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THE MELTING BEHAVIOR OF TNT
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ABSTRACT: Results of a dilatometric ‘study of TNT ‘have:
shown that considerable amounts of ligquid TNT can exist at
- temperatures below the melting point. At 75°C,. two samples -
_ of Grade I TNT showed 5.2% and 7.4% liquid TNT. A purified
sample of INT showed no 11qu1d at the same temnerature. -
Oover the vange of 5G° to 64°C the’ lineﬁr and cubical , ;
| expansion 2 TNT was found to be 1.0l x 10 °C and o 7
" .3, 0} x 10~ /°c, respectivexy. "

: A discontinuitj in the data was observed between 64°' ' P
and 65°C, which was ascribed to a solid-solid phase o
transition. iL | N

i “ ‘l
" A theoretical discuseian 18 given of the predictcd
melting behavior of TNT ;Y;n
{
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. i
{ o i

CHEMISTRY RESEARCH DE?ARTMENT }
U, S. NAVAL ORDNANCE LABORATORY
~ WHITE oaﬂ, SILVER SPRING, MARYLAND

I

j CONFI NTIAL




CONFIDENTIAL

{

!
il

NAVORD Report 6 Jlt6 ~ 23 January 1959
r.‘ i ’ 2

—_— - uu.-—;vyv::v ~dssor .uvn -the—meiting ofTNT wnder- conditions

" - of elevated tempiratur¢ storage but considerably below the
recognized melting polirit, The Anformatiocn shouwld be helpful .
in establishing cuality -standards as well as MAX Lwon allo'ablc
atorage te;peratures rar TNT loaded weapana. s

This work was perroneed under 'mék Noa 1-664/&5@06/08_,,

| o
S )

o 'MELL A, PETERSON
v S Captain, USN
o Comaander
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THE MELTING BEHAVIOR OF TNT
INTRODUCTION

For several years there has been concern over tha for=-
mation of liquid TNT durlng long-term storage of TNT loaded
weapons, Following World War I, liquid TNT often was
observed exuding from stored warheads. Such liquid resulted
from low melting eutectics of the alpha TNT with impurities
consisting of largely beta snd gamma TNT, as well as . 2,i-
dinitrotoluene, ‘Tho amount of liquid exudate was a func lon
ef several wvariables including nature of the ;ﬁpﬁrit;ea, their
amounts and the etorage condit ona. ‘

Wt at ot . @28 S s S [Ty QUNYY AN msond SVA man B D o B S i o B

Eiivry vvvmwnvn in munuuu v‘u'.ux& and PUTLITLCE&TLON M VeLUpTU
prior to World War 1XI have lea s a military grade of TNT of
higher gquality; designated as Grade I. In spite of the
inproved quaiity, there have been reports of TNT exuaation
from shells (1) and mines (2j. -

Exudation may produce a cavity in the losded weapon,
which is perhaps the major objection te 1t. If the cavity 1is
under the booster, the charge may fail to detonate. Grain
growth and lack of dimensional stability are more subtle un-
desirable changes resulting fron liquid formation in TNT
castings. ,

Qusstions have arisen from time to time as to the prob-
ability of exudate formation in TNT or 'NT based munitions
under conditions of elevated temperature storage. 1In order’
to bétter answer these queations, & atudy has been made of -
the melting behavior of TNT.

A8 there is a relatively 1arge volume ‘changs during the

'3011d to liquid transition, a dilatometric method was used

to atudy progressive volune. changes occurring in the sample
as a8 function of tenperature. The dilatometric teckinique
was found to he satisfactory, as reported’ herein.

" RESULTS AND DISCUSSION

Data in the form of curves are given in Figures 1, 2, .
3.and 4 in whic¢h capillary height in the dilatomeater ia . = _
plotted as a function of temperature. ‘Changes in the capil-
lary height are produced by the cumulative effects of water,
sample and glass expansion, At the lower end of the curve
it 1s assumed that no liquid TNT 18 present in the dilatometer,

o . ;-" | . B ,
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The amount of ligquid TNT calculated to be present in
each of the four samples in the dilatometors as a function
of temperature is given in Table I below. In order to
calculate the values in this table it 1s nesessary to esti-
mate the position on the curve where the slope 18 beginning
to increase, Liquid in the fomposition B sample hud to ba
determinad graphlcally owing to absenco of data on: the theml
expansion of aolid RDX . ‘ e
{i

TABLE I ;
PERCENT LIQUID IN TNT
o , Sarpie b
Temperature, ~Granular  Flake “Oranular Cciip. B
C . Production _Production Purified Proqﬁxcticm ‘

7o.o 0.3 - o046 . nu ‘o 2
 73.9. (165°F) 2,9 4,2 nil : 2 7
75.0 5.2 T e 16 8

The perceniages or .quuid shown in Tabl«a I do not
include some additional iliquid kriown to exist in production
grade THhT at temperatures far below those shown. Exudation
has been observed in TNT and Composition B loaded shells
stored at 65°C for five months (3). ertainly a smalil amount
of 11quid exists in a TNT casting above 44,4°C, the ternary
R By TNT eutectic melting pointn? Infrared spectiophoto-
metric analyses of TNT exudate (l) " collacted from séveral -
90 mm shella loaded with Grade I TNT stored only four days
at T1°C, showed that the ’exudate consisted chiefly of'e\TNT
with the following average percentages of impurities; :

g TNT, 3.1%; ¥ TNT, 6.1% and 2, 4-dinitrotqluene, 5.1%, The
ratic of the v ¢o the g 1soner is close to that found in the

=L By TNT +emary eutectic composition. = s

Table II below shows the amount of ‘11q1.i1d TNT calculated

to be present in a cast charge at several temperatures at two ,

ievels of impurity, 0.5% and 1.0%., It is assumed that the
1mpur1ty consists of P and ¥ TNT in the same ratio as present
in the tarmary sulectic compusition \» j. Finnie and Rowson
(5) have determined the purity of oné¢ sample of service grade
TNT of U.. S. origin and found it to be 99.4% pure., Thus,

the values shown in Table II are believed to be a realiatic
1eve1 of liquid possible in a caat charge,

,.!

N 2
\ {{ONFTDENTIAL"
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TABLE II

PERCENT LIQUID TNT IN A CAST
 CHARGE CONTAINIRG BETA AND GAHHA TNT

444
60.0

65.0
70.0

Tbugerature, °c.

. Total B and } INT
0. ‘ ,

‘ 2.72

0088 " 10 7

L 2k
82 5,64
N

The granular purified TNT, Table 1, showed no liquid

formation at 75°C based on the dilatometric measurements.

Although the sample must contdin sowe small amount of impurity,
it could not be detected by the method used.

The difference

between the purified sample and the two production samples,
Table I, shows cloarly the effect of purity on 1iquﬂd for-

=8 -

mavion ;n vhe range of TO® to 75%C.-

NO preciae naxinnn allowable temperature can be given :
for the storage of TNT loaded weapons, because the amount of

liquid that will form in a cast charge is also a function of

‘present,

. other variables such as the type and. quantity cf impurities
However, the results reportad herein, as well as
the work of other investigators auggest that 65°C is close to
the maximum storage temperature for production quality TNT 1r

signiricant quantitios of liquid are to be avnid-d

Over the range of temperatures where no melting was
dotected, our measurements allow a calculation of the coeffi-
~cient, linear and cubical expansion of TNT, Table III, The

values for the linear coefficient of expansion represent the

Edbank and Van Dolah’

average expanaion alon%
)

linear expansion along each of the three crystallographic axes.
They did not report a value for the cubical expansion of TNT,
The calculated value,

zhe three crystallographic directions,

have measured the coefficient of

but this cﬁn be calculated readily,

2.78 = 1077 per °C, 18 in reasonably good agreement with our
The Neval Ordnance Test Station measurements covered

datea.

e temperature range of about 25 to 75°.

3 :
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TABLE III
COEFFICIENT OF THERHAL EXPANSIUN OF TNT .

| | NOL ~ XNors
Average Linear (50 ~ 64°C) 1,00 x 10~ ‘/‘ »

R : 1,02 x 10-4
Cubical (50 - 64°¢) 3,01 x 10°%/9¢ 2.78 10-4 #»

2,05 x'IO'“

- *  Reported for the three erystallographic axes

* Calculated value :
ueveral literature values of the linear expansion of

TNT are given in a report prepared by the Armour Research

Foundation (7). There is gross disagreement ajmong the values,

The very high values may result ‘from the solubility of air

Cin TNT (8), or inclusions of trapped gas within -a large charge.

Results have been PupOPtﬂd on the denaity of TNT at
25°C prepared from an air-free melt, Small air-free TNT
castings at 25°C have an average density of 1.6 (8&
difference between 1,630 and the crystal density, 54, repre-
sents,the, ‘voids produced as a result of ahrinkage'of the solid

" TNT as i¥ acools. It 418 nob possible, except under the most

ideal conditions, to obtain a TNI density at 25°¢ cwgreater
than 1, 637 by a casting technique. This calculated value,
1.u37,fds based on a crystel denslhy 1,654, a caefficient
of cubical expansion of 3,03 x 10=% per 'c and the absence

J of a,yrecxaox- supercocling during crystallization.

‘We - Obﬁerved ‘a8 dis¢ontinuity in our dilatometrié measure-.
ments between 5S4 and 65°C. It is believed that the ¢ paerved
inflection renults from a solid-solid polymorphic tx mition.
Similarly, Eubank and Van Dolah (6) observed an infl&ction in
their/expansion curves near 64°C and ascriied this t& a poly-
morphic tranaition. They attempted to cont'irm this tpansition
by accurate calorimetric measurements but were unsuccesaful,

‘A% least three crystalline modifications of TNT have hesn

reported (9), although the stability ranges and the 1ﬂtor-
rr'elationshin of the three forma are nnf Lo

vy
A s

: _ )
o 4 S IR )
N CQMJENPAL ;
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" THEORETICAL CONSIDERATIONS

- The thermodynamic predictlon of the behavior of Grade I
INT is considerably simplified because the impurities present
are aimost entirely the isomers 2,3, 4-trinitrotoluene, beta
TNT; 2,4,5-trinitrotoluene, gamma TNT; and 2,4-dinitrotoluene,
(1), typically present in about the ratio 1: ? 2. _These pub-
stances are ao similar to TNT that only small error seems
possible in considering their mutual solutions with each
other and with TNT to be ideal. For this to be true over
large concentration ranges, ti.2 escaping tendency of a
stoleculs’of alpha or ordinary TNT must be the same whor 1t is
surroundﬁd by say,beta TNT,as when 1t 18 surrounded in the
liquid by its own kind of moleculns. Thia ia a rigorous
requirement, as it has as a ‘consequence {(10) thre no volume
change Occurs on mixing the liquid, or fused componants, that
they aﬁe miscible in all proportions, that tlere is no heat

of mixﬂng of. the 1iquld or fused componentﬂ, and that 1f one

or more of the components ars quo,., tho- Geat of mixing €O
form- the solution is Just the abaobption af endugh heat to
melt the solids., Thus, partielly miscible liquids or those

-avolv*ng heat on mixing cannot possibly rorm ideal uolutionm

4Two-momponent _Ideal %olutions ' s f

i
i
; i

k!(Jonszl.dez'a.ble inslght ‘into the phenomena involved in

/fusidn phondmena can be acquired throuszh examination of the
;’eimplest possible condensed phase solution, a two-component

idegl solution in which the liquids are miscible but the
agiﬁds mutually insoluble, The relations.are particularly
le when concentrations are expreased in mole fractiona,
‘K/ number of moles . ox A ‘ “ete
A~ number of’ molea of A + number of moles o? y ‘

"
%h our case; NA +Nps= 1l; In three component systems
+ Ng + NC = 1, ete, ' =

In a saturated ideal solution of solld A in liquid B, .

V the escaping tendency of A in the liquid and the solid must

be the same. Thls has as a consequence (10)

-~
|l
~—

d1n N = 4 Hy a4
din Ng ar;
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v 2re Np is the mole fraction of the solid A in the solution,
A HA is the heat absorbed on melting one mole of A at its
melting point Tj, R i8 the gaos constant and T is the absolute
temperature. Since when Na = 1, the solution is pure A and
and melts at Tp, we can in tegrate equation (1) between the
limits My = 1, T = Ty and Ny = Np, T = T. This results in
the remarkable rclation -1n Np = 4HA TA - T , or, inserting
R =~ TaT
the value of R in calories per degree and charging to common:
logarithnms,

~ iog Np = (8Hp/B.515) (TA‘ - T)/TaT. (2)

The remarkable fegture of equation {2) ias that it con
tains only the properties of A, The solubility of A a8t &
gilven temperature depcnda only on the heat of fusion of A and
1s the same in all sclvents so long as the sclubtion is idesal,
Note that the solubility is greater at higher temperatures, !

One important applicatién ¢f equation (2) can be made at
once, At the melting point, the temperature at which the
last crystal of TNT has Just disappeared in the melt, the

‘solution 18 saturated with TNT, as 1t 19 in equilibrium with -

the soiid., If this melting jpoint is lower than that for pure
TNT, 80.90°C (5) or 354,06°A, not only is it known that the

. TNT is not pure, but the mole fraction of the impurity has

been measured, and, with ore further fact discussed below, the

"proportion of liquid is known at all temperaturea.

So far the heat of fusion has been supposed to be inde-
penden of the temperature, It can be readily shcwn (10) that
déH/AT = ACp, where ACp 1s the difference of the heat =*’u; vy
at constant pressure of. the liguid and the isolid, Since the

'iiquid melt has a larger heat capacity than the solid, ACy is

positive, and the heat of fusion decreases as the tempera ure
is lowered. This correction is generally simall, as A :
ugually near 13 calories per mole per degree, but is rathe‘
8,63 calories per mole for TN, ¥hen 1t must be used, as
when the temperature is. more than a few degrees below the
melting point, equation (2) becomes

S’

-
* L)

'L

-log Na = 4 Hy Tp - T ~ ACp 'I‘_a_—-”'! - AC; log Ty
- 35T T _3-5-@ T - 1.587 ’I"‘

6 - - L ” f
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Eutectics

The other constltuent, or constituents in a multicom-
ponent solution, bshaves in exactly the zame way. The
solution can be regarded as a solution ¢f B in A just as
¥éll as A in B. If the heat of fusion,. ACp and melting
témpurature of B 1s used in equation (3), ghe result is the
solubility of B as a function of tempermture. Jf a two-
component solution 1s cooled, a temperature will be reached
at which one constituent, B or A, will crystallize out,
depending on the proportlons of A and B in the original mix-
ture, - This process cannot continue indefinitely, as if B
vcrystallizea out, on further cooling the 11 d portion

- DECOmEBs WMOTe and mors UUlibv!idl»atv": in A, until 1t finally

becomes gaturated., The liquid thus ig saturated with both
somponents, and they crystallize out togethrr, The temper-
dture and composition at which this occurs 1is the eutectic
temperature and composition. Inian ideal solution,; no liquid
phase can exist below the eutectic temperature. At the
eusectic temperature all of one br the other component melts
with enough of the other to make a liquid of the eutectic ‘
composition. Further rise in temperature causes solutlion of .
the component present in greater piroportion than in the
eutectic, until, at some temperature below its melting point,
4t 18 all dissolved in the liquid. ~

Thus;, in a casting of 1lmpure TNT, no liquid forms until
the temperature is attained, at which the eutectic formed by
“the impurities with the TNT melts, Thia eutectic temperature
18 the one further fact needed to define the melting behavior
- gompletely, Figure 5 iliustrates this behavior for 1mpur1t1es
producing a eutectic melting at 46°C, about that found &
* Grade I TNT, Figure 5 is the ideal solubility of TNT as a
function of temperature, plotted from the data of Table IV,
calculated using 5,075 calories per mole for the heat of
‘ “ﬁaien of TNT (5) and ACp 8.63 calories per mole (11).

T ‘ CONFIDENTIAL
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TABLE IV

THE IDEAL SOLUSBILITY OF TNT

’G-ﬁble Fraction
 100.00
99.54
98.65
97.97 |
97.31

8
CONFIDENTIAL

90,42
95.74

94,22

88.34
82, 40
76.36

' 70.03

64.11
57.32
51.11
45.45
ho.13
35.67
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- EXPERIMENTAL

Diiatometers

™he dilﬂtcmeters ware huuuuldctca as shown in Figure b
using a sapple tube of about 3 cc capacity. Capillaries -

‘were tested for unifcrmity of bore and thelr volumes per

unit length were determined by calibration with mercury.

- Reference marks w¢re sandblasted on the 1 mm capillary

tubing uged for the dilatometers. "After the volume of the
dilatometer had Jeen measured, an accurately weighed sample
of abocut 2.5 g of explosive was added to the oample ‘tuve,
The 12/18 standird tapered joint wes scaled with a thin fiim
of Scolchcast Fesin No. 2 and allowed to cure for at least

twenty-{our hours, Distilled water was added to Uhe ailato-

ueter by means of a three-way stopcock after evacuation for
about an hour with a Megavac pump. A Burgess’ "vibro-tool"

- proved helpful inulooaening the sample particles for easy.

removal of trapped air, After adjusting the height of the
water, the caplllsz 7y was sealud. Overall length of the
dilatometer was about fourteen inches.

Procedure

The dilatometers were held vigidly in a metal rack and
completely immersed in a constant temperature bath held to
within 0.02°C, No readings were taken at the starting
temperature (about 50°C) until the dilatcmeters had been

immerged for 48 hours to insure solubility equilibrium.

The liguid level was measured with a Gaertner 100 mm

micrometer slide cathetometer. Further readings wern talten

&t 2 to 3°C intervals until shout 65°C, Abv'.'e tha
L mperafuro 1ntervai was reduced to about 1°C or iess. :
Samgles ﬁ

Purified TNT. ‘his sample was obtained from

"R. W. Van Dolah of the Naval Ordnance Test Station, China

Lake, California, No data wag supplied with respect to the
mole percent impurity estimated in the sample.,

Granular . TNI, Grade I, manuracturer unknown.
" Flake TNT, grade I, Kbystone Ordnance WOrks.
Comp B, Production Gra.je, Hblston Ordnance Works.

9
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OF TEMPERATURE FOR IMPURE TNT
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