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IwrM.AgAtlon of S«nalttvlty of Parti. .Mr 
Orado Aoaonlua Nitrat« to Sxploaion 

pWBODOCTIDIIt 

1. Th« «xploaion« on board tho "QrandcMp'1 and "Hl^h fljar" at Texas City, 
Tcesatf oo 16 and 17 April, ratpoetivoly, of larga quant it iai of fortilisor grad« 
aflBonixai nitrata (FQÜ) raisad ••raral quoationt baring a bearing on possibla 
oanaaa of th« aoqploaiona. Such an inrastigation waa dir«ct«d by R«f. k» 

2. Th« FOAM, consisting of nitrat« nodules coated with Oa75£ «ax and 3»52 
^lay, «as paekad in aoisturo-proofsd, siae-ply kraft paper bags holding 100 pounds 
-.r nateriAl. The paekad FQJH, atowad on wooden dunnage, has been reported to 
have burned for orar an hour before explosion on th« "Grandearnn" and for a sou»- 
what longer period on the "High njar" • Although amaonium nitrate has lung been 
kncwn to tadargo detonation when init;Latad with a high explosive, no record is 
arailable here of a eoabustlon involTlng this Material being transformed into 
a detonation or of the aatarial being detonated by heat alone. 

t 

3. The questions raised by the Taocas City disaster for consideration at 
this Arsenal are suaBarised aa followat 

a. Did the PQAK loaded on the ships deriate from specification re« 
quirements or contain objaotionable iapuritiea» 

b. Could ignition of the oargo have been caused by reaction of th« 
PQAN withTthe paper bagging or contaminants In the hold of the ship«. 

e. Can the combustion of a FOAN—papor or FGAK—rood mixture nr.ier? 
transformation into datonation« 

4. The existing literature throws little or no light on the last two of 
these subjects. This report sunBarites the results of on investigation in tiv: 
above directions and a thorough revisw of existing literature on tha «jcplc^lbiijTy 
of ammonium nitrate, 

OBJECT r 

5» To test for compliance with specification requirements and t'.;e presen^r- 
of unusual impuritlea samples of FOAN received from Ordnance faciliti<-s producing 
this material. 

6. To determine the characteristics of bags used to pack FGAN and wheth?: 
these are unduly reactive with FOAN. 

7. To determine the reactivity and ignitabllity of mixtures of FGAN with 
possible contamlnanta 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 r bring 
aoout the transition from combustion to detonation. 

RESULTS: 

9. Analytical test data for 74 samples of FGAN received from Cornhuakar, 



«•braaka and low» Ordnmc« Pl»nti and Milan Areanal, P»cord«d in Tabla I,. 
»how all th»8« sajqjlss to comply with th» r«qulr«awnta of the FDAP Specification 
of 8 July 1%6 and Am»ndB>»nt 3 dated li» February 1%7 with the «occeptlon of » 
few Inalgnlficact deviation». 

10. Special tests of 0 samples of FQAN from Nebraska Ordnance Plant 
(Table la) show these to be essentially free from harmful impurities and to 
be of the same order of sensitivity to impact, friction and heat as chemically 
pore ammonium nitrate« 

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

12. Charring and inflamnatlon tests (Tables III and IV) of all bagging 
papers received for test show the differences between bags from the same 
manufacturer to be of the sans orders as those between bags from different 
manufacturers. The presence of PQAN was found to result ir^ chairing of the 
bags at a temperature as low as lO^C. (225^.), but tenpe^tures from 177" 
to 232 C« (350° to 450°?.) were required to cause inflananatlon of the bag 
material In the presence of FGAN. The presence of 7 to 8^ moisture in the 
bagging paper had no marked effect on the minimum temperatures required for 
charring and Inflammation in the presence of FGAN. 

13« lOO0^ and 1200C, Vacuum Stability, 120oC. Uercury Displacement,. 
Minimum Ignition Temperature and Exothermic Tests of mixtures of ammonium 
nitrate with bagging paper and possible contaminants, recorded in Tables V« 
VI and VIIv may be suramarlsed as follows. 

a„ Ammonium nitrate is appreciably reactive with dried sawdust,. 
and dried or undrled bagging paper, less reactive with iron, only slightly 
so with asphalt, and n;n-reactive with lubricating oil SAE .30 at 120oC,. 
(2^8°?.). 

b. The presence of 1055 of sawdust or bagging paper in FGAN reduces 
the ignition t«ätfnperature 70° to 2000C, for exposure times from 0,5 to 6 minutes 
and 3ucb mixtures can ignite at temperatures as low as 15CCC, (302oF,.) within 
50 minutes. 

£, Mixtures of FGAN with sawdust or bagging paper which react at 
150oC, do 7.o exothermic ally, but at temperatures of 135 and 120oC, the re-' 
actions are ve-.y slightly if at all exothermic, 

Li+. "-«-ts to determine the susceptibility of FGAN to detonation by 
impact or initx^tion, recorded in Tables VIII to X, show it to becom*» as 
een:3itlve to impact as crystalline TNT when melted and tested at 17 •.. - to 
have rates of detonation of 1100 to 1350 m/sec. in the solid and 210VJ ra/se « 
in the liquid state, and to have a fragmenting effect in the soli i state 
apprc.xiirately 2i* percent cf that of TNT at the same density. 

15 , Efforts to cause the detonation of FGAN alone by heating in a 
vented ooah  (Table XI; caused no fragmentation of the bomb, but the evolution 
of fumes and heat indicated rapid reaction of the nitrate and coating wax and Air 
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partlÄl exothomic deconpooition of the nitrate at 150° to IS^, 

16. Numberous attempts to cause detonation by heating mixtures of FGAM 
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 molten 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 iapact on molten FGAN, contained in a steel pipe» of a 10-lb# 
weight falling 10 feet and on mixtures of molten FGAN with 556 bagging paper 
of a 52-lb. weight falling 10 feet was found to cause no axploftlon. 

18. When a 1.6 gm. sample of FGAN was heatod at 17^0• in a partially 
oloeed glass tube and, after 5 minutes, an electric spark was passed through 
the gases over the FGAN, a flash resulted, 

19* By heating lO-gm. samples of FGAN at temperatures from 145° to 
TOOPC,  there were formed small quantltiee of carbon monoxide and quantities 
of nitrous ood.de which increased with increase in teoperature (Table XV)« 

t 

20« Heating lO-gm. samples of a FGAN—bagging paper mixture at 175°^* 
yielded gases wldch contained nach more (2,1 to 3,lS)  carbon monoxide and from 
2,0 to 4*9t of nitrous oxide. In three of the four tests ignition of the 
mixture occurred and in at least one case there w&a a marked vij:: >-pha8e eao- 
plosion (Table XVI) • 

21, Heating of 5-lb. chÄv-gM of FGAN and bagging paper in 6" x U" 
boobs from which air had been removed caused no detonation, but heating of 
10-lb, charges in the same type of boob 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 (Table XVII and photograph U-33030/l). 

22, When 5,75-lb, charge« of FGAN and bagging paper were heated in 
2,5" x 36" boobe, with and without the replaoement of air in the boob by the 
CO-N2P olxture, ineoopltite, partial and practically complete fragmentation 
of the boobe resulted (Table XVIII and photographs U-33502, 11-33503, M-33503A 
aodl*.335Q3/2), 

23* There has been prepared an abstract of existing literature on the 
«xplosibility of ammonium nitrate which is Inclosed as an appendix, 

DISCDSSIOM 
It 

24, From the results of analytical tests of 74 saqplee recorded in Tue 
I it Is apparent that the FGAN being produced at the various Ordnance installs 
tioos is of acceptable pnifcrmity with respect to ooapositlon and granulation« 
As it «as reported that all the FGAN on board the "Grand esop" had been manu- 
factured at Nebraska Ordnance Plant, special tests were made of samples of eight 
lots oaoifaotured at that Ordnance Plant shortly before and after the Teams 
City disaster« These were found (Table la) to be normal with respeet to com- 
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poaitlon, granulation, sensitivity and Ignltablllty and It la considered that 
the quality of the FGAN involved was not a factor In the fire and eocplosion on 
board the "Grand camp". 

25. Similarly, it appears from the data in Table II that the packinc bags 
delivered by three different manufacturers to the various Ordnance installations 
are of acceptable grada and free from objectionable impurities in significant 
amount. 

26, Because of the occurrence of some booccar fires of packed FGAN and the 
finding of some loaded bags which had become so discolored and embrittled as to 
be considered "charged", 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 iVaq.in»» "hü« the value was only 29 Ib./sq.ln. after heating 
at lOO^. for 18 days. Inflammability teats gave the following values: 

Mlnirrv" Values Required 
to Cause Inflampatlon 

^WT Time, mln. 

Normal bagging paper 
Paper after charring 
Paper after charring in contact with FGAN 

0,75 
0.9 

300 

• » 

From these data it is apparent that spontaneous 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 IDF» 
fiammation tests recorded in Tables III and IV, which show that while contact 
with FGAN reduces the temperatures required to cause charring or inflanmation 
of the bagging paper, the minimum temperature required to cause inflannation 
(17700• or 3500F.) is 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- 
taminants such as wood, oil, iron, paper and asphalt might hare. In conjunction 
with spilled FGAN, led to spontaneous ignition and the fire which preceded the 
explosion on the "Grand caap".   While the data in Tables V, VI and VII show 
FGAN is moderately reactive with iron and appreciably so with sawdust and paper, 
it appears that a tenperature of approximately 1500C, (302^«) la required to 
permit the reaction to lead to spontaneous ignition.   While the data do not 
preclude spontaneous ignition because of the presence of some unsuspected Co»» 
taminant, those ordinarily present do not appear to be responsible« 

29«    It has been shown that increase in initial temperature of the nitrate 
is reflected by increase in sensitivity to detonation (Ref. B) and rate of 

I 



d«ton4tion (R«f. C), This led to the thought that there'might be a correapondix.g 
increase in sensitivitj to Lnpact, with the possibility that the poichuTtion of 
bagging paper by molten PQAN might be converted into a detonation by the ijqpact 
of a falling metallic body such as a structural member. 

30. A« shown by Table VIII, molten ammonium nitrate and FGAN are mich more 
ssnsltiTS than the cold or hot solids, being of the same order of sensitivity 
to impact as solid TMT. Molten FGAN was found also to have a mich higher rate 
of detonation (2109 m/sec. Table IX) than the solid, confined material (1350 
ffl/sec.). However, the failure to obtain detonation of a confined moltsn FGAN— 
Egging paper mixture by subjecting it to the impact of a 52-lb. weight falling 
10 fset indicates the improbability of detonation of molten, unconfined FGAN 
by Impact during combustion. 

31. Although it has been shown (Ref. D) that amaoniura nitrate is not 
caused to explode by the sudden application of high temperatures, tests were 
made to determine if the impact of combustible material sucn as wood or charcoal 
on molten FGAN-—bagging paper mixture or the sudden immerr i n of hot wood or 
charcoal would cause detonation (Table XIV). From the neg .tivt results of these 
tests It is considered unlikely that the explosion on the 'Grand oanp" was caused 
by falling or burning timber. 

32. While heating of FGAN in a vented bomb v/ith thermocouples embedded in 
the nltrftt« (Table XI) indicated exothermic decomposition of the FGAN- or reaction 
between 15^ and 1650C. of the nitrate and coating wax, numerous attempts to 
cause the detonation of FGAN-—bagging paper mixtures by heating under strong 
eonfinamoxxt (Tables XII and XUI; . ^suited only in rupturing the bombs through 
the relatlTSly slow development of high pressures« In no case was there evidence 
of fragnantation or cratering effects which would indicate at lew  .artial de- 
tonation of the charge. 

33« In view of the fact that the presence of 3^ of petrolatum or as little 
as 0.235 of oil has been shown to sensitize amoonium nitrate under confinement 
to detonation by initiation (Ref. E) and by heat (Ref. ¥)„  the foregoing negative 
results were not taken as conclusive and a different approach was attempted« 

34* Kaiser (Ref. G) has shown that ammonium nitrate heated to 200"—260oC, 
can dsoooposo according to the equation 

U NH :4Na3 
2 NKj / 3 NÖ2- / NO / N2 / 5 H20 

and that this reaction Is endothermic. At 2690C. there is an exothermic gas-phase 
explosion of the decomposition products, but this caused no explosion of residual, 
molten amnonium nitrate. It was found that when FGAN was heated to only 1750C. 
and a spark was passed through the gases above the nitrate, a flash resulted. 
Bvidently the coating wax present was responsible for production of an explosive 
gas at a ouoh lower tenperature than that reported by Kaiser. 

35« This led to the thought that there might be formed a significant 
quantity of carbon monoxide during decoqpositlon of the nitrate and reaction 
with the coating «ax. Whan samples of FGAN were heated at 145--200oC. (Table 
XV), it was found that significant amounts of carbon monoxide were formed, as 
wall as nitrous oxide in proportions which increased with the temperature. 
When mixtures of FGAN and bagging j>aper were heated in a similar manner, in- 



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 
in at least one case (Table XVI;« 

36. Bertholet and Vieille (Kef. H) have shown that a mixture of equal 
volumes of carbon ncnoxide and nitrous oxide can be detonated bj a spark and 
has a rate of 1106 m/sec. Dilution with an inert, -:as such a» nitrogen or re- 
latively inert air might prevent such a detonation or decrease its rate. 
With this thought 95-5 mixtures of PGAN 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 ^dth mixtures of carbon 
monoxide and nitrous ->xide at different pressures, evidence of at least partial 
detonation of the charge was obtained (Photograph ü-33030/l). 

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 wave from a 
gas mixture. Accordingly, longer and narrower bombs (2,5" x 36") were designed 
(Photograph M-33503/3) «nd the proportion of paper was decreased In subsequent 
tests recorded in Table XVIII. Under these conditions, definite detonations 
of mich of the FGAN charges were obtained when the air in the bomb was replaced 
with the gas mixture (Photographs 11-33502, M-33503 and ,u-33503/l). Vhen 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 a similar 
bomb loaded with Ottawa sand showed the same amount of heat to produce a 
temperature of 3100C. at the inner face of the bomb -all and of 230oC. at the 
canter of the sand charge. 

38, We may therefore visualize the detonation of bagged FGAN in the Texas 
City disaster as follows: Accidental ignition of the bagging or wooden dunnage 
was followed by slow combustion with amaoniuo nitrate, rather than air.« supplying 
the necessary oxygen. The heat evolved by this combustion served to melt 
additional FGAN, and the nitrate reacted 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 oressure in the hold 
increased, as shown by the testimony of witnesses, V/hcn 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 occurred, 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 oonfineasnt of the gases produced. 

COHCLDSIOHSt 

A. The quality of the nitrate fertiliser and the paper bags tested in 
the coarse of this investigation is entirely satisfactory and is not Indicated 
to be a contributory factor in uhe explosion at Texas City, Texas. 

?   ■* 

■HOTI I ■^Twotrrwri, ssasst .-j.^«-^— 



B. Sine« t«8ta Indleat« A m1"<"^," tcmperatur« of Approximately 150 C, 
(302°?.) to hm  required for the spontanaoxxs ignition of bagged nitrate 
fertiliser, it is concluded that spontaneous Ignition is a highly improbable 
cause of the fire on board the "Grand eanp" unless there existed special 
conditions beyond conjecture. 

C. The coabuation and heating of a mixture of FGAN with bagging paper 
or wood can result in the formation of a gas mixture containing carbon monoxids 
and nitrous oxide which can undergo explosion, 

D. The combustion of a FOAN-paper mixture can be transformed into 
detonation under conditions of confinement« 

E. It is probable that the explosions 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« 
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11 July 1%7 

T»bl» I 

3p»oiflotion Test» of A—»Dia» Nitrat» (FTtiliiwr Grxk). 

Eth«r      Wat«r Total       Ormnlation 
Sampl« Moistur«, Solubl», Insolubl«, Nitregoo, HCTC    Ci        TBR 
Defi^natlon   R«o«iT»d fron        ^ ^ ]( Jt No.^  lo#35ft NoJOCfc. 

4.3 
2.0 
5.3 
2.8 
4.4 
3.6 
2JI» 
2J» 
3.8 
2J» 
4.2 
3.6 
2.8 
3J» 
7J» 
4.0 
5.4 
3.8 
5.6 
3.4 
4.2 
4.3 
5.0 
6.7 
3.4 
4.2 
4.0 
1.6 
1.2 
2.0 
2.8 
2.2 
3.2 
3.4 
3.6 
2.8 
1.2 
4.2 
8 
Uax, 

134 Iowa OP •0.07 0.85 
135 n II 0.05 0.84 
139 Nabraaka OP 0.05 0,90 
143 Iowa OP 0.08 0,71 
144 n It 0.06 0,93 
145 n It 0.08 0,90 
146 n It 0.09 0,84 
148 n H 0.04 0,84 
152 n It 0.07 0.88 
154 n It 0.05 0,90 
156 n II 0.05 0.84 
157 n ' It 0.05 0,96 
158 n It 0.03 0.88 
160 n 11 0.04 0.80 
161 n It 0.06 0.83 
163 n It 0.04 0,98 
167 n It 0.05 0,81 
168 it It 0.06 0,90 
169 ii It 0.07 0.91 
170 n It 0.08 0.85 
171 it n 0.05 0.80 
172 it n 0.04 0,95 
173 n ti 0.05 0.82 
174 it it 0.04 0.90 
176 it it 0.04 0.85 
178 n it 0.04 0.95 
179 n II 0.04 0.97 
572 Nebraska OP 0.04 0.73 
573 it It 0,04 0.80 
574 it It 0.04 0,91 
577 n It 0.05 0,72 
578 n II 0.04 0.73 
579 n It 0.05 0.73 
580 n II 0.03 0.73 
581 n 11 0.05 0.78 
582 n It 0.04 0.78 
583 it II 0.04 0.87 
585 R II 0.04 0.79 
587  h reacribeds 

It It 0.03 0,77 
0.25 0.75 £ 
Max, 0.35 

3.30 32.98 100 51.3» 
3.44 32,96 100 60.3 
3.26 33.39 100 74.1 
2.70 33.01 100 65.0 
3.07 33.14 100 62.6 
3.14 33.25 100 61.6 
3.38 32.98 100 66.4 
3.01 33.16 100 61.0 
3*06 33.16 100 67.2 
3.09 33.18 100 61.2 
3.27 33.14 100 66.4 
3.09 33.00 100 57.0 
2.98 33.22 100 64.0 
3.00 33.16 100 63.4 
3.23 33.21 100 64.0 
2.89 33.07 100 59.0 
2.96 33.12 100 65.0 
3.20 33.01 100 57.6 
3.36 33.01 100 65.4 
3.26 33.10 100 66.4 
2.88 33.21 100 64.0 
3.27 33.01 100 64.6 
3.09 33.01 100 64.2 
2.99 33.07 100 64.8 
2.53 33.31 100 61.0 
2.93 33.23 100 66.4 
3.34 32.91 100 61.8 
3.01 33.57 100 66.0 
2.64 33.72 100 34.2 
3.11 33.62 100 77.2 
2.77 33.78 100 75.0 
2.74 33.66 100 70.0 
2.75 33.71 100 72.8 
2.70 33.66 100 63.4 
3.06 33.55 100 65.6 
2.77 33.60 100 61.2 
2.90 33.47 100 67.8 
2.93 33.59 100 76.4 
2.98 33.49 100 64.6 
3.50^ 32.50 100 55 
1.00 Uln. Kin. Uln, 

"U.S. Standard sieve. 
£ By FDAP specification for Ammonium Nitrate (Fertilizer Grade) with Amsndment 3. 
* Fails to coinply with specified limit. 

1 
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TthU I (Contliwd) 

Eth«r      W«t«r          Total OryylitioD 
Meiatvr«, Solubl«, Inaolnbl«, Nltrog«n# Ruru     Si 

PMljPitlon   ÜMiyd. from       % % _% % No.8§   No.35i  No.BÄ. 

5« 

590 
591 
592 
593 
59^ 
595 
597 
598 
600 
601 
602 
1124 
2097 
3388 
3809 
3809 
86% 

OOP, F718 
OOP, F719 
OOP, F720 
OOP, P721 
OOP, F722 
OOP, 7723 
OOP, P724 
OOP, P725 
OOP, F726 
OOP, P727 
OOP, P728 
OOP, P729 
OOP, P730 
OOP, P731 
OOP, P732 
OOP, P733 
PrMorlb«dk 

UbrMkft OP 0.0k 0.79 2.92 33.58 100 74.4 2.6 
0.03 0.73 3.20 33.54 100 75.8 1.6 
0.03 0.77 2.99 33.56 100 63.4 4.6 
0.05 0.79 3*06 33.26 100 59.6 4.2 
0.% 0.88 3.00 33.47 100 62.2 3.2 
0.0k 0.75 3.09 33.47 100 63.2 4.0 
0.0k 0.86 2.97 33.53 100 60.8 4.0 
0,0k 0.77 2.76 33.59 100 80.4 1.2 
0.0k 0.76 2.84 33.6^ 100 77.6 1.4 
0.0k 0.76 3.01 33.62 100 78.0 2.0 
0.0k 0.75 2.62 33.63 100 74.8 2.4 
0.0k 0.71 2.92 33.66 100 83.4 0.8 
0.05 0.72 2.99 33.63 100 79.6 2.8 

8ilM IfMon Oo. 0.0k 0.59 3.76 33.14 100 83.9 0.3 
Xem OP 0.0k 0.55 2.56 33.76 100 74.6 7.2 

Milan Artanal 0.03 0.^8 2.77 33.70 100 72.6 1,0 
Silu lUson Co. 0.03 0J»2 2.60 33.74 100 62.3 10.8» 
Silas Maaon Oo« 0.03 0.60 3.56 33.28 100 75.1 2.4 
Comhuskar OP 0.05 0.66 2.16 33.90 100 84.0 0.7 

0.06 0.57 2.42» 33 vC: 100 73.9 1.8 
0.06 0.65 2.67 33.75 100 68.4 4.5 
0.05 0.77 3.09 33.71 100 70,0 4^5 
0.06 0.99 3.19 33.27 100 67.4 4.3 
0.06 0.65 2.55 33.83 100 67.9 4,9 
0.06 0.94 2.67 33.57 100 62,7 6.3 
0.06 0.74 2.93 33.64 100 76,7 2.4 
0.06 0.64 2.65 33.75 100 76.5 7.0 
0.06 0.70 2.94 33.42 100 65-3 5.2 
0.06 0.66 3.31 33.61 100 69.7 2.4 
0.06 0.66 2.78 33.55 100 74 .H 2.3 
0.01» 0.63 2.67 33.61 100 79.0 2,1 
0.05 0.63 2.96 33.62 100 72.2 3.2 
0,07 0.65 2.53 33.73 IX 69.6 4.8 
0.06 0.74 2.58 33-64 100 71.0 1.9 
0.07 ü.77 3.24 33.45 100 70,7 3-6 
0.25 0.75^ 3.50 ^ 32.50 100 55 8 
Max. 0.35 1.00 Uin. Mln, illn. Max, 

- Ü,3.Standard «irr«, 

£ By FDAP spacification for Aanonlua Nitrat« (Fertilizer Grade) with Amendment 3. 
* Pails to eonply with specified limit. 

I 



I 
He- 

n 

m 

i 
9 

n 

a 

V^i II 

ii- 

s^a^ 

o »      3S 

g 
^   R 

0 a 

0 ä 

8 

g 

§ 
6 » 

1 

S8 I 
"«     K 

•     •      a o 

i 

O.Q 

ss as 

SI 

S 

« 

ä 

ti^ mmki 



i 

I 
8 

I 
3 
s 
•H 

9 

i 
5 

I 
s 
^ 

H 

it 
2^ 

1 |2 Ü 

5 H
eb

i 
O

rd
. 

a 
Il m 

-S 

1* 5*1 

a b 

9 
u 

# • 

a, o 

Or-«       O •    • • 
or-    o as art s 

§H       S 

»O iH 

Ol        I 

«I        I 

O   r-t 

rJrH        ^ 

-» «H 

Ol        I 

tM O* 

Ol       I 

>0 C4 

^       ^ s 
-» p^ 

I  I 

I   I 

I  I 

-»        r^ rA iH 

t     I 

I     I 

8 8 

^   3   ^£8 

ifä. 
SB      ' 

^      1 • u 
m 

n 
32 

1       5   ^^Ä^ ^   5^S^ 

3 feile    b      ^^51 
c 

n 

•ö 

3 

a> 
u 
o 
* 

o 

I 
a 

o 
n 
u 

«8 

«I     r-4 

c 
o 
n 
a> 

n 
t 
a, 
© 
tu 

i 

§ 
•5 

5 

c 

S3 
•H   (0 
Tl 

•r?   n 

«  *» 

e o 
9c o 

V)   « 

t, s. 

c 
« 

o o 
b 

«} « « a 
Ja 
3v 

ü"a 

I 
O 

Ü 
3 
n 

IU 

x: vn 
n > © 

o «a 
m ft 

6si 
ä^5 n 

o 
a 
o 
o 

one 
b a .o 

*> jza 
v Q 

a   s 
« J3 

X»      *>     »  *JV| 
«     4    -C       O 

r-»     Vl   <d 
3 O 
«0 «M „ 

cot, 
r-1       O 
4 U  C V 

*5    "H   OJC 
O      4 ■rl** 

•   s «^ 
^ S5JC 

41 iai  ol ,"» 

■3 

t 

1 



«0 

o 
a; 

&f 

D 
HI 

■a 
4* 

8 
t 

8. 
3 

O    • a m 

u u 
Si? (0 CM 

I 

I 
« 
U 

I 

I 4 4 4 Hi   ill  I   I 

jbi ■   S   S S   8  S   S  S  S   S 

C3 

8. Si« 
O *> Q -H 

III! 
« 

« 

8.2 
o *» 
• as -a 

"5IS 

t 
Q 

. i\ «» «P ««««   «ff «« «jl «« «« «« 

*■       I 

8   "I      IT    ^^     «A »A »/\ «A       «At«-    (A »A      «At-    VAtA    «A «A     iA «A 

s-01 si ü idü is ii i£ ii ii ii 

<A«A»ri«A «A«A«A«A«A«A 

»»SIR} Rf»»»»» 

u 
■M   a 

^   ^ 

i  & 
$ 

& CM 

a.  • 
o I 

« u 

A0 

■a o n 
n 
t 

u 
9 

o 
«I 

"3 
SSd 

c 

a 

9 
o 

CM 

§ 

OQ 
W 
2 

ii CM 

I    I 

03 
M 
as 

CM 

8 

X 
Ü 

<? 
4 

00 

OS 

I 
o 

5 





u  n 

•       • 

51 i   i   g   )   I   e     i   t   i   I   i 
r-lr-tr-tr-tiHHrHr-» «HHHH 

r^.O0<0Jc^-*OO CO tfN«0 
ollllltl        (      B      :      I     I        ••*•••••  >4k's,i> •    •    • 

O 
as 

> 
o 

c o 
o 
V 

n 

£ 
Si 

«1 

o 

o 

o 

s 

CO 
> 

• •^ 
Ü n 

o V 

» H 

.H 

• n o « 
08H 

UO OOOOOQsOOOvO      I    I    I    I    I    I    •    I      llllll 

».ZJ «A-5-} PS o MN<^ 
y   " "-k^V.   •   »^    I    I    I    I    I    1    I    I     llllll 
olO OOOOO    i-trHOOH 

M c   (   i   s   o   i   o Q  i   i q   t   i   i   i   i   i   i   i    iiiiii 

u t   (   i   i   e   i   ^ '^ o   I ^    c   i   i   i   i   i   i   I    IIIIII 
O r-t r^v 

T3   §    'I >A »A »^ .   ^ 
»  t, al I    C    I    J    1    •     I    •    8    I    •     I   I    •    I    I    »    •    •    I    •   •   I   I    • 

^    •{ I    I     I     I     •    I       III» •    •      I     I     I     I     •   I 

>» A « a 

kA IA >A IA 
I     t     I      •    I     I        •     •       »    •     I        I     •     I     •     I      •    •     •       I     I     I     •   I     I 

CM Ol »^ H 

»A VA VA IA 
|    I     •   I    t    t       I      ^   C    I    I      I    I    I    I     •   I    I    I      I    I     •   I    I    I 

OJ CM iH HI 

Ä 

Q,    .1                                                                                                      »A «A 
' llllll 1(111 111*1111 I  • I  I  I  I 

^ »I  IA »A                 «A IA 
>» a i    • i   I   i   i •  I   i   i   i II*IIIII • i   i   l   I   i 
fa Si    oi <^                            •-• H 

R 

t 
«I 

- » 

tu IA «AlAtAtAtAlA 
llllll     I   i   I   i   I     ••illl'l     ••••_5« 

4> *>   : »A 

ale! 
»A «N »A lA VA    «A 

I     I     I     I •••••       *    I     I     I     I     I     I     |       llllll 
CM CM CM CM CM    H 

^ 

P"^^PPP<PHHiü 



PA Tech. Rttpfe. Ho. 1698 
11 July 1947 

Tab^ VJ 

MiaiMB Tloa-Tenperature EoquirMwntfl for th« Ignition 
of FGAN and Uixtur«» with Saw dost or PaporT 

TlM for Uin. TMP. . OC.. for Lmition of 10 m, of 
Ignition, 10% Sawdust 55» Pap«r 

■in. 
- 

10056 FGAN 

780 

9056 FGAN 

580 

^PGAM 

0,5 580 
3 410 310 310 
6 310 240 240 

20-30 30Cft - - 
8 _ 200 — 

12 _ — 200 
15 _ 160 - 

18 . - 160 
26 . 150 - 
50 - - 150 

~ Doconposition with ignition. 

Table VII 

Thcnnochemical Teats of FGAN and Mixtures 
of It with Paper and Sawdust. 

Composition» % 
FGAN» 100 90 90 
Bagging Paper - 10 - 
Dried sawdust — - 10 

Bath Tenp., 0C. 120 120 120 
Max. Temp., OC. UB.U 117.3 118,0 
Bath Temp., oc. 134,5 134.5 134.5 
L'ax, Temp,. f'C, 134,9 134,9 134.3 
Dath Tt.   ..,  *:. 150 150 150 
Max. Tenp., 0C, 149.1 184.0 160,2 

172.0 
Tins, hours 5.5 3.5 0.6 

1.25 

NOTE:    10-gram samples wars placed in standard 134.50C. Heat Test 
tubes with a thermometer bulb inb  vcd in the sanple.   The 
tub« then was placed in a Heat Test bath maintained at 120° 
or 134.50C. or in a liquid bath maintained at 150oC,    The 
tanporature of the 3a-nple was recorded periodically and the 
naxiinua value obtained is recorded above.    In the tests at 
150oC. the rises in temperature of the samples occurred 35 to 
40 minutes after 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. 

amam 
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Tabl« VIII 

Effect of Temperature on Impact Sensitivity of 
Amnonlmn Nitrate, 

Temperature, 
0C. 

25 
75 
100 
150h 
1752 

• Coated with Wax B. 

Nitrate 

31 
28 
27 
27 
12 

Impact Test, PA ^p?., 
2 Kg. Wt.. for 

FGANä 

30 
31, 31 
22 
23 
12, 13 

- Nitrate in molten condition. 

Method 

Length of column 
Diameter of column 
Density, gm./cc. 
Booster 
Rate, m./sec. 

Table IX 

Rate of Detonation of FGAN-. 

CoaTinodS 
Solid 

D'Autriche 

51" 
1,25" 

0.90     0,92 
c 

1370 "" 1330 

Unconfined 
Solid 

D'Autriche 

40" 
4.5" 
0.90 

d 
1105 

Molten 
Drum camera 

44 wn, 
3 cm, 
1.4 

2109 

1 Coated with Wax B, ^ In seamless steel tubing 0.25 inch wall thickness 
£-50 grams of Composition A-3 with Engineer Corps Special Blasting Cap, 
^ 0.5 lb. of Composition C.    Detonation died out with 0.25 lb. of Composition 

C 
Ä 50 grams of Composition A-3.   V'olten FGAN did not detonate when initiated 

by Engineer Corps Special Blasting Cap alone. 

Table X 

Drisance of FGAN by Fragti'  it-.ti^ T of 40 mm. Shell 

Av. Weight of Charge, gm. 
Av. Density of Charge, gm./cc. 
Av. Total number of fragments 

FGAN 

44.3 
1.0 

16 

TNT 
44.7 
1.01 

66 
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Table XI 

3-Inch Vented Pipe Bombf Teats of FGAN. 

FGAN,  lbs. 
Position of bomb 

Temperature, 0C. 
FGAN heated to 
Maximum recorded 

Effect on bomb 

10 
Horizontal 

165 
575 

None 
Red fumes 
evolved. 

10 
Vertical 

150 
160 

Screw 
plug blown 

out« 

10 
Vertical 

16Q£5 
160^5 

Upper 
cap blown    i 

I:-:.-a.       ' 

Equipped with thermocouples and heated electrically. 

I' 
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PA T«ch. ;i«pt. No. 1658 
11 July 1%7 

Table XII 

Heating Teats of FGAN and Bagging Paper in 1/4" Steel 
Sijnulated Smokeless Powder Shipping Containers (Welded) • 

(Photographs H-33017 and »-33016)  

Test No, 
Date 

Charge 
-TOT, lb. 

Bagging Paper, lb. 
Position of Container 
Method of Heating 
Time of Heating, minutes 

Result 

Photograph 

28AÄ947 

100 
1,5 

Horizontal 
Bonfire 

11 

Rupture at 
end. 

M-33260 

30/^/1947 

50 
4.5 

Vertical 
ßonfire 

8 

Rupture at 
end. 

Ü-33028 
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Table XV 

Gases Produced by Heating FGANi. 

FGAN, g; , 

Max.  Temp,, 0C. 
Initial Bath Tenp,,0C. 
Tirß of Heating, min» 
Initial PreaTore, cm, 
Hg. 

Compoaition of Gas, % 
Carbon conoiddo     "* 
Nitrous oxide 
Nitric oxide 
Acid gasest 
Hydrogen 
Nitrogen 
Oxygen 

10 

0.0 
0.0 
0.0 
0.0 
0.0 

79.2 
20.8 

10 

120 120 
2,> 25 

J.30 30 

20 

0.0 
0.0 
0.0 
0,0 
0.0 

79.0 
21.0 

10 

20 

0.4 
0.0 
0.0 
0.5 
0.0 

78.6 
20.5 

10 ID 

1 *■ 180 200 
25 25 20C 
60 90 120 

0.0 0.5 
1.2 18.1 
0.0 0.0 
0.0 2.0 
0.0 0,0 

77.2 65.7 
21,6 13.7 

- Coatod vdth V.'ax B. 

- Nitrogen dioxide and/or carbon dioxide. 

/i 
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No. 1658 

Table XVI 

Gases Produced by Heating 
Mixtures of 

^GANä and BanÄin* Paper. 

FGAN, gm« 9 9 
Bagging paper, gm. i 1 

Max. Temp., 0C. 175 175 
Initial Bath Temp., 0C. 25 .■/5 
Tin»9 of Heating, min. 45 50 
Initial Pressure, cm, Hg, 20 1 

Composition of Gasest. % 
Carton monoxide 3-U M 
Nitrous oxide 4.5 ^.2 
Nitric oxide U..0 0.0 
Acid gases£ 15.5 6.5 
Hydrogen 0.0 0.0 
Nitrogen 72.6 74.2 
Oxygen 0.0 15.0 

Ignition Yes Yes 
Explosion of gases in 
flask Marked Slight 

9 9 
1 1 

175 175 
175 175 
50 50 
1 1 

3.4 3.4 
2,0 £ 
0.0 4 

18.9 13.0 
0.0 0.0 

69.5 - 

6.2 0,0 

No Yes 

None None 

Ä Coated with '.Vax B. 

- Nitrogen dioxide and/or carbon dioxide. 

£ Insufficient sample for test. 

4 Present in large proportion, 

S, The mixtures were heated in 250 ml. flasks connected to partially 
evacuated gas-collection bulbs by ca, Uiary tubii.g. The gases 
analysed were those evolved prior to any explosion in the flask 
or at the end of the experiment. 
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PA T«oh. Rapt. 
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No. 1658 

Heating Testa of PGAN and Bagging Paper in 2,5" 
l,d, x 36" Welded Steel 0,125" Pipe Bombe. 
 (Photograph M-33503/3)  

Date of Test 

Charge 
-T53ÖT, lb. 

Bagging paper, lb, 
Atmoaphere over charge 

CarDon monoxide, atm. 
Nitrous oxide, atm. 

Position of Bomb 
Methed of heating 
Time of heating min. 

Resu.Vt: 

Photograph 

27/6A7 

5.7 
0.006 

Evacuated 
3 
3 

Vertical 
Electrical 

50 

Bomb 
sheared, 
bent and 
folded. 
Incomplete 
detonation. 

2/7A7 ?/7A7 

5.7 5.7 . 
0.006 0,OAS 

Evacuated T.. ^cuated 
1 
1 

Vertical Vertical 
resistance wires. 

U6 50 

M-33502 
U-33503 

Boob 
sheared, 
bent 
folded 
and 
broken. 
More 
complete 
detonation, 

M-33503/1 

Bomb 
fragmented. 
Almost com- 
plete de- 
tonation 
of charge. 

U-33503/2 

■" In long narrow strips (12) extending lengthwise trough charge. 

.   i 



• PleatInny Araonal WRTomllnson,   Jr./lUAoronson/abl 
11 June 1947 

Review of Llteruture on  the  Explosive 
i'ropertles of yiramonliun Mtrate  (AN) 

1. "The üxplosibillty of Aflunonlum Nitrate" by Chas. K. Wunroe - 
Chem.  Met.  raig.  26,  529   (1922). 

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

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

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

AN cam sometimes be exploded by blasting gelatin. 
Heating AN increases its sensitivity. 

2. "The Influence, of Confinement upon the Explosibllity of Ammonium 
Nitrate" by J. L. Sherrick - Army Ord. 4. 329-335 (1924)  " 

Attempts to detonate AN at o,7 gm/cc in 1.5 in. I.D., 4 ^&* thick 
Shelby Steel tubing, using 100 gn boosters of TNT, tetryl, picric acid, TNA 
or high AN explosive did 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 - 
Array Ord. 4, 395-400 (1924) 

Results similar to those shown In Ref. 2,  explosibility of AN 
decreases with (a) Increasing density (b) decreasing confinement. 

4. "The Influence of Temperature on the Kxploaibility of Ammonium 
Nitrate" by Q. W. Jones - 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 - 1400C. Boosters of higher brisances are more 
effective in exploding AN than those of lower brisanca, 

5. "Fanous Nitrate yires of History" by C. £. llunroe - 
Chem. llet. Sng. 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 impact force, may 
cause explosion of the burning mass. 

(Q 



6,  "The Xaflue.ncB of Temporature on the äxplosibillty of Afltfnonlmn 
Nitrate" by D. 3. Gewthrop - AJ-ioy Ord 6^, 47-50 (1925) 

The aenaitlvety to Initiation of ^N Increases with temperature, the 
detonation rate rising uniformly from 1050 ro/s at 150C to 1500 m/a at 140°C, 
using AN at 0.70 gn/oo, in 3.59 cm I.D., 0.2 in. thick Shelby Steel tubing, 
whan 75 gm boosters of lightly tamped picric acid are used, 

7. "Deatruotion of Muscle ahoala Ammonium Nitrate by Fire And 
• gxplosion" - lad* ^ng- Chem. 17, 819 (1925) 

Two carloads of AN from Uuscle Shoals were destroyed by fire in 
tranaportat ion. 

In reprocessing coated Muscle Shoal•s AN at the Horoulea Emporium, 
Pau, Plant a high pan explosion occurred at 276 - 278°?. The organic coating 
was thought responsible. 

8, "Facts and Fancies about the Opyau Explosion (Ammonium Nitrate)«,, 

by J. Kendoll - Chem. Uet, Eng. 2? 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- 
aponaible for the explosion. 

9, "gxplosion of the Nitrate Plant at Gppauw by C. Commentz - 
Chem. Let. iing. 25, 818 - 820 (1921) 

Two terrific explosions disintegrated two large buildings con- 
taining the ammonium aulphonltrate leaving only a crater 50 ft.deep and 
£50 ft. in diam., and aeverly damaged Oppau (175,000,000 marks), sound and 
•arth shook traveling 145 miles and causing damage at a distance of 53 miles 
(Frankfurt). 16000 blastings of the salt with dynamite had previously 
baan made, to break up sat nitrate, without mishap. Prior to explosion the 
color of the salt was reported to have changed from white tu yellow and the 
storehouse temperature to have risen to 100 - 1200F. A violent gas angina 
explosion «as also mentioned. The explosion was not followed by fire. 

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

Acidity was mentioned as a possible factor. 

10. «Aasioniua Nitrate" by H. Kast - Angew. Chem. 36, 72 - 7b (1923) 

AN was detonated by 50 - 300 gm boosters of tetryl, and of 
piorlo acid, at 0.65 - 1.0 gm/cc in 2.5 - 10 cm columns in wrought iron 
tubas. The rates recorded range from about 1200 to 1900 V** 



11.    "A—Dniim Nitrtf M an IXPIOSIT«*   by R. M. Cook - 
Ohmm. Mat. K«. 31, £31 - 234 (1984) 

Hook. 

Port 1*1 dotoootioM «oro obtoinod In tbo follovias ooooot 
S C» All InltUiod' by S 01 blootln« golotin in tho boUiotio aortor. 
160 0k All inltlotod by a #6 oop, in o 8^ inoh dloaotor oonoroto 

880 0a All inltlotod by o #a oop,  in o l| z 8 iaoh ooppod plpo 

II.    ■Proportloo of A—oni>m Hitroto. 1. yroooing point ond Tronoition 
Toaporoturot" by B. 0. »rly ond T. M* Lomry - 
J. Cho«. ioe. 118, 1387 - 1404  (1919) 

Pom Stoblo - Toap. Bongo, 0C« 

lot <-16 
2d -16 to 38 
3d 32-84 
4th 84 - 128 
5th 125 - 170 - 

Liquid > 170 

13.    "Jiro Bioko with Aaooniuin Nitrato"   by J. L. Shorriok - 
Amy Ord. 4, 237 . 241 (1924) 

Ponoity - gw/oo 

1.723 
1.66 

no rooiduo. 

fl 

3 gn AM in a test tubo are not ignited by a blaok powder fuse. 
At rod-hoot 8 go AN merely deoonposod, without floao, but leoTing 

» 
100 ga AN dropped on iron, heated to cherry-red, doooapoaed without 

Aetna Powder Company olaima ozploalono wore obtoinod on dropping AN 
into hooted iron Tosseis, at temperatures as low as 3400C. 

Forric Oxide Thermit, or Its combination with a §6 cap had no offoot 
on AM, but usually caused partial or complete burning of AM/wood pulp alxtureo, 
contained in cloaod tin cans, at 0.71 gm/co. 

100 gm AM/wood pulp mixtures did not explode when Initiated by §6 
oopo, 

14. "Über gxyloslble Ammonsalze" by H. Kast - 
Zeit: Scbiess u. Spreng. 22,  6-9, 30- 34, 56- 61, 77- 80, 

lJ9 - 102, 131 - 135 (1927) 

Indicates a 3000 m/s detonation rate for AM if dotonotod high order. 
AM will explode under a 16 - 20 cm fall of a 10 kg wt., or a 12 cm 

fall of a 20 kg wt. 
Lead block expansion of AM given as 225 co vs. 325 oc for picric 

acid. 
Small amounts, up to about 30%,  of ammonium sulphate have little or 

no effect on the explosibility of AM, but somewhat higher rates are recorded 
at the lower sulphate-contents. 

These articles contain considerable data on impact, heat, lead 
block and detonation tests values for AM, AM - salt mixtures, AM - combustible 
mixtures, and for several other salts. 
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IB.    *3ur Im foro» d— gSJigggg •«Plolvt» dUpys Im thTaoohl«i»w   - 
by D. B«rthoUt - STSST^ Pwlt, 1868 

"UPloiiytt1'   by BruAOTlCi 191fi 

"High KploilTtt»   by OolTtr, 1936 

^pplotiT»»*   by lUrthail, 19S2 

"SohlMi u Spfagatoff«"   by 3t«ttb«ob«r( 1939 

"Powder «ad ttcplo»lT«iw   by Dmwim, 1943 

OalQttUttd ooaitaattt    (Bruna«Ui Barthoitt, Golrmr, U«r«haU «bor«) 

RMt of •splosioa, oonot. TOI., vator llq.     630 oaX/es* 
Szplotloa TMV^rttur«« £16000* 
Spoolfio VoluM 937 1/6»* 

liarshaU, mhorm, »tmf tut th« Oppau «xploaioa Mt du« to bUstiag 
with «xploslre« «ad that ««T«ral huadrod of MT«r«X thouaaad toaa of AR «xplod«'* 

3t«ttbaoh«r. «bor«, oit«« r«t«8 of UTO - 1600 m/m for AR «h«a ln- 
oo«pl«t«ly d«ooapo««dl aad 6000 - 8000 m/m mAmv ooaplot« d««oapo«ltloa. 

16. 
aad 

*3pontaa«ott« D«T«lop«aat of $£& \* UlaM 
lad. KB«. Ch«a. 36, 1896 - 1903 (1946) 

^Orgaalo Uatarial aad Am*»lum Mitrat« ia yrtiliaar Mixturaa" - 
lad. lag. Ch«B. 37, 69 - 63 (1946) 

3poat«a«oua igaltioa of nixtur«« ia larg« naaa pUM, of auparpboaphat« 
• AR - organio nattar oaa ooour at ao^ air tanparatur« da« to th« prM«ao« of 
fra« pboaphorio aoid ia th« «uparphosphat«. Igaitioa ia du« to th« ralaaa« of 
aitrio «old by the phoaphorio aoid. 

17. «The Tharaal SaaaitiTaaaa« of gxploiiTaa" - 
A.C. 4439 - Eritiah Report. 

llaay differaat mteriala oatalyse the daoospoaitioa of AN, aad ia 
tha praaaaoe of from 1 - 20% of the followiag oonpouada AR aay be exploded at 
about 800 - 3000C : 

Chromlvja trioxida 
Chroaio hydroxide 
Chromlo nitrate 
Chronti alua 
Potaaaiua ohroaata 
Aanoniua diohroaat« 
Potassiua diohronate 



18. "Study Ammonium Nitrate Explosive from K«lb>r powdT Coapmy   - 
P.A. Teoh. Rpt.  1008 

A mixture of finely ground ammonium nitrate and 6.6£ resin 
(0.08^ moisture), had a Drop Test ralue ( E kg wt.) of 68 on, was not 
•ppreoiably affeoted in the Rifle Bullst, Pendulum Prlotlon, and 1200C 
▼aouun Stability Tests. It was, however, initiated, in the Sand Ts»t, 
«ban pressed lightly, by 0.4 gm asroury fulainate and crushed 36.4 gi Sand 
(HIT : 40, 80/20 Amatol * 28.5). 

19. "Nitrate of Aaaonia - Taats Made on sensitivanees of AW at 
Sxyerimental laboratories of the Atlas powder Coayany - 
Additional Tests" - 14 NOT. 1918 
P.A. Spso. Reports Pile No. 412 3. 

Moist AN and xino dust will explode. 
Neutral AN ohars sugar at 188°?, while aoldic ( 3 drops of 93)t 

nitrio aold) AN ignites with sugar in 8 minutes at this temperature. 
AN was unaffected when subjected at 1000o, to haansr blows on a 

steal anvil. 
Partial detonations were obtained when 2 lb. samples of AN were 

Initiated by #8 caps at 190oF, ^s ^ ms packed in closed cans 4 in. in 
diam., S in. tall. The AN was unaffected in about 70)1 of the trials. 

AN subjected to the action of #8 blasting caps, a 10 gm tetryl 
booster, dynamite cartridges, and on electric arc (1000 - loOO0*?) did not 
datonate. 

4 lb. 9a. of AN heated in an agate-ware kettle ( in a steel 
cylinder) over a hut ooke fire was subjscted to the action of #6 caps which 
exploded at 1550c. One explosion was obtained in several trials. 

80. ntxplosibility of AN" - P.A. Spao. Reports Tila No. 1110. 

Molten and solid AN were unaffected in the Pendulum Friction Tast • 
■teel shoe. 

Molten AN was unaffeoted by blows from a 16 lb. sledge hammer, on 
steel rails. 

AN was unaffected in the Rifle Bullet Impact Tast using 0.30 oal. 
Sarvioa, AP, Tracer or Incendiary Anuounition. Slight smoke was noted in each 
trial where tracer or Indendiary rounds were used. 

A barrel of AN heated in a boo-flre, ahich burned around it, and 
subjected to the action of 6 Mk VII Booaters ( 3 in. TM Shell) exploded 
partially, about 3/4 of the AN being consumed. This is presumably the same 
test described in Spec. Report 1101. 

21. "Testa to Determine the Possibility of Detonating AM" - 
P.A. Spec. Reports File No. 1101.  21 Jan. 1919. 

No. 8 blasting caps did not explode AN at noraal or elevated 
temperaturos. Barrels of AN heated over a fire and subjected to the action 
of Mk VI Boosters (for 3 in. TM Shell) exploded partially. 



22. 03RD Report 8014; 

Properties of AN 
Lead block expansion 165 oo. (Picric acid - 305) 
Lead cylinder compression 54^ of TNT 

23. "Explosibility of Aaaoaiua Nitrate and its Mixtures with 
Other aalts." - by Naoum and Aufschläger 
asit. f. Schiess. u Spreng. 19, 106 (1924); CA. 18, 3721 (1924) 

In the system of AN-potassiua chloride, the exploaibillty decreases, 
at constant composition,with increasing fineness of the latter component. Heat 
of explosion and Trauzl Block data are given. A 75/25 - AN/potassium nitrate 
mixture «as readily detonated in seamod iron tubes, initiator piorio acid, at 
a rate of 1200 m/s; on the other hand a 1-1 mixture can only be detonated with 
difficulty. The latter mixture can be detonated, however, in a drawn iron tube; 
a rate of 1460 m/s was given. 

24. "Report of Experiments to Determine whether A—onium 3ulphate- 
Nitrate as Prepared at Oppau Posesses gxplosive Propertie«,t - 
by 0. Rotter. - Trans. Faraday 3oe. 1924 (advanead proof); 
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 shook heat and 
initiation. 

25. "Limit Diameter of a Charge of Ammonium Nitrate* - by Belyaev and 
Khariton - C.r. acad. sei. U.R.S.S. 48. 256^8 (1945); C.A* 40, 
4884e (1946) 

Initiation, with 97/3 - AN/TNT, of dry AM at 0.7 - 0.8 gm/oo, in 
cardboard, or glass, tubes led to stable detonation at diameters above 8-10 cm. 
Damping, below this diameter was more abrupt at the amaller charge diameters. 
Under water or in concrete the minimum diameter was 3-4 cm* 

26. "Sxplosibillty of Ammonium Nitrate and its Mixtures with 
Other Salts" - by Naoum and Aufschläger - 
Zeit. f. scheiss. u. Sprang. 19, 35 (1924) 

Mixtures containing up to 50^ of AN; with ammonium sulphate can 
be exploded by sufficiently strong initlatora, but a iO% AN mixture is not 
practicable to explode. Equal parts of AN and ammonium sulphate, mixed dry 
in 8 mm seamless steel tubing of 60 mm I.D., initiated by 185 gm Aatralit, 
detonated at 1070 m/s. The sama mixture prepared in the wet «ay (double 
salt) could not be exploded, the* showing the effept of fineness of ihe sul- 
phate. When 200 gm of picric acia was used as initiator the rates obtained 
for the mechanical mixture and double aalt were 1400 and 1030 m/s raspectively. 

^ 



87, «"nie KiploBlTe propTtl«« of Mixtur«» Contaluing 
ABunonlua Nlt^^t^.,, - by A. J. <l«r ff«du««n 
Ch«ffl. «««k - blad. 19, 1922, 341-2; C A. 16, S760 (192«) 

Claijut AM or its mlztur«« with up to 90% of an l&ort —It  ean b« 
■«da to «zplod« Tlolantly if initiatod by 50 ga INT. 880 ga of Mdt alxtur« 
«as uaad, and its affaot on an iron plat« obsarrod. 

26. "Tha Daoonpoaition of Aaaoniua Nitrata During fraporatlon«* - ,by 
V. A. Klarka - J. Cham. Ind. (llosoow) 19387 NoTl, 63-4; 
C.A. 29, 3469 (1935) 

Almost no decomposition of AN occurs during «raporation of ita 
solutions at atnosphario or reduced pressures. 

89. "The Spoptanaous Decomposition of Aagoniua Nitrate Melts," - by 
Heinrich Traam and Hermann Velde - Angaw. Che. 4£, 782-3 (1934); 
C.A. 29, 6999(1935) 

Chlorine free AN which had become acidic, by slow ammonia 
erolution» on long standing at 17S0C, in the molten condition, did not de- 
oompose seriously. A chlorine containing, but alkaline or neutral, malt 
at 1750C did not decompose more rapidly than chlorine free material. 
Ralatlrely saall amounts of free acid and chlorine combined may, however, 
oause spontaneous decomposition at temperatures aa low as 1400C* 

30. "Chemical and Physical Properties of Oppau Ammonium 
Sulphate - Nitrate," - by Robert Robinson, U. U. Ihomas, 
A. K Hallimond and William Bragg. 
Trans. Faraday Soc. 1924 (advance proof); C A. 18, 2250 (1924) 

The investigation uncovered no factora which might have caused 
the disaster. 

31. "The sxplosiveness of Pertilizers Containing Ammonium 
Nitrate" - by N. 3. Torsuev - J. Cham. Ind. (Moscow) 13, 
102-104 (1936); C. A. 30, 31507(1936) 

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

32. "Detonation of Ammonium Nitrate", - by Laffltte and Parlsot 
C.r. 203. 1516 - 1518(1936); C. A. öi, 16157(1937) 

AN ikhen mixed with 1.5-2£ nagneslua, alumin'om, dinitro or 
trinitro napthalenas can be completely detonated by mercury fulminate, in 
7-21 mm columns, if an amount not exceeding 30 gn is used. This is not 
true of pure ammonium nitrate. 

X 
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>urltl«t" - 33, «Ttixon lxplo»lon mp^*»lf tttmot of Orgaalo lyi 
by B. D. B«ahford   - Chaa. fc Mad. 30, 622 (19M) 

States AN is not an axploair« In tha abaanoa of organlo iapurltlas. 

34, "Awaonim» Nitrate by Itaalf ia Not an pploal?** - by O. N. Noraan - 
Chea. k Mad. 30,  622 (1924). 

perlanced. 
Other ooopounda era stated to be the oauae of szploeiona   az- 

36,    "Safety in the Manufaoture of Nitric. Sulphurlo. end 
Mixed Acida and Nitrate of Aamonia as Used in the 
Menufaoture of B^lpaivea.'1    - by 3. H. Kerahaw 
Ind.  Bn«. Chea 18, 4(1926) ; C. A. 20, 504 (1926) 

Safety praotioes are disousaed. 

36, "The Decoapoaition and Stability of Aflfigniufl Nitrate 
in the Presenoe of Ozidiaable Material." - by A. Findlay k 
C. iiosebourne - J. sec. Cham. Ind. 41^ &8T (1922); C. A. 16, 
1319   (1922) 

AN can be heated 100 days at 1000c without appreciable de- 
composition, but in the presence of woodmeal decomposition soon occurs with 
evolution of carbon dioxide and nitrogen.    The cellulose, not the resinous 
natter present,   is responsible for the decomposition, and starch «as found 
to have a similar action.    The interaction was prerented by urea but not 
by diphenylamine or phenylbenzyl ether« 

37, "Recovery of Ammonium Nitrate from Amatol,    gxplosion 
of Ammonium Nitrate Plant of Ammonite Company*.    -  by 
R. N. Schreve - Ind. Sng. 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 explanation given.    14 references 
are listed, 

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

Pure ammonium ni %.rate decomposes to the extent of 9P£ , yielding 
nitrous oxide and water.    The course of the decomposition is unaltered over 
the range 210-2600c.    At same point near 300oC other oxides of nitrogen are 
evolved and the reaction proceeds explosively.* At the moment of explosion 
the nitrate decomposes yielding N02, NO and Ng in the molar ration 2:4:5. 
Chlorides when present, even to the extent of 0.1$,  catalyze the decom- 
position presumably due to the formation of chlorine.    Sulphates are without 
characteristic action and sodium nitrate, when present  in small amount, has 
no effect at temperatures below 2500C. 

""Gas phase explosion only. 
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39. "Tho KxpioaloD of Oppau," Anon 
J. Joe. Chem. Ind. 40, 381-R (1921); C.A. 16, 164(19^2). 

D18CU83Ö3 tho possible causes of the explosion. 
Formation of NCI., via Chlorine acting on AN. The chlorine was 

assuned formed from a chloride and AN. 
Formation of unstable double salts between AN and anunoniim 

sulphate. 
The presence of acidity which could, by interacting with am- 

monium sulphate, cause autocatalytic exoth«tmic reactions. 

40. "The Explosion of Two Cans of Ammonium Nitrate at the 
Aktiongesellschaft-Lignoae sxplosive Factory at Kriewald 
0.>3. on 26 July 1921* - by D. Tl.  Bramkamp.     -— 
3 elt. Schiess. u. Spreng. 17, 67(1922); C. A. 16, 2605 (1922) 

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

The author refers to üacoles "AN Explosives'*, p. 40, who related 
that 200 gm of AN was not detonated by 1-3 gm mercury fulminate, but was 
•trongly exploded by 20-30 gm of Bellit (AN 4 ENB). pressed AN was exploded 
by TOT detonating cord. 

Tests of AN from Kriewald were made. Pressed in oasts it was not 
detonated by two No. 8 caps, out about half the mass exploded r^hen s cartridge 
of Vetterllgnosit was used.. 100 gm AN tamped into an iron beaker was not 
detonated 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 4? gm AN with 2 gm TNT, initiated by a No. 8 oap. 

41. "The Explosiveness of Molten Ammonium Nitrate" - by Rudolph Kaiser 
Angaw. Chem. 48, 49-50 (1935); C. A. 29, 31614(1935) 

AN heated above about 2000C decomposes according to the following 
reaction, which is rapid at and above 2600C. 

2NH4N03 Z    2NH343K02+N04N2*K2
0 

A small amount of AN heated in an evacuated bulb yielded a gas 
phase, containing a mist, which exploded after a fairly long period et 
260-2690c. 

42. "Fire and Explosion Hazards 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 6l£ AN 
do not constitute a fire or explosion hazard» 

Z? 



U3.    "The Decomposition of Aamonlua Nitrate by Heat." by Shah and 0»a 
J. Chem. Soc. 1932. 725-736. '"~        ~ 

Confirms the statements of reference 38 with respect to the fact 
that gas phase explosions occur at some point near 3000C, «hen A.N. is 

heated. 

- 10 - 
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SujiBiary; 

a. AN at a danalty of 0.7-1,0 gn/oo, oan ba oauaad to datonata by 
tba action of aufflclantly strong booatara (i.g.  50-100 ga tatryl)  in ooluana 
8-10 ooi in dlaoater whan oonf inamant la waak (papar), and in ooliuma 3-4 om 
in diamatar whan oonf inamant is strong (ataal).    fiataa in tha rang« 1000- 
£900 B/B, dapanding upon conditiona impoead, hara baan raportad.    Rata and 
aanaitlvity dapand on AN partiole aisa, dansity, oonfinaaant and charga di- 
«Mtar. 

b. Dua to tha aotion of haat alona gas phaaa axploaiona hara baan 
notad at 2600C and abova. 

o.   Certain inorganic contaainanta,  in aaall amount oan oauaa AN to 
dacoapoa« axplosiyaly in tha range 200-3000C, while certain aotlTa organlo 
oontaainanta, e.g. reaina, ataroh, sugar, react with neutral AH with oon- 
ooaitant charring and gaaaing.   Moist zino duat and AN will explode, while 
in the presence of phosphoric acid, at 300C, aizturea of AN and organic 
ooabuatiblea nay ignite spontaneously, or explode at eleTated taaparaturaa. 

d.    At soae point abore 120°? (probably the US0? transition 
taoperatura) AN ia far eaaier to explode than below thia teaperature.    Mollen 
AN can be exploded by booatering in spite of ita relatiraly high density 
1.4 gm/cc. 
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U-33C30 July   i9U: ■ICAt'NNV   ARSEI^L Ot»DNANCt  DEPARTMENT 

6" x  11" Test  Üor.h,   5/lb" Wall,   Used for Heating, Teats m 

LU I 



Dented i/H" St«*»!   Plate and Supports  After Test 

Jaformed Supporting  bomb A  After Tost 

li   33030/1 July    19i*7 PICATINNY ARSENAL ORDNANCE DEPARTMENT 

Craterint; Jiffect of Charge of Fertilizer Nitrate and 
 Ba^inc with CO / N2Ü Gaaes (7) 

UJ I 



•33260 April  19U7 PICATINNY ARSKNAL ONONANCK DEPARTMCNT 

Nitrate Fertilizer Sonaltlvlty Tost 
Container, Showing Oajaage 

(Loaded with Approx,   100 Lbs. Nitrate Fertiliser and Bagging) 
Test No.  1 P,Ä.T.S.  Data Book No.  2246 iH 

/VA    VW» lir*!--  • ■* wa 
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1^-33502 June 19i»7 PICATINNV AUSBNAL ORDNANCE DEPARTMENT 

Bomb and Cap 
After Bxploaion of 27 June 19Uf      Top View HI 



•33503 June m? PICATINNY  ARSENAL 

Boob and Cap 
After Lxploslon of 27 June 1947 - Side View 

ORDNANCC DEPARTMENT 
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11*33503/1 July   1947 PICATINNY ARSKNAL ORDNANCK DKrARTMCNT 

Bonb Aft«r Explosion of 2 July 1947 
  HL 
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lt-33503/2 July   19i*7 PICATINNY  ARSENAL ORDNANCE DEPARTMENT 

Bomb After Expxosion of 3 July 19^7 
(T) 
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14-33503/3 July   191*7 PICATINNY AHSKNAL OHDNANCK DCPARTMKNT 

2o^n x 36" T«8t Bonb, 1/8" Wall, Equipped for Electric»! Heating 
ill 


