "‘ed in the sample, The
tube then was placed in a Heat Test bath maintained at 120°
or 134,5°C, or in a liquid bath maintained at 150°C, The
tanperature of the sanple was recorded periodically and the
maximum value obtained is recorded above, In the tests at

150°C, the rises in temperature of the samplss occurred 35 to
40 minutes aftcr heating had started, The temperatures of the

mixtures decreased to that of the bath within a few minutes

after the maximum had been attained. Heating was continued for

some time without further exothermic effect.




PA Tech, Rept. No. 1658
11 July 1947

Table VIII

Effect of Temperature on Impact Sensitivity of
Ammonium Nitrate,

Impact Test, PA .pz.,
2 Kg, Wt., for

Temperature
3 s ’ Nitrate FGAN®
25 31 30
75 28 31, 31
100 27 22
150 27 23
1752 12 12, 13

& Coated with Wax B. D Nitrate in molten condition,

Table IX
Rate of Detonation of FGANZ.

Co.u‘ined?. Unconfined

Solid Solid Molten
Method D'Autriche b Autriche Drum camera
Length of column 51 L8 L em,
Diameter of column 1.25" Lo5" 3 cme
Density, gmn./cc, 0.90 0,92 0.90 1.4
Booster ] d
Rate, m./sec. 1370 ~ 1330 1108 2109

& Coated with Wax B, b In seamless steel tubing 0,25 inch wall thickness
£.50 grams of Composition A=3 with Engineer Corps Special Blasting Cap.,
4 0.5 1b, of Composition C. Detonation died out with 0,25 lb, of Composition

Ce
2 50 grams of Composition A-3. Molten FGAN did not detonate when initiated

by Engineer Corps Special Blasting Cap alone,

Table X
Brisance of FGAN by Fragn- :t:ti~1 of 40 mm, Shell

FGAN INT
Av, ileight of Charge, gm. L43 L7
Av. Density of Charge, gm./cc. 1.0 1,01

16 66

Av, Total number of fragments




PA Tech, ept. No., 1658

11 July 1947
|
!
l
|
Table XI
3-Inch Vented Pipe Bomb2 Tests of FGAN.
FGAN, 1lbs, 10 10 10
Position of bomb Horizontal Vertical Vertical
Temperature, °C.
FGAN heated to 165 150 1605 1
laximim recorded 575 160 16045 ,
Lffect on bomb Hone Screw Upper :
Red fumes plug blown cap blown
evolved, out, l-::0. |

!
a Equipped with thermocouples and heated electrically. ;




PA Tech, iept. No., 14558

11 July 1947
Table XII
Heating Tests of FGAN and Bagging Paper in 1/4" Steel
Simulated Smokeless Powder Shipping Containers (Welded).
(Photographs ¥-33017 and }%=33018
Test No. 1 2
Date 28/, /1947 30/L/1947
Charge
, 1b. 100 50
Bagging Paper, lb, 1.5 Le5
Position of Container Horizontal Vertical
Method of Heating Ben“ire tonfire
Time of Heating, minutes 1 8
Result Rupture at Rupture at
end. end,
Photograph M-33260 1~33028
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PA Tech. Rept. Yo, 1658

11 July 1947
Table XV
Gases Produced by Heating FGANZ,
FGAN, & - 10 10 1 0
yax, Temp., °C. 120 120 L5 180
Initial 2ath Terp.,°C. 25 25 25 25
Time of Heating, min. ..9¢C 30 60 90
Initial Pressure, Cm.
Hg. 1l 20 20 l
Composition of Gas, %
tjarbon mono>:dde 0.0 0.0 O.s 0.0
Nitrous oxide 0.0 0.0 0.0 1.2
Nitric oxide 0.0 0,0 0.0 0.0
Acid gases® 0.0 0.0 0.5 0.0
Hydrogen 0.0 0.0 0.0 0.0
Nitrogen 7902 79.0 78.6 7702
Oxygen 20.8 21.0 20.5 2156

([

Coated with VWax B,
2 Nitrogen dioxide and/or carbon dioxide,

200
200

I




PA Tech. Rept. No., 1658
11 July 1947

Table XVI

Gases Produced by Heating
Uixtures of
"GANZ and Bapging Paper,

FGAN, gm, 9 9 9 9
Bagging paper, gu. 1 1 p! 1
Max, Temp., “C. 175 175 175 175
Initial Bath Temp., ©C. 25 R 175 175
Time of Heating, min, L5 50 50 50
Initial Pressure, cm, Hge 20 1 1 1
Composition of GasesS, %
Carbon mono:ide 3.4 g ! 3.4 3
Nitrous oxide L.5 <e2 2,0 s
Nitric oxide L.0 0.0 0,0 4
Acid gases2 15.5 6.5 18,9 13.0
Hydrogen , 0.0 0.0 0,0 0.0
Nitrogen 72.6 T2 69.5 =
Oxygen 0.0 15.0 642 0.0
Ignition Yes Yes No Yes
Explosion of gases in
flask Marked Slight None None

2 Coated with Wax B,

R Nitrogen dioxide and/or carbon dioxide.
£ Insufriicient sample for test.

4 present in large proportion.

2 The mixtures were heated in 250 ml. flasvs connected to partially
evacuated gas=collection bulbs by ca -liary tubiig. The gases
analyzed were those evolved prior to any explosion in the flask
or at the end of the experiment,
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PA Tech. Rept. No. 1658
11 July 1947

Table XVIII

Heating Tests of FGAN and Bagging Paper in 2,5"

i.,d. x 36" Welded Steel 0,125" Pipe Bombs,
(Phot ograph M=33503/3
Date of Test 27/6/47 2167 /187
Charge
Fciﬂ, 1b, 5.7 5.7 5¢7 i
Bagging paper, 1lb, 0,006 0,006 0,
Atmosphere over charge Evacuated Evacuated T 2cuoted
- Carbon monoxide, atm, 3 1 -
Nitrous axide, atm, 3 1 -
Position of Bomb Vertical Vertical Vertical
Methcd of heating Electrical resistance wires,
Time of heating min, 50 L6 50
Resu’.t: Bomb Bomb Bomb
sheared, sheared, fragmented,
bent and bent Almost con~
folded, folded plete de-
Incomplete and tonation
detonation, broken, of charge.
More
complete
detonation,
Photograph M=-33502 M=33503/1 M=33503/2
¥-33503

a
= In long narrow strips

(12) extending lengthwise t':~cu~h chargs,




¢ Picatinny Arsonal WRTomlinson, Jr./lHAAsronson/abl

11 June 1947

Review of Literuture on the txplosive
vroperties of .mmoniwn liitrate (AlN)

1., "The Explosibility of ,ummonium Nitrate” Ly Chas. k. Munroe -
Chem. Met. xng. 26, 529 (l1922).

AN burns when thrown on red-hot porcelain, explodes when thrown
on red-hot charcoal.

AN explodes when initiated, in 80 mm Shell, by 3 gm mercury
fulminate, and more violently if 10 gm bellite 1is used.

L'heure claims complete explosion of 50 gm All Charges in a clay
borehole with initiation by cordeau, and stemming.

AN can sometimes be exploded by blasting gelatin,

lleating AN increases its sensitivity.

2. "The Influence of Confinement upon the Explosibility of Ammonium
Nitrate® by J. L. Sherrick - Army Ord. 4, 329-333 (1924)

Attempts to detonate AN at 0.7 gmy/cc in 1.5 in, I.D., } ip. thick
Shelby Steel tubing, using 100 gm boosters of TNT, tetryl, picric acid, TNA
or high AN explosive 4id not lead to more then feeble partial explosion.

3. "The Influence of Density of Packing Upon the Explosibility of
Ammonium Nitrate™ by J. L. Sherrick -
Army ord. 4, 395-400 (1924)

Results similar to those shown in Ref. 2, explosibility of AN
decreases with (a) increasing density (t) decreasing confinement,

4, "The Influence of Temperature on the Explosibility of Ammonium
Nitrate™ by G. W. Jores - Army Ord. 5, 599-603 (1925)

AN is more explosible at higher temperatures, with a marked in-
orease in explosibility occurring when the temperature is raised above some
point in the range 120 - 140°C., Boosters of higher brisances are more
effective in exploding AN than those of lower brisance,

5, "Famous Nitrate Fires of History" by C. E. Munroe -
Chem. Met. EZng. 31, 926 - 966 (1924)

Potassium and sodium nitrate, in contact with combustible matter,
in large masses can be ignited by sparks, lightning, blasting or may ignite
spontaneously in the presence of reactive impurities such as acid, Addition
of small amounts of water, or application of sufficient iupact force, may

cause explosion of the hurning mass,

9




6, "The lafluence of Temperature on the oxplosibility of Asmmonium
Nitrate® by D. 8. Gawthrop - A¥my ord 6, 47-50 (1925)

The sensitivety to initiotion of AN increuses with temperature, the
detonation rate rising uniformly from 1050 m/s at 15°C to 1500 m/s at 14066,
using AN at 0,70 gm/co, in 3.59 om I.D., 0.2 in, thick Shelby Steel tubing,
when 73 gm boosters of lightly tamped picric acid are used,

7. "Destruction of Muscle 3hoals Ammonjum Nitrate by Fire And
* Bxplosion" - 1Ind, zng- Chem. 17, 819 (192%)

Two carloeads of AN from Muscle Shoals were destroyed by fire in

transportation,

In reprocessing coated bluscle 3hoal's AN at the Horoules Emporium,
Pe., Plant a high pan explosion occurred at 276 - 278°F. The organic coating
was thought responsible.

8. "PFacts and Fancies about the Oppau ixnlosion (Ammonium Nitrate).,”
by J. Kendall - Chem. Met. Eng. 25 949 (1921)

Speculates on the idea that propagation of a pressure wave, at
high rate, due to transition between two crystal forms at 320C was re-
sponsible for the explosion.

9. "Explosion of the Nitrate Plant at Oppau" by C. Commentz -
Chem. let. kng. 25, 818 - 820 (1921)

Two terrific explosions disintegrated two large buildings con-
taining the amwnonium sulphonitrate leaving only a cruter 50 ft,deep and
25% ft. in diam., and severly damaged Oppau (175,000,000 marks), sound and
earth shock traveling 145 miles and causing damage at a distunce of 53 miles
(Frankfurt). 16000 blastings of the salt with dynamite had previously
been made, to break up set nitrate, without mishap. Prior to explosion the
color of the salt was reported to have changed from white t¢ ysllow and the
storshouse temperature to have risen to 100 - 120°r. A violent gas engins
explosion was also mentioned. The explosion was not followed by fire.

Attempts to detonate the salt later using heavy confinement and
strong boosters produced only partial explosions. Heat and fire were in-
effective.,

Acidity wes msntioned as a possible factor.

10. “"Ammonium Nitrate" by H. Kast -~ Angew. Chem. 36, 72 - 75 (1923)

AN was detonated by 50 - 300 gm boosters of tetryl, and or‘
pioric acid, at 0.65 - 1.0 gm/oc in 2.5 - 10 cm columns in wrought iron
tubes. The rates recorded range from about 1200 to 1900 m/s.

A
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ll. "Ammonium Nitrate as an Fglouvo' by R. M. Cook =
on, Met. Ing. b, - 19“)
Partial detonations were obtained in the following cases:

S gn AN initiated by 5 ga blasting gelatin in the ballistic mortar. |
160 gm AN initiated by a #8 cap, in a 5} inoh diameter conorete |

block.
800 ga AN initiated by a #8 cap, in a 1§ x 8 inoch capped pipe i

aipple. ;'
18, “Properties of Ammonium Nitrete. 1. Freezing Point and Transition

M&m‘“"" by R. G. Iarly and T. M. Lowry = X
Jo OR. 300. _1&&. 1587 O 1‘0‘ (1’19)

T -

Fora Stable - Temp. Range, °c, Density - gm/co
1st <-16 -
24 -16 to 38 1,785
3 32 - 84 1.66
4th 84 - 129 -
Sth 129 - 170 ==
Liquid > 170 =

13. "Fire Risks with Ammonium Nitrate” by J. L. Sherrick - ;
Army Ord. 4, 237 - 241 [1924) : ,

3 gm AN in a test tube are not ignited by a black powder fuze.
At red-heat 5 gam AN merely decomposed, without flame, but leaving

no residue.
100 ga AN dropped on iron, heated to cherry-red, decomposed without

flanme,
Aetna Powder Company claims explosions were obtained on dropping AN

into heated iron vessels, at temperatures as low as 340°C.

Perric Oxide Thermit, or its combination with a $8 cap had no effect
on AN, but usually caused partial or complete burning of AN/wood pulp mixtures,
ocontained in closed tin cans, at 0.71 gm/co.

100 gm AN/wood pulp mixtures did not explode when initiated by §8

caps.
14. "Uber Exploasible Ammonsalze™ by H. Kast -

Zeit: 3chiess u. 3preng. 28, 6 - 9, 30 - 34, 5 - 61, 77 - 80,
99 - 102, 131 - 135 (1927)

Indicates & 3000 m/s detonation rate for AN if detonated high order.

AN will explode under a 16 - 20 cm fall of a 10 kg wt., or a 12 om
fall of a 20 ks wt.

Lead bdlock expansion of AN given as 225 co vs. 385 oc for picrio

aocid.
Small amounts, up to about 304, of ammonium sulphate have little or

no effect on the explosibility of AN, but somewhat higher rates are recorded

at the lower sulphate-ocontents.
These articles contain considerable data on impact, heat, lead

block and detonation tests values for AN, AN - salt mixtures, AN - combustible 4
mixtures, and for several other salts, ‘
' 3
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*Bxplosives” by Brunswig, 1912

“Bigh Rxplosives” by Oolver, 1938
*"Explosives” by Marshall,K 1932

"Schiess u Sprengstoffe” by Stettbacher, 1933
"Powder and Explosives® by Davis, 1943
Qalculated constants: (Brunswig, Bertholet, Colver, Marshall above)

Heat of explosion, const. vol., water 1iq. 630 cal/gm.
Explosion Temperstures 2120°0,
Specific Volume 937 V/en.

Marshall above, states that the Oppau explosion wes due to blasting
with explosives and that several hundred of several thousand tons of AN explode’.
Stettbacher, above, oites reates of 1800 - 18500 m/s for AN whea in-

completely decomposed, and 8000 - 83500 m/s unde:’ complete decomposition.

16. Wﬁ&w -
Ind. Eng. R, JO8, = 1309 (1“6) and
"organic Materisl and %m- Ftnto in Jertiliser Jjixtures® -
mdo m. on. LA ) -

Spontaneous ignition of mixtures in large mass piles, of superphosphate
e AN - organic matter ocan ocour at 30°0C air temperature due to the presence of
free phosphoric aoid in the superphosphate. Ignition is due to the release of
nitric acid by the phosphoric aoid.

17. "The Thermal Sensitiveness of losives® -

l\oCo “3 - Br ti R.portc

Meany different materials catalyse the decomposition of AN, and in
the presence of from 1 - 204 of the following compounds AN may be exploded at
about 800 - 300°C :

Chromivam trioxide

Chromis hydroxide

Chromic nitrete

Chrome alum

Potassium chromate

Ammcnium dichromate

Potassium dichromate




18, "Study Ammonium Nitrate Explosive from Kelbar Powder Company -

P.A. Tech. Rpt. 1008

A mixture of finely ground ammonium nitrate and 6.6% resin
(0.09% moisture), had a Drop Test value ( 2 kg wt.) of 68 om, was not
appreciably affected in the Rifle Bullet, Pendulum Priotion, and 120°
Vacuum 3tability Tests. It was, however, initiated, in the Sand Test,
when pressed lightly, by 0.4 gm meroury fulminate and orushed 36.4 gm 3and

(INT = 40, 80/20 Amatol = 28,5),

19. "Nitrate of Ammonia - Tests Made on Sensitiveness of at

Experimental laboratories of the Atlas powder Cospany -
Additional Tests" - 14 Nov. 1918

P.A. Spec. Reports File No. 412 3.

Moist AN and zinc dust will explode,

Neutral AN chars sugar at 185°F, while scidic ( 3 drops of 93%
nitric ecid) AN ignites with sugar in 8 minutes st this tempersture,

AN was unaffected when subjected at 10J°C, to hammer blows on a
steel anvil.

Partial detonations were obtained when 2 1lb, samples of AN were
initiated by §#8 caps at 1900y, The AN was packed in closed cans 4 in. in
‘dlam., 5 in. tall. The AN was unaffeoted in adout 75% of the trials.

AN subjeoted to the action of #8 blasting caps, a 10 ga tetryl
booster, dynamite cartridges, and on electrio ars (1000 - 1500°C) 4id not
detonate,

4 Lb, 9. of AN heated in an agate-ware kettle ( in a steel
oylinder) over a hut coke fire was subjected to the action of 8 caps which
 exploded at 155°C, oOne explosion was obtained in several trials.

20, "Explosibility of AN" - P.A. Spec. Reports File No. 1110.

Molten and solid AN were unaffected in the Pendulum Priction Test -

steel abhoe.
Molten AN was unaffected by dblows from & 16 1b. sledge hammer, on

steel rails,
AN wes unaffected in the Rifle Bullet Impeot Test using 0.30 cal.
gervice, AP, Tracer or Incendiary Ammunition. Slight smoke was noted in each

trial where tracer or indendiary rounds were used.
A barrel of AN heated in a bop-fire, which burned around it, and

subjected to the action of 6 Mk VII Boosters ( 3 in. TM Shell) exploded
partially, about 3/4 of the AN being consumed. This is presumadbly the same
test described in Spec. Report 1101,

21, "Tests to Determine the Possibility of Detonat AN® -
P.A. Spec. Reports File No. 1101, 21 Jan. 1919.

No. 8 blasting caps did not explode AN at normal or slevated
temperaturus. Barrels of AN heated over a fire and subjeated to the aotion
of Mk VI Boosters (for 3 in. TM Shell) exploded partially.




22, OSRD Report 2014:

Properties of AN
Lead block expansion 165 occ. (Picric acid = 309)
Lead cylinder compression 54% of TNT

23, "Explosibility of Ammonium Nitrate and its Mixtures with
Other Jalts,” -« by Naoum and Aufschlager
2eit. . Schiess. u Spreng. 19, 106 (1924); C.A. 18, 3721 (1924)

In the system of AN-potassium chloride, the explosibility decreases,
at constant composition,with inoreasing fineness of the latter component. Heat
of explosion end Trauzl Block data are given. A 75/25 - AN/potassium nitrate
mixture was readily detonated in seamad iron tubes, initiator pioric acid, at
a rate of 1200 m/s; on the other hand a 1l-1 mixture can only be detonated with

difficulty. The latter mixturs can be detoneted, however, in & drewn iron tube; |

a rate of 1480 m/s was given.
24, "Report of eriments to Determine whether Ammonium Sul te~
Nitrate as Prepared at Oppau Posesses losive Properties” -
by G. Rotter. - Trans, Faraday Soc. 19%2 !lavanozz proo?i;

C.A. 18, 2251 (1924)

The only effects obtained under conditions of heavy confinement
were due to development of a pressure merely sufficient to rupture the con-
tainer. The experiments involved study of the sensitivity to shock heat and

initiation.

25, "Limit Diameter of a Charge of Ammonjum Nitrate" - dy Belyaev and
Khariton - C.r. acad, 80l. U.R.S.S. 48, £56-8 (1945); C.A. 40,

48848 (1946)

Initiation, with 97/3 - AN/INT, of dry AN at 0.7 - 0.8 gm/oo, in
cardboard, or glass, tubes led to stable detonation at diameters adbove 8-10 on.
Damping, below this diameter was more abrupt at the smaller charge diameters,
Under water or in concrete the minimum diameter was 3-4 om,

26, "Explosibility of Ammonium Nitrate and its Mixtures with
Other Selts™ - by Naoum and Aufschlager -
2sit. f. Scheiss. u. Spreng. 19, 35 (1924)

Mixtures containing up to 50% of AN; with ammonium sulphate ocan
be exploded by sufficiently strong initiators, but a 40% AN aixture is not
precticadble to explode. EqQual parts of AN and ammonium sulphate, mixed dry
in 8 mm seamless steel tubing of 60 mm I.D., initiated by 185 gm Astralit,
detonated at 1070 m/s. The same mixture prepared in the wet way (douvle
salt) could not be exploded, thi* showing the effepgt of fineness of the sul-
pbate. When 200 gm of pioric acia was used as initiator the rates obtained
for the mechanical mixture and double salt were 1400 and 1030 m/s respectively.




27, “The Explosive Properties of Mixtures Contaiuing

Ammonium Nitrete.” - by A. J. der Weduwen
Chem, Week - blad. 19, 1922, 341-2; C. A. 16, 3760 (1922)

Claimé AN or its mixtures with up to 50% of an inert salt can be
made to explode violently if initiated by 50 ga TNT. 230 ga of salt aixture
was used, and its effect on an iron plate obdserved.

28, "The Decomposition of Ammonium Nitrate Duri aporation.® -.by
V. A. Klevke - J. Chem. lnd. (Moscow) 193 R No. 1, 53-4;
C.A. 29, 3469 (1939%)

Almost no decomposition of AN occurs during evaporation of its
solutions at atmospheric or reduced pressures.

29. "The Spontaneous Decomposition of Ammonium Nitrate Melts." - by
Heinrich Tramm and Hermann Velde - Angew. Che. 47, 782-3 (1934);
C.Ae 29, 6999(1935)

Chlorine free AN which had become acidic, by slow ammonia
evolution, on long standing at 175°C, in the molten condition, did not de-
ocomposs seriously. A chlorine containing, but alkaline or neutral, melt
at 175°C 414 not decompose more rapidly than chlorine free material,
Relatively small amounts of free acid and chlorine combined nly, however,
cause spontaneocus decomposition at temperatures as low as 140°C.

30. "Chemical and Physical Properties of Oppau Ammonium
Sulphate - Nitrate."” - by Robert Robinson, H. H. Thomas,
A. F, Hallimond and William Bragg.
Trans. Fareday Soc. 1924 (advanco proof); C. A. 18, 2250 (1924)

The investigation uncovered no factors which might htvo caused
the disaster.

31. "The Explosiveness of Fertilizers Containing Ammonium
Nitrate® - by N. S. Torsuev - J. Chem. Ind. (Moscow) 13,

102-104 (1936); C. A. 30, 31507 (1936)

AN coated with paraffin explodes more strongly than pure AN.
Tho addition of ammonium sulphate to AN reduces its explosibility, but
organic matter has the opposite effect.

32, "Detonation of Ammonium Nitrate", - by Lartitte and Parisot
“c.r. 203, 1516 - 1518(15936); C. A. 1, 16157 (1937)

AN when mixed with 1.5-2% magnesium., aluminum, dinitro or
trinitro napthalenes can be completely detonated Yy mercury fulminate, in
7-21 mm columns, if an amount not exceeding 30 gm is used. This is not
true of pure ammonium nitrate.
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3S. "Nixon Explosion !!phllit.lf!if.Ot of Or’igio %iEuritiol' -

by R. D. Bashford - Chem., & Med, 29.

States AN is not an explosive in the adsence of organic impurities.

34. "Ammonium Nitrate by Itself is Not an Explosi7e® - by G. N. Norman -
Chem. & Med. 30, 622 (1924).

Other compounds are stated to be the cause of explosions ex-
perienced.

" 36, "Safety in the Manufacture of Nitric, Sulphuric, and
Mixed Acids and Nitrate of Ammonis as Used in the
Manufacture of Explosives.” - by 3. H. Kershaw
Ind. Eng. Chenm 18, 4(1926); C. A. 20, 504 (1926)

Safety practices are discussed.

36, "The Decomposition and Stability of Ammonium Nitrate
in the Presence of Oxidizable Material.” - by A. Findlay &
C. Hosebourne - J. Sec. Chem. 1nd. 41, %87 (1928j; C. A. 16,

1312 (1922)

AN can be heated 100 days at 100°C without appreciable de-
ocmposition, but in the presence of woodmeal decomposition soon ocours with
evolution of carvon dioxide and nitrogen. The cellulose, not the resioous
matter present, is responsible for the decomposition, and starch was found
to have a similar ection. The interaction was prevented by urea but not

by diphenylamine or phenylbenzyl ether.

37. "Recovery of Ammonium Nitrate from Amatol. gsglosion
of Ammonium Nitrate Plant of Ammonite Com ", = by
R. N. Schreve - Ind. Eng. Chem 23, 506(1931); C.A. 25, 3171(1931)

The contents of a grainer detonated and exploded recently pro-
duced AN temporarily stored near by, No explunation given. 14 references

are listed.

38, "The Decomposition of immonium Nitrate by Heat® - by H. L. Saunders
J. Chem. Soc. 121, 698-711(1922); C. A. 16, 2225(1922)

Pure ammonium nirate decomposes to the extent of 98% , yielding
aitrous oxide and water. The course of the decomposition is unaltered over
the range 210-260°C., At same point near 300°C other oxides of nitrogen are
oevolved and the reaction proceeds explosively.* it the moment of explosion
the nitrete decomposes yielding NO,, NO and N, in the moler ration 2:4:5.
Chlorides when present, even to the extent of 0.1%, catalyze the decom-
position presumadbly due to the formation of chlorine. Sulphates are without
characteristic action and sodium nitrate, when present in small amount, has
no offect at temperatures below 250°C.

*Gas phase explosion only.
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3%« "Tho Explosion of Oppau," Anon

J. soc. Chem. Ind. 40, 381-R (1921); C.A. 16, 164(1922).

Discusses the possible causes of the explosion.
Formation of NCl,, via Chlorine acting on AN. The chlorine was

assumed formed from a chloriie and AN.

Formation of unstable double salts between AN and ammonium
sulphate, .
The presence of acidity which could, by interacting with am-
monium sulphato, cause autocatalytic exothermmic reactions.

40. "The Explosion of Two Cans of Ammonjum Nitrate at the
Aktiengesellschaft-Lignose Explosive Factory at Kriewald
0s=5. on 26 July 1921" - by D. #. Bramkamp.
3 eit. Schiess. u, Spreag. 17, 67(1922); C. A. 16, 2605 (1922)

Two cans exploded when their contents were blasted to break up the
seot masses,

The author refers to Lkscales "AN Explosives”, p. 40, who related
that 20C gm of AN was not detonated by 1-3 gm mercury fulmipate, but was
strongly exploded by 20-30 gm of Bellit (AN 4 DNB). Pressed AN was eoxploded
by TNT detonating cord.

Tests of AN from Kriewald were made. Pressed in cesss it was not
detonated by two No, 8 caps, out about half the mass ~xploded when a ocartridge
of Wetterlignosit was used, 100 gm AN tamped into an iron beaker was not
detcnated by a No. 8 blasting cap. 200 gm AN tamped in an iron beaker was
exploded completely when subjected to the action of a cartridge containing a
mixture of 47 gm AN with 2 gm TNT, initiated by a No. 8 cap,.

41, "The Explosiveness of Molten Ammonium Nitrate” - by Rudolph Kaiser
Angew. Chem. 48, 49-50 (1935); C. A. 29, 3161%(1935)

AN heated above about 200°C decomposes according to the following
reaction, which is rapid at and above 260°C.

2NH4N03 = zmssmozmomz;mzo

A small amount of AN heated in an evacuated buldb yielded a gas
phase, containing a mist, which exploded after a fairly long period et
260-269°c.

42, "Pire and Explosion }lazards of Ammonium Nitrate®
Fertilizer Bases, Bull., of Res, No. 20
Underwriter's Laboratories, Inc.

Ammonium nitrate - sulphate mixtures containing no more than
40% AN, or AN - calcium carbonate mixtures containing no more than 61% AN
40 not ccnstitute a fire or explosion hazard,
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L3. "The Decomposition of Ammonium Nitrate by Heat." by Shah and Oza
J- Ch.m. SOC. 122’ 725-73 .

Confirms the statements of reference 38 with respect to the fact
that gas phase explosions occur at some point near 300°C, when A.N. is

heated.
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Summary :

a. AN at a density of 0,7-1.0 gn/cc, can be caused to detonate by
the action of sufficiently stroag boosters (é.g. 50-100 ga tetryl) in columns
8-10 om in diameter when confinement is weak (paper), and in columns 3-4 oa
in diameter when confinement is strong (steel). Rates in the range 1000-
2500 m/s, depending upon conditions imposed, have been reported. Rate and
sensitivity depend on AN particle size, density, confinement and charge di-
amster,

b. Due to the action of heat alone gas phase explosions have been
noted at 260°C and above,

¢. Certain inorganic contaminants, in small amount can cause AN to
decompose explosively in the range 200-300°C, while certain aotive organiec
contaminants, e.g. resins, starch, sugar, react with neutral AN with con-
comitant charring and gassing. Moist zinc dust and AN will explode, while
in the presence of phosphoric acid, at 30°C, mixtures of AN and organio
combustibles may ignite spontaneously, or explode ai elevated temperatures.

d. At some point above 1200F (probably the 125°F transition

temperature) AN is far easier to explode than below this temperature. Molien
AN oan be exploded by boostering in spite of its relatively high density

1.4 gn/cc.

10
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U- 330 30 July 1947 PICAT'NNY ARSENAL DRIONANCE DEPARTMENT

" x 11" Test Borb, 5/16" Wall, Used for Heatins Tests (1)
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Vaformed Supporting bomb A After Test

_M- 3303%0/1 July 1947 PICATINNY ARSENAL ORDNANCE DEPARTMENT
Cratering lkffect of Charge of Fertilizer Nitrate and
u Bag;ing with CO # N2O Gases (T)

e Ve aa e csw aver va & wemew &V -y

ST \i))




M-33260

April 1947 PICATINNY ARSENAL ORDNANCE DEPARTMENT

Nitrate Fertilizer Sonsitivity Test
Container, Showing Damage
(Loaded with Approx. 100 Lbs. Nitrate Pertilizer and Bagging)
Test No. 1 P.A.T.S. Data Book No, 2246 (1)
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M-33502 June 1947 PICATINNY ARSENAL ORDNANCE DEPARTMENT
Bomb and Cap
After Explosion of 27 June 1947 - Top View (




M-133503 June 1947 PICATINNY ARSENAL ORDNANCE DEPARTMENT
Bomb and Cap
After Explosion of 27 June 1947 - Side View (1)




¥-33503/1

July 1947 PICATINNY ARSENAL ORDNANCE DEF ARTMENT

Borb After Explosion of 2 July 1947

(1)




M-133503/2 July 1947 PICATINNY ARSENAL ORDNANCE DEPARTMENT

I
Bomb After Explosion of 3 July 1947 (T) }




M-33503/3  July 1947
2.5" x 36" Test Bomb, 1/8" Wall, Equipped for Electrical Heating (1)
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