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1 

The melting and decomposition behavior of various RDX-HMX mixtures w-as 

studied by DTA (the HXIX apparently existed in the &polymorphic form during the 

physical and chemical changes which occurred)_ Non-cyciic heatins programs 

(thermodynamically unstable states esisted) and cyclic heatins and cooling prosrams 

(HiCiH-) (thermodynamically stable states csisted) were cmpioyed. Data from those 

programs indicated that solid solutions of RDX-HhlX occurred in the composition 

ranse of ca. 55433 wt ‘5 RDX. Thus. below this lower Iimit. HXlX separated from the 

misture while above the upper limit. RDX separated_ From the v-an-t Hoff freezin_e 

point reiation for eutectic equilibria, the heat of fusion of RDX (AH:) was estimated 
as ca_ 33 cat g- I_ 

When a cycIic run was carried out for a mixture containing less than 55 wt 

O/b RDX. a single endotherm resulted (.presumabIy. meltine of a 55 wt 9/o solid 

solution) followed by two stron_g esotherms. The first esotherm was attributed to 

decomposition of the 55 vvt % solid solution while the second to HMX decomposition_ 

Upon subjectin, = an RDX-HMX mixture containing more than 83 \vt 76 RDX to a 

H/C/H program, two endotherms appeared foIIovved by a sin@e strong esotherm. 

The endotherms were ascribed to melting of an 53 wt o;b solid solution and of RDX, 

respectively- The strong exotherm was attributed to concurrent decomposition of 

RDX and the 83 wt % solid soIution (-no HMX esotherm could be detected). When 

mistures containing ca. 55-S wt ‘3’0 RDX underwent <y-cIica1 prosrams, onIy one 

endotherm and only one exotherm couId be observed. The endotherm resulted 

presumably from melting of a solid solution whereas. the exotherm from decom- 

position of the solid soIution_ 
From the data obtained. approsimate phase diagrams were constructed for the 

meItin2 and decomposition of RDX-HMX mixtures based upon cyclic and non-cyclic 

programs. 

IKl-RODUCTIOS 

In the course of investigating compatibility of highly energetic materials. e.g.. 

RDX and HMX, with various poIy.mers by DTA, the decomposition activation 
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aerg>- (E) of an admisture of RDX and HMS W;IS estimated’. It was found that the 

value of Eof neat RDX dropped from SO to 66 kca! mole- * upon admixing RDX \\-ith 

!-!>l_X (52 \vt % RDX: c/- runs RDX-I. IB. and 13 in ref. I). Subsequently. other 

mixtures of RDX and HMX in var?_inS proportions were studied by DTA DTA has 

been utilized in the past to determine phase di;iSrams of various mistures’-3. 

The purpose of this paper is to report on the meltin? and decomposition 

beha\-ior of vrtrious RDX-H>IX mistures by D-T.%. To the best of the author’s 

knowledge. there is relative!_\- IittIc information ~vai!ab!c on this subject in t!te 

!iter;ltureZ_ Further work \vou!d be dekable in this ;1re;l utilizing X-ray and hot stage 

microscop_v techniques. For this reason. this report should not be considered ;IS final. 

ENPERIMEXT.-\L 

CJ-clotrimeth-Iene trinitraminc (RDX) wxs rccqstrl!!ized from acetone and 

T-but>-ro!xtone_ m-p_ (onset) = 203 -C (the RDX used \v;1s obtained through the 

courtesy of J_ R_ XuteS): cyc!otetrameth>-Icne tetranitrrlmint (HMX). /Lpn!ymorph. 

was extracted with eth>-Iene dich!orIde and recq-stallized several times from acetone 
(courtesy of J. R. Autcra). 

Other materirlls used \vere: tin. icdium. and zinc standards (duPont. DTX gride. 

for caiibr:ltion purposes). and aIuminum aside. 

.A DuPont 900 DifKxenti:l! TI~crnma! .-\na!_\-zer was employed xvith ;I heatin? block 

which accommodated I mm capillaries. 

From 0. I to 4_ I rns RDX wre mixed LX ith from 0.2 to 5.0 rnz H XIX. and I7 to 

22 rnz alumina were placed above the ndmisrure (mixture compositions varied from 

9 to 95 w ?G RDX). A Chrome!-Alurns! thermocouple tip was inserted into the 

aclmistures and ca_ 19 rns alumina was used as the reference materizl!. The atmosphere 
surroundins the sample was still air. a heatins rate of 6 -Cimin \v;1s employed 
throughout. and rtdmisins ws accomplished usin, - a tine metal \vire. Thermograms 
were also obtained on neat RDX and neat HXIX. 

Besides heating progams. RDX-H%l_X mistures (and the neat materials) were 

subjected to heating. cooling. rind reheatins c_vc!es (H..C: 2~). Thus. ~enera!!y_ an 

admisture wzs heated to CCL 200-202 -C and maintained at this temperature range for 

CU_ IO min. The misture w;1s then air-cooled at ;1 rate of ca. 4-5 ‘Clmin. to ca. I IO ‘C 

and the misture subsequentiy reheated to complete decomposition. 

Thermocouple temperatures were crllibctted in the temperature range of interest 

bj- usins tin and indium standards. Further. these standards (a!on_e with zinc and 

benzoic acid) were employed to calibrate thermogram areas in terms of crtIoric units 
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in order to obtain semi-quantitative estimates of thermal heats of decomposition 

(Al-I,,,) and heats of fusicn (AH,)_ 
It may be apropos here to note that trace amounts of impurities in such highI> 

energetic materials as RDX and H%IX ~UU_S have pronounced cfkcts on their dc- 

composition behavior * _ Further. physica chanses may be dependent upon rate of 

heatin_r’ (h c.x mg rate. therefore. was maintained constant throughout this study). - t- 

As prcviousfy indicated. neat RDX commences to melt at a~. 203 C and the 

melting is apparently over at ca. 210 C ((IJI Table f )_ Soon thereafter ;I strong eso- 

thermic peak commences denotin g RDX decomposition- This csotherm is o\-er at 

a Hcatcd to cu. 200 C and maintained at this rcmpcrature cu. 10 min. then air-ccolcd to a. I10 C. 

and tinall~- rchratcd :o compictc decomposition. 

ea. 235 -C. (As prcviousfy indicrltcd. still air and ;1 heating rate of 4 Clmin were 

employed throughout the DTA runs)_ In the c;1se of neat HXIX. II small endotherm 

commences to appear at ca_ f 90 -C and is over at ea. 191 C. Thereafter. at cu. 25 I -C. 

a strong esotherm occurs. signifying H&1X decomposition_ Under zhe esperimental 

TABLE Z 

TRASSITIOS ASD DECO~lPOSlTIOS TEXIPERATURES OF NEAT /&H\iX BY DTA 

heat IS8 

heat 189 ?SI 

heat IS9 3SO 

heat IS9 281 

H. C;H’ 190h 30 

= Heated to cu. 200 C nnd maintained zt this temperature ca. 10 min. air-cookd to ct;. I30 C. and 

reheated to decomposition. h Upon reheating ample SI?CF anncalinr__ thr transition cn3othcrm could 

no longer be dctccted. 



conditions ussd. this exotherm is o\-er nt ca_ 255 ‘C. The small endotherm besinning 

at 190 -C is reportedly a transition from the !I- to the &pofymorph of HMX (cl_ 

Table 2)_ Thus. the b-H&1X is the pofymorphic form ivhich is essentially inv,lved in 

this invesri,oation_ In this connection, it may be remarked that the various polymorphs 

of HMX possess difierent physical and chemical properties6 so that the mefting and 

decomposition khavior of RDX-HXIX mixtures undoubtedfy depends upon the 

IiMX form present in contact \vith the RDX during the physical and chemical 

chanses which occur_ 

For a11 mixtures of RDX-HllX investi@ed, using a heatir.g program only. ~1 

relatively farse endotherm was obtained which commenced at ea. ISS-IS9 -C. That 

this initia! endotherm was a result of the polymorphic transition of HMX was 

obviated in the foiiowin_e manner. Neat HblX was heated to a temperature beyond its 

transition endotherm and the temperature \\i;ls maintained (ZOO-202’C) for cu. 7 min 

after which the sampfe was air-cooled to m. 130 C and then reheated to decom- 

position_ Upon reheating_ no transition endotherm could be detected (the &form is 

appxentfy very stable under the conditions employed). Another run 1~~1s then carried 

out in which neat HXIX was again maintained at a temperature bebcond its transition 

endotherm: however. after cooling to ca. 120 -C, RDX w;1s added to the HMX (_duc 

to convenience of sample manipulation. this pnrticufx run N-LEG carried out using 

DSC). Upon reheating. ; m endotherm commenced at ca. 19O’C (this endotherm of the 

mixture wxs markedly pronounced as compared \vith that for the neat H&1X). These 

and other results (which \viff be given subsequentfv) su,= -<Tested that \vhen mistures of 

RDX and H>l_X were heated. a metastabfe solid solution resulted Lvhich commenced 

mefting at ccl_ I90 C. That this fatter temperature resulted from a metastabfe condition 

could be demonstrated as follows. Various mixttires of RDX and HMX were prepared 

and subjected to a H_C;-H cyclic progam. Dependins upon composition. \-arious 

endotherm5 were obtained Lshose initial meltins temperatures varied from ccz. 166 to 

IS5 C and whose finaf mefting temperatures \-aried from ea. 174 to co. 199’C. These 

cyclic runs indicated that below ca. 55 nt ?A RDX. the Ena1 melting temperatures did 

not drop befow ca. 174 -C. Thus_ it appeared that ;1 sofid solution of 55 wt O,i RDX 

composition resulted as more and more HhlX w;1s added to RDX. When more than 

45 wt ?‘o H&IX was added. a saturated solid solution resulted and excess HMX 

separated out. Upon subjecting such a misture to a H!;CiH cycle, a final meltins point 

of ca. I75 -C s-z artained followed by 3 strong exotherm (presumably. decomposition 

oi the 55 WE ?b solid sofution) and another final esotherm correspondins to HXlX 

decomposition (c-l. Fig_ IX). In ;i simifar manner. cyzfic runs were empfoved to 

ascertain that above ca_ S3 KL ?b RDX. the final melting temperatures did not exceed 

CLI. 199-C (c- Table 3. RDX-3s). Thus. it appeared that 3 solid solution of ca. SO wt 

40 RDX formed 3s more and more RDX \vas added to HMX. When more than 

53 wt ?b was added a saturated sofid solution resulted and escess RDX separated out_ 
Upon subjectins such ;1 mixture to ;1 H;-C.‘H cycfe, 3 final melting point of ca 197- 

199 ‘C was attained followed by an endotherm commencing at ca. 202’C (presumably 

the mefting of the escess RDX) and endins at 209 C which in turn was followed by a 
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TABLE 3 

?rfELTING AND DECOMPOSITION OF VARIOUS RDX-HhlX MIXTURES IS 
STILL AIR 

RDX 

Rrrn 

110. 

Hcuring RD.%- 

prop-am Out? 

H.lfX 

Ortt? 

13 S’ 

1-t 55 
15 s9 

16 5’ 
17 3’ 
IS 5’ 

19 58 

20 55 

21 S3 

27 3Y 

23 70 

Zf 50.5 

36 69 

27 >S 

‘S SO.5 

29 71.5 
30 61.5 

31c 66.5 

31C’ 63 

3’ 32 

35 ss 

36 35 

38 95.5 

39 9 

heat 

heat 
heat 
heat 
heat 
H T’H’ 
heat 
Ii .‘C,‘H 
H ‘C.~H,‘C;H 
H.‘C; H 
heat 
H;C,‘H 
heat 
heat 
H ‘C.‘H 
HjC.H 
heat 
H:C:H 
H:.C;H.‘C.‘H 
heat 
H:C_‘H 
H.-C ‘H 
H,‘C;H 
H:C.‘H 

SI. 

SI. 

_\-CS 

yes 
_VCS 

no 
no 
no 

SI. 

no 
no 
no 
no 
SI. 
Sl. 

no 
no 
no 
no 
ges 
yes 
no 
VPS 

no 

no 
yes 

no 
YCS 

>-CX 

x-c5 

SI. 

no 
SI. 
yes 
no 
no 
no 
Sl. 

no 
no 
SI. 
no 
Sl. 

>-CS 

no 
VCS 

no 
VCS 

188-196 
ISS-I96 
IS9-196 
IS%196 
15x-195 
1x9 
189-196 
190 
IS9 
190 
199-197 
IS9 
190-19-i 
190-196 
190 
IS9 
IS9-196 

IS9 

IS9 

IS9-195 

IS9 

IS9 

190 

IS9 

135 

197 

195 
17-l 

ISS 

195 
190 

IS7 

IS5 

197 

171 

199 

175 

a See Esperimental. 

strong esotherm which began almost immediately after the end of the endotherm. 

This esotherm was o\-er at CU. 250 -C and is presumably due to the concurrent 

decomposition of RDX and sn 83 w-t Y/c solid solution of RDX-HMX. xo HMX 

exotherm could be detected up to a temperature of ca. 295 C (cl: Fig. 1 Bj. 

From the preceding. it would appear that between RDX compositions of 

ca. 55-53 wt 7% solid solutions should result. To check this. various heating cycles 

were carried out in which such compositions were employed. These runs as well as 

various others are Iistcd in Table 3_ From this table it can be seen that for 70.5 wt 

7’0 RDX (cf. RDX-24, a cyclic run), a meltins endotherm \vith a final melting 

temperature of ISS’C \vzs attained. Thereafter, no RDX melting endotherm \vas 

observed; a strong esotherm commenced at ea. 202 -C and was over at ca. 239’C 
This strong esotherm apparentI_ invoIved the decomposition of a solid soiution 

consisting of 70.5 wt %I RDX: no HMX exorherm could be obsen_ed (cf- Fig. 2Aj. 
Since no RDX melting endotherrn or HMX decomposition esotherm was observed in 



KDX-23. Table 3 indicates that no RDX or H\IX sepxrrlted out of the solid solution 

for this run_ In this connection_ it can be seen from Table 3 that no RDX or H&IX 

separated out duriry c_vcIic runs tvhen RDX compositions of SO.5 wt O,b (cf- RDX-ZS) 

or 63 w-f % (cf RDX-31C’) also were employed. Thus. it is apparent that soiid 

solutions of RDX-HMX result in the RDX composition range of ca_ 55-53 \vt >L_ 

Besides cyclic runs. \-arious non-cyclic progams were carried out xvhich tend to 

corroborate the results obtained for the cyclic runs. Thus. when an RDX composition 

of 70 wt 95 WLIS used (cf- RDX-23. Table 3) in a heating only progammed run. no 

RDX or HIL-IX separated out_ Similar :esuIts were obtained for RDX compositions of 

55 (r/- RDX-19.27). 625 (~5 RDX-3(:). and S2 \vt 4’0 (cJ RDX-13). In these non-cyclic 

runs. the meltins point rrmze \-xied from ca. ISS-197-C. indicatirg that initIaIIy a 

metastable solid solution of ca. S3 wt 94 RDX formed. Presumably after the melting 

phase, a more thermodynamicaliy stabIs solid solution formed so that in the RDX 

composition range of ca. 55-53 wt O,‘o_ no RDX or HMX separated out on subsequent 

heating (c/- Fig. 2B and Table 3’). However. for RDX compositions outside of this 

rzn~e. it w;ts observed that RDX and.:or HhlX separated out for both cyclic and 
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Fig. 2. CA) DTA tract of :inal heating stage ofcyzIica1 run RDS-24: (BJ DTX trrlcc of hcrttingoni_r 
run RDX-33. 

non-cyclic runs. Thus. for the non-cyciic programmed runs. when the percentage of 

R DX varied from 22 to 52 (c$ R DX- 16. I7 _ 32) both RDX and HXlX separated. This 

may be ascribed to the formation cf thermod_vnamicaIIy unstable solid solutions. Thus, 

whereas in RDX-32. a non-cyclic run. an RDX composition of 22 \vt Sb resulted in 

the separation of both RDX and HMX. a cyclic run (RDX-36) in xvhich 25 \\-t % 

RDX \vas used afforded onIy the separation of H%lX. as anticipated_ Similar results 

can be observed from a comparison of runs RDX-I6 and IS wherein 52 xi-t “/o RDX 

was employzd. When the RDX composition ~-as considerably above ca. 83 wt o/6 

(cf- RDX-I 5. 35. 3s). only RDX separated out for either a q-clic or non-q-clic run. as 

anticipated (due to esperimental limitations_ the RDX content in mixtures was 

restricted to 9-95 wt D/a). 

Based upon the precedin,. * it can be seen that at RDX contents of ca. 55-83 \vt 

O/b, there exist (.during melting or solidification) two components coexisting in two 

phases at constant atmospheric pressure. From the reduced phase rule’ we bee that 

such a system is univariant ( T/- = 2 - 2 t I = I j_ An analytica expression of univariance 

in a simple euteciic interaction is the \-an-t Hoff freezing point relation for eutectic 



equilibria 

Ishere. AHI = standard molar enthalpy of fusion: T.i = freezing (or melting) point of 

species A at 1 atm tot:11 pressure: iYA = mote fraction of A in a mixture of A and B: 

T- freezing point of ;t mixture of X and B: and. R = gas constant. In evaluating 

311.: in eqn (I ). x-~11ues of Tand i-i were used correspondins to the final melting points 

in cyciical runs cc/- Table 3) (final rather than initial melting points were employed 

since. in ~encrrtl_ the former were much easier to estimate than the Iatter). From a pfot 

of -In it’;\ versus reciprocal temperature (cf- Fig. 3). ;1 \-alue of AH: z 33 cal g- I 

s ___;-- _ __ -__ 
2-s 2-2 2:c 276 2:8 222 

:.!7 J( + -OK-: 

Fig. 3. Plot of -In XA ~crsus reciprocal tenipcrature. 

xas calculated for RDX. This value is in good agreement with values previously 

reported I _ ix_. 30 and 33 cal g- I (Rogers; has indicated that a value of 35 ca1 g- I 

has been reported for RDX). Further. utilizing a value of T= 174’C (c/- RDX-22.36), 

she Iowzr value of the masimum so!ubiIity of HMX in RDX was calculated as cu. 

4s wt o;O HMX: whereas. using a vaIue of T= I97 ‘C (cf- RDX-20.35). an upper value 

of the maximum solubility of RDX in HRIX was estimated as ca_ 53 wt % RDX. 

These values zgree surprisingly well with experimental values. From values of the slope 
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and intercept obtained from the plot of Fi,a_ 3, Ti z207’C (espt., 205-210 C)_ It may 

also be mentioned here that the lower and upper Iimits of HMX and RDX solubihty 

were occasionally checked in non-cyclic runs by emp!oying neat RDX melting 

endotherm areas and neat HMX decomposition areas to estimate quantities of RDX 

and HMX. respectiveIy, which had separated out. 

-. 

3:3- 

230- 

Fig- 4 Approximate heating only diagram (thermodynamic instability) for the melting and de- 
composition of RDX-HMX mixtures in still air. 

Although values of the heat of decomposition (AH,,,) of RDX-HMX mixtures 

by DTA are only semi-quantitative. such values have been estimated and are reported 

in the following as a Stride to a possible trend. Thus, for values of RDX contents equal 

to or Iess than 55 wt o/o. AH,,, 2 0.5 2 kcal g- ’ (in this wt 7’0 range, vaIues of AH,,, 

were based on the quantities of RDX and HMX used less the quantity of neat HMX, 

obtained from its decomposition esotherm; also, the & sign indicates an average 

value)_ For an RDX ranSe of ca. 55-52 wt 5’0, AH,,, z 0.5i kcal g- ’ ; whereas, for a 

range above 82 wt 9/o, AHdcc z OS+ kcal z- * (total weight of mixture used in these 

two ranges). In regard to these values of AH,,,,. it may be mentioned that such v-alucs 

for neat RDX (m-p. = 203 ‘C) have been reported’ ;1s ca. 0.5 kcal s- ‘_ However. 

Bohon’ obtained an approximate value of AHdCC by DTA for RDX possessing a 

m-p. = 192’C (this low melting point implies that the RDX may have been con- 
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aaminawd with S-I?? b HMX”)_ He calculated ~1 V:~UC of AHdCs = 0.77 kca1 g- ‘_ 

\‘alucs of activation cnersy (El and a?parcnt reaction order (n) for decomposition 

xi-err 31~0 estimated for neat RDX and for mixtures of RDX-HSlX. It was previously 

reported’ that neat RDX possessed (in nitrosen or air) va1ucs of E = 80% kcai mole- I 

2nd iz = O_Si _ For ;I misture containin? SZ wt 9b RDX. it wx also reported’ that 

E = 66 kcal mole- i (a similar \-Aue was reported in the iitcrawre sever:4 times) and 

that n = 0.7 (these x&~es were obtained from a run involvin_r a non-cyclic program in 

aii). Other compositions of RDX-HELIX mixtures were thcrmaily decomposed in still 

air usirg a heating on!y prosram. In the foIIo\ving xc given. in order. \vt 46 RDX. 

E in kc::1 mole- *_ and II: S9. 71. OS: 56, 66. 03. 

Based upon non-c_\-clic data (.initial thermodynamic instability obtained ~1 hich 

wxs foliowcd after tht initial endotherm by presumably thermodynnmic stable states) 

and c_vcIicaI heatins runs ( prcsumabl_\- thcrmod>-namic stable states’). an approsimarc 

centativ-c heating onIv diagram wxs constructed in Fis. 4 for the melrinf and de- 

composition of RDX-HTkI_X mistures in stiII air (CT. Table 3). As indicared earlier. 

RDX compositions \\\cre limited 10 9-95 \\t ?A_ Limits of solubility were assumed to 

be 55-60 and SO-S w t 9;) RDX (c/I verticai shaded areas in Fig _I)_ In this figre (and 

in Fig. 5). a question mark (or horizontal or wrticri1 shaded arcn) denotes a re_eion not 

--- -_ 

273- 

2:G- 

_ 

i7G- 

51‘1:” 
__. .- 

Fig_ 5. Approximate diagram (thermoJynamis stxbiiity) for the melting and decomposition of 
RDX-HMX mixrurcs in still air bxcd on cyciicai heating runs. 
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ciearly demarcated by DT.4 alone: (I‘) and (S) denote iiquid and solid phases_ 

respectively: (S.S.), consists of solid solutions of RDX-HMX between RDX values 

of CU. 5%S3 Lit ?a and where X = RDX content: (.S.S.)sO denotes a solid solution 

containing ea. SO-83 \vt ‘5 RDX: (melt),, consists of ;1 molten misture of RDX- 

HMX containing cu. 55-60 wt ‘?A RDX; (melt),, comprises a molten misture of 

RDX-HXIX containing ca. SO-S3 wt ‘?a RDX: and. (melt), denotes a molten misture 

of RDX-H>IX between RDX \-alues of ca. 55-83 wt ?b RDX and where X = RDX 

content. In Fig. 5 is depicted an approximate tentative diagram for the melting and 

decomposition of RDX compositions in stiI1 air based on cyclical heating runs 

(cf: Table 3). The diagam of FI,. -m 5 is better delineated than that of Fig 3. Thus. in the 

latter figure. in the 60-SO wt ‘?a region. it is not clear at what temperature there is a 

separation between the (melt), phase and the [(S.S.)s +(meIt),] phase: further. at the 

lower RDX contents in Fis. 3. little can be stated regarding the separation and 

melting of RDX which ultimately leads to the formation of (melt),,. That a non- 

equilibrium condition esists in regard to the separation of RDX rlt these Io\ver 

coctents can be seen from Fis. 5 and from a previous discussion. 
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