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_INTRODUCTION

 Pieric acid by itself is & violent explosive, but the
'pure'maéérial*méiﬁsnat'teﬁ”high a temperature (122°) for
 7éati8féétary sheil;filliﬁé; 1659 being‘the‘maxim&mfteﬁpérn
ature nsually allcwed; ?nrthermere, it is rather 53581t1ve.
ﬁBy the addlti@n of 2¥4-d1n1ﬁrophenol its melting pelnt
can be l&wered until it is be&gw the maximum alicw@éﬁ By
this addition it is also renéered much leés sensiﬁife;j

Buring the last war, Italy end France (1} used a mix-
3ture ﬂf pzcrlc acid and éznltr@phenal in the propwrtlens.
65% picriec acid and 35% dinitrophensl. Great Britsain HSGé
a similar mixture, whiah was called “Sheillte*; cansisting
of 60% plcrlc aeid and 40% dlﬁltrophenol.vv

A seareh thraugh the available litarature, hawev&r,
revealed only aﬁ&'systematic~determinatian of the'system,
>Tﬁis‘had been dane‘%yr39g93a313ﬂ3ky {2}‘ The originél
referenee Was ‘not av&&lable, but his values for the eu-
‘tectic cempesztion were reported in the ®*International
ﬁritiaal Tables¥ (3} as: 47%5 mole per“cant~ef pierie
acid (53@ by weig%t) anﬁ a euteckie temyerature of 81.5%

Alhhaagh tﬂe mvxture called “Shellite” was an. 1mprev~
meniyevar;the pure yzcria‘aclﬁ,blt»wasrStlll ﬁat\eempletely

satisfasﬁefy»é&e.ho the large amount of shrinkage which



(2}

‘the mixture shaweé'en golidification. This shrinkagé leads
to the formation of cavities in thé body of thevexplcsive
charge with a eenseqﬁent‘reduetian in the density of the
.chargé ané*a eorfgspaﬁding less of power. Thése,cavities
can not be fille& by‘thefadditien of more molten eiﬁiésivea'
If the shrinkage takes place from the gides of &he sheli, -
then there is a danger that the shell umay ?reméturelj'ex~
ylade,when.fired from a gnn;' It is therefére desirable 
that'ﬁhis shrinkage be evéreemé in some way. |
Dr. G. F. Wright suggested: *this could 1a£gely be

avoided if‘erystalliéétian were retarded aﬁﬁil thé me;ﬁfﬁad
e@aléd to fﬁam temperaﬁure,5 | o

- In erdér to accomplish this end, Ir. 3@ H: Campbell
'S&ggés%adz @ﬁhat the problea appeared §ﬁibe that of retaiﬁing
#Saelliteﬂ in~£he vitreous ceaditi@n; ét‘least for a tiume,
after it had cooled ﬁeAr@ém.tam@era%urei“ He hgd;shbwn {4)
ﬁhat w&ileiitrwas imgessiﬁle te.iaflﬁenée thé é@éﬁtanéeus
formation afénueiéi; the‘}eiociﬁyraf'grcwth couid readily
hevinfluemcedﬁhy altering?the.viscssity of the medium, the
veloeity being less the:mbfe viscous the mediunm.
o A systematic investigation was theiéfere'éarried out
on the system: picrie aeié~a2344diﬁitro§henel, as follows:

(1) BEquilibrium diagram.

(2} Density of a1l mixtures at 13090,




(3)

{3} Viseosity of all wixtures at 130°.
{4) Velocity of crystallisatieﬁ of the pure substances
| aad of the eutectic comgestiaa for 1ncreasing de-
greas of supercaaling. |
: ane these values had been ebt&ined the experiments
were repe&ted usxng addeﬁ materials which we noged would
censiderably increase %he viseesitx.and hence decrease the
veloelty of crystallisatian.

Slnce the §rablem is- very largely onalaf retardln the
}érysﬁallisatian,velmeity,ra consideration of werk.tﬁat has
been done on it will be in order. This will be undertaken
after a short dlscussien of bhe grineiples of the “Phase
Rule® that are involved in the equlllbrlum dlagrams has

‘been given.
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THRORETICAL DISCUSSION

In the last quarﬁer~of the eighteenth canﬁﬁr?;‘ﬁéﬁzel
in 1777, and Berthsllet in 1799, had shown that ehemieal
‘reactlans proceed enly to a certaln p01nt and there make
a haltw Many examples of such equilibria were braught
forth in the sueceeding century, but it was- nst untll
Willard Gibbs put forth in 1874-78 a tnearem, general in.
itsfa@plicatzanvaﬁﬁ'eﬂplaying no hypethetieal assumgtigns
as to the. nature gr constitution of matter, that the exX=
‘.yerimeﬁtal facts were put on & sound theeretlcal b331s,

’ Both ¥Wenzel and: Serthellet ‘had ree@gnzsed the 1nf1uence

'exereisea by the mass of the reaeting substaﬂee on the

- equzlibrium.af thﬁ'system‘ in 1867, %uldberg and ﬁaage

nut the study af’ahamlcal equilibrza on'a qaantltatlve
‘basis in their *£QWwef,ﬁassiﬁetion*1 But since it was
hasad on ‘molecular aad klnetlc theerxes it inveivea
certalﬁ assumptl@ns as %a the nature and candltlan af tae

substances taking part and ﬁhsrefare it famlaa when it was

applle& to systems in whzch very llttle Was known about the

7 malecular cam§1exity.
. Gibbs based his theories on the laws of thermadynamles,
and in deduclag the law of equilibrium, he regarded a system

3

as psssessing only three 1ndepenéent1y Varlable faeters.
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temperature, pfessure, and the concentration §f'the
vcampanents, The aetion of gravity and 6t§er ferces were
excluded. His theer%m; genera11y~kﬁ0wg’as tﬁé“phase’rule“,
 dafinednthe conditions of aquilibéiém as\a,reiatiaﬁshiy‘
between'the’“phases#'and*“eam?anentsﬁv~ »w-~«w~fw ~i~

A “Phase* m&y be cgncisely éeflﬁed as.'“a h@megeneaus,

ghyszcally distinet, and mechanically aeparaﬁle partian of
‘matter. ,?hus~1e&;,water,<auévvapar are three phaseszaf»the
 suhstanea water. ‘Bnt'avphase ﬁesd'noﬁ~%e~¢héﬁiaalxj simple;
_yf@rleﬁéﬂ@le,va.seiutien~ef'Ba31~i$:ﬁam@geﬁeaas andtmayﬁgxist
as: icé,_saluti@n, éﬁd-vapmr; Azein there are thres pﬁéﬁes,
‘but one ef the;@hases,»the solution, is naw'chgmiégily com=
plex. »&1subé£aﬁeé heving allotropic mbéifieatiéﬁ$ éxist5,or
;may exist, in as m&ny ?hases.aé there allgtroéés iﬁ,aéditien
to‘existingjgs a liguid[and vapqr.phase@: Eéﬁévér, this does
ncﬁfmaaé that~al1;ghese,gkases~ﬁéﬁ.exis; tggetéer‘in stéble
:equlllhrlum. h | o |

The ”camponents" of a system are not- synanymeus wzta the

- chemical elements or campeunds ﬁresent although- hoth elements '
and campeunds may'be camponents. By;aam@sgemts are,meaat
enly tnoseweaﬁsﬁltuents-whase c&neentraﬁibﬁrean undergo in-
de@ehdeﬁt v;fiatien.inLthe different ghases;f.Sinae the "Phage
Rule” deals with the final date and not with the processes

hy_w@ich the fiaalbequilibriam-is«atiaiﬁa&, then only theose
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:caastitnenﬁs whleh take part in the state of real equzl;arium
are canszdered‘ ) | | B | |
In chaaszag the éom@duéﬁts, the foiibﬁiﬁg cbhéderatieﬁs
e o
. {1}' The comyanents are to be ch@sen frem ameng %ne
V'caﬁstltuents whlch are present when the $Jstem 1s in a
suda of true equillbrium, and which taka @art in that equl»
u ‘1ibr1um‘ - |
| A{Q} As eam?enaﬁts are te he cﬁssen the 5mallest numher
éf such cﬁﬂatltuents necessary te express the camyeszlan of
:;each phase @&rtlci§atzng in the equillkrium, zera and neg-
ative quantztzes of the eomyenents belag @asszble.
o {3) Xn ang gﬁven sgstem, the namber of campanents is def=~
tinite, but may &lﬁer wzth an alter&tlem of the candltzons of
| the axperlwant, o | B |
o n-. is a great werit @f the Pzaase Rule that the state of
ﬁ a system 13 defined entirely by ﬁhs relatzon.exlsting between
:the number ef tha aamyaﬁents and the @bases present no ae-

‘caunt belng taken af the mgleeular cemplex&ty of the partzgla :

:pating snbstances, nor any assumptlen maﬁe with regaré to the
'chnstltutian ef matter.i It is further 1mmater1a1 whether we
‘deal wath phys;cal or cheﬂleal eqalllﬁria.

- Glbbs’ Phase Eule may be expressed by the fellewzng

‘equaﬁign*

FP=n-1r+2 or ¥F= n4§52'~'r' {5) S






(1)

ﬁhere F = the degrees of freedon, ér variébility of & |
system, n = the ﬁumber of components, and r = the nﬁmbér

ol phases; The degrée of freeﬁem is the number of the
variables‘ presqure, temyerature and com@eaxlon whzeh must
be fixed in order to’ perfectly define the syatem,

| In‘thzs 1nvestlgat10n, two cempenenz and three cem§onent
systems ara dealt with and heﬁce 8. short dlseussisu ef

:thgse.fellow31

o Tﬁofééggen§§% §ysteés;
- ' Let us consider the Pollowing ﬁsséibiliﬁies;_»
7147 fﬁé-aamponeéts'eémpletélyﬂmiseiblevin b@ih'thé,liguié
and solid phases. {see fi@ﬁ?ﬁ/l,} o
{a}?‘?hgvfreeziﬁgégoiﬁt;sélubiliﬁy'curve has neither
o .;'maximam orfa ainimum. |
'Qﬁjb The'freeZiag»peimﬁfselﬁbiiity eurvé haa‘a‘maximum;
(e} . Thevfreséiugéyaint sglnbiiiﬁy éﬁr?e has a minimﬁmw'fvﬁ”[
II.'TWQ c©m§ﬂﬁents eempletely mlscible in the 11quid pnase,

‘ hut only partzal y mlsezble 1n ‘the solid phase, i. e.,

thé,tﬁ@’éemyaﬂents derﬁa%~f0rm-a eentinuemsrseries~af
| solidvégiatians {see fig&re:2}#
(a) The freeaing-point curve -exhibits a tran51ticm point.
{b} 'Thénfreezingsyeint gurverQXhibits.aweuﬁeetic?point*
IE£¢ $wa‘cam§anen§$ §0§§letély:¢is¢ible‘iﬁVtha 11@&1& §&?58,

but eamp}aﬁely immiseible in the solid phése {fig. 3}
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There are, of course, other pessibilities which have
been f0undvexyeriment&lly,'but these include the type of
curves found in this investigation and therefore will be
sufficient f&r ﬁh8vpr8Seﬁt discussion. R

4v'The cﬁrveskshewn iﬁ figﬁréé‘l'&~2‘are eommonly known
as the #five types cf‘Raozebéém*; a, B, and ¢ of figure 1
'9being_§yges i, 2;_ané 3 raspeatiwely;_ané & and b of figure

2 being types 4 and 5 respectively.

Discussion of tﬁé'ﬁaryssfy

Igtreduciieﬁ

By meana of the Phase Rule equation, it can be

seen that fer two campenents existlﬂg 1n one phase, ¥ = 3?‘

i e., the ﬁegreafnf freedom @f hne system is thrae and theren"

fore three variahles must be fixed 1n order that the system

krmay be perfectly éeflneﬁ»- The

40ra, in adﬁltian to tem?erature

and pressure, a thmrﬁ Variahle, cancentratlan, must be chasen.

T@ represent grayhieally zhe tﬂ@ campanent systammith 1t$

three possible 1néayendeat variatxens ‘ ﬁ@ should require,

in order ta reﬁresent all zhe pssslble aenﬁxtlans of aquzu
11brium, a threa ceerﬁinaie dlagram in spaee {see fzﬁure 5}
This is a selzd whase axes 9T, U? and @6 represent temyer~
atnre; pressure and eamyesitien.resyagtively@ |
| Tha'suifaee Q?ﬁ?’weuld~£hen rep?eéent the-#ariatioh of
pressure and temperature, the coneentratlan being constant
-alth@ugh not necessarily Zero. Thls is called the “pgﬂ

diagram, ¢ = a censtan@;,




\ 0w




Simizariy~we have: @TLC, the t,c diagram, p = constant,
and apxc, the p,c dlagram, t =’eanstant5 The‘moét eamménly
‘ useéfrepresentatlon is the t;c;jdiggraQQ The greééure in
this_#ase_is ¢oasidered to be ggnstanﬁ-aﬁﬁ at é%maspherie
~ pressure. Since most of ﬁhefﬁ%é@artiés ef‘avsubstance
,requlre censzderahle changes ef pressure in arder to notice~

:_ably affect them,e.g., t&e meltmng peaa.

‘ changed anly by a few hundredths af a é@ﬁrea byv ‘éhéﬁgé-in

 pressure of one atmasphers, then the small fluetuatlans in

o aimesphenic pxgsaure can be dlsregardsd.

By thus Keayrnﬂ'ane ef the variables constant, the
_gra@h1£~re§resentgtian Gfﬁ?&ﬁ;ﬁy&%ﬁm 13;@&&3 vary much
simpler. Figures 1,’2,vgg&,?fﬁﬁeavarefiny eﬁe,surfa¢e of
the‘spaeé diagram iﬂr&hieﬁyﬁhe,presé&re is»aaﬁsﬁé$$ a§é~
the temgerature ‘and e@nsentraﬁaa& may vary. ‘ |

?ar two campensnts in twa ‘phases, ? = 2;-‘?&sﬂ.theré
are enly'twe'varxabies Wh%ehwmgst_beyfzxeg ingarder tﬁaﬁ~f
;the'sysﬁémjmgy'heLgeriééﬁiy éefineﬁ;"1f;ﬁhe tem@é?ai#re'.

and compostion are fixed, then the pressure is automatic-

vélly'fiXed.
Fcr two ceﬁpenants in three phases, ¥ u'l. “‘Therefore -
the f1x1ng of one of the variablag perfectly defines the
yqtem.

CIn créer>that the system be invariantji.e.; ¥ = G
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ne less than four phases must befprasent;,e.g,,.scliﬁlg

£

s0lid,_, liguid, and vapor.

2.;.
In the formation of‘selid Soluticns from mixtures of

theAfused'caépcﬂentsi there are really‘twc solutions, oné

completely liquid,. the a%her'cemyletélyfselid*‘tiﬁ’gene?al
"the concentration of the two co@@cnents in these two phases

will not be the éame,,aad so two curves wiil‘be requiféd;'

- one referring to the solid phase Qsalidus curve, s in

figure 4) and the other referring to the liguid phase
{1iquiéus;cgrve,,Lm}*: ?ﬁe_temyeraturevai which sa;;d.hegins

to bgzéegasitééﬂfram the iigﬁid $alﬁtian is_callad the freezing
point of the solution or mixture, ané'the temperature at

:1 § which the solid 301uti®n‘3ust:begins ﬁo liquefy is éalled

. ‘the‘gelﬁiﬁg point of the sﬁlid’sg}utianf_ Therafere thé
liquidﬁs curvé is the fraezing_péint’gaffe,'andkxhe é&lidﬁsA

curve is the melting point curve.
| poin

B g% _Thewﬁﬁa Qam?&aeﬁtg‘arg*cgmyletelz miseible in the 1iguid‘

. and golid phases.

A@éalid»sniutiaﬁ;"beiﬁg homogensous, can constitute only

one phase; and on melting, since it must melt te a homo-

geneous wixture, the molten solution consisis of one phase
only. If the vapour of the two components is censidered %o
be present, then the maximum number of phases possible is

three. Hence F = 1 , and the system can never become in-
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vvariant, Therefore, the equilibrium curve must be con-
t1nuaas. i. e., without any brezks or paznﬁs of 1nflect10n.

Type 1. The freez1ng«palnts of all nixtures lie hetween

the freezzgg yalnts of the §ure campcaents. (flg. 1 Jad

Slnce we are dealina wzuh SGlld solutians, the meltlng
point curve must also be cantinaeus, as shewn. The relatlve
‘9931t10n3 ef the twe curves, w&ich has @een deduced by thermo-
 éynamics and also by experiment is glven by tﬁe rule. éAt
any glven temperature, the cancantratlon af that campenent by
,the aﬂéltlan ef Whlch the freezlng-pslnt is dapressed is
igraater in the llquid than 1n the selld phase, or. eonversely,
the concentratzsn of th&t cemyenent by the ad&lti@n of whlch
the freez;nn palnt is raised is greater in the sallﬁ thaa in
the llquld phase, | |
\ On ceoling a fused mlxtnre ef two‘substances capable of
errﬁlng salld selutians, the temperatare Qf seliélfleati@n
w111 not remaln csnstant during the sep&rahi@n ef the sal1d,
nor w111 the temyer&ture of lquef&ctlan of the solla salutian

be censtaﬁt.

If we take 2 mixture af A& and B {see flgure 4} of com~
pesitzen aad temperature represented by x, and allow 1t to
ceal alang the 11ne xx'~ tneﬁ at a, whare lt strlkes the
llquid&s eurve, b07iﬁ Wlll begln to éep@éit whose eom9051t10n

,is gzven by b on the SQlld&S curve. f{a and b are at the same
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temperature. ) But since b is richer in B, the composition
of the liguid wust move in the direction awd,’ The compo-
sition of the solid solution will at the same time move
frém b-c, providing we allow sufficient time for the solid

solution to undergo change by diffusion. When the solid

 solution reaches ¢, the ligquid will have solidified com-

pletely to a solid solution of the same composition as the

original. liguid.

‘Eiwilarly“ﬁeaﬁiﬁg;up»a,salid solution of & ceﬁpesitian

and temperature xV, maltiag‘starts-aﬁ-e, giving a liguid of

- compogition d, richer in A, and therefore its composition

© will move in the direction c»b . The compostion of the

liguid weanwhile will move in the dixactiﬁﬁ‘éwa. 'Finally.ét
a8 all the solid has melted to a liguid of the same compo-
sition as thevarigiﬁal'selidg The proeess of liguefaction

er solidification is therefore extended over ihe leuwperature

dinterval aoc.

};gz?e ils _The freezing;?@int'earve passes<§hr9ugh,g maximum

in this curve‘{see fégure 1, b.}, the freezing gaint of

each of the eo&pomﬁﬁtsfmuéﬁ be raised by thekédditiaa of the
other eampeaeﬁtav A&fthe maximum 9éintvtkefmeltiﬁg and freez-.
ing curves touch, aqd therefore the cﬁﬁp@sitiém of the seolid
and liquid phases must be identical. Therefore, solidification

and liquéfaction would take ylacé completely without echange of

tomperature. Hence a solid solution at the maximum would ex-
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hibit a definite melting-point and would behave like a
simple substance; i.e., like a compound AxBy. BHach part

of the curve on either side of this "singular® point be-

haves like'tyﬁe'I; Van Lasr showed thermééynamieally that
it was impassible'ts have a maximum unless a compound was
formed. Hence type II is just type I twice over;i.e., we

- and

-ha#é"ﬁhe‘abayaﬁeatg'ﬁ‘an&'éxﬁy as one system;-andy§gi”

B as the other system.

Type 111. The freezing-point curve passes through a minimum.

'In this case a mimimum freezing-point is obbained, but
it is still a'caﬁtinuous curve due to the existeﬁce afiéalid
solutions. On the ene side 5£-tha minimum point, the ligquid |
phase eentaiﬁé‘relazivaly méraé‘eﬂ'the other side relatively
less of the aﬁé-co&panent than dees the solid phései dpnile
at the minimum point, the éem@asitien of the two phaéeéfis
ﬁhekaaée; Therefore complete solidification and complete

liquefaction will eceur at this point without change of temp=

érature;=ané~t§é-sélid~sﬂiutiaﬁvWill~aecardiﬁgly”exhibitfa def-

inite welting point.

II. The two components do not form a continuous series of

vséli@’$éluiie§é ibﬁ%_thélliqai& ¢0&poneats%are completely
wiseibie;}"
T&éiselid components ﬁ,aﬁdrﬁ are not completely miseible.

- Henece the solid component A can dissolve the sélid éompanent

‘B only until thé concentration has reached a certain value. -
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Qn adding a further quantity of B, the composition gf the
solid solution will net be altered, but there will be formed

g second solid phase eonsisiing of a éolutian of A.in B. At
this point»fear«ﬁhases>wi11 coexist; namely, a solid solution .
with excess A, & solid solution with excess B, liguid an&ﬂ
.vapaﬁrg Hence ¥ = 0 and an invariant paint is oataingé.‘~The
te curves will no longer be;aoatiﬁaaua,vbut will exhibit a
disec#tinuity at the point ai-mhich the invariant syétém is
fbrméd. | | | |

Type IV. The freezing-point curve exhibits a>transitien point

The baha%ié@/af-this type isvrépresenteé in figure 2, a.
- The addition of B raises the melting point of 4, the concentra-
ﬁiam Qf‘B-being greatest in the golid solution in accordance
with the rule previously given. The melting point af‘the solid
salution is‘re§?ésemteé by 3@; and the freezing-point of the
liquid'salutian'is represen%eﬁ byvﬁﬁw The addition of & lowerw
the meltlng'peint of B, giving the curves B{ and BE.for the
liquzdvand-sollé phaseSa At the temyerature of the lzne CDE,

the 11qu1d salukion of the eampaszﬁlsﬁ represented by € is in

eguilzbrium with the two different solid solutions represented
by D and B. Therefare at this temperature, ¥ =0, and both
the solidus and liquldus,eurves must exhibii a discontinuity.

Type ¥. !?heibeeziﬁg~§aint curve exhibits an eutectic point

-This behavior is represented by figure 2, b. The freez-
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ing-point of each of the components is lowered by the addition
of the other, until, at last, a @oint is reached at which the

1iguid sﬁlidifiés't@ a conglomerate or mixture of the two

'seli& salu@iénsf This is'the lowest meliing point of the mix~
%ﬁre&aﬁd is ¢zlled an suteeiic pointt At the eutectic the

liguid is iﬂl&gﬁiiibrium with two different solid solutionms,

the §Gmp9sitian of these being represented by points D and E.

?herefa?a for a liquid of compesition €, complete solidification

will take piaee at iﬁe temperature represented by the point C
o a conglbmﬁratge of D and H. | |
.En ﬁhe'ex%reme eéée of type I?,'Whefe the components A
'anéiﬁr are completely miscible in the liguid phase and com-
'plétélyier almost c@myletely;immiseible in the seolid yh&se;k
the eutectic line (or what was the saii& solution line) ex-
tends completely across the tc diagram. This is shown in

lfig&ré,iy, There is then practieally no solid solution so

that the eutectie ca@yﬁﬁiﬁian”ﬁecomes merely a mixture or con=-

glowerate of pure A and pure B. This is the type of behaviour

~~£aandrferw%hevexplaSiVe~sﬁsﬁems'wewha?e'stuéiedg

If a mixture of compﬁsitian and temperature represented

by x {figure 3.} isfeegiea’dswgi then when the temperature

‘reaches that of point m, solid A will begin to separate out.
This separation will be accompanied by the heat af‘sqlidifié

cation and will show up on a cooling curve as a point of in-
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flection. Sinee there is now less A in the mixture; that is,
the liquid, the composition will move in the direction 5 e,
.‘While solid ﬁ will be constantly depositéd as the témperatufe
falls. At p‘om ¢, #Holid B will béggin to separate and the
ﬁem§ﬂrature will then remain constant Wﬁile 301id A and solid
B separate in censtant preﬁortlsns, i. 84y the pr@portieas o
represented by the ﬁomp051tion of ﬁ untll all 1s salla. A

) 51milar analysls holds f@r a liquid on the other 51de cf the
euteetle-eomyesmzon, War a liquid of the exact egtectia com~
gestion there wzll be na gre?lmlnary separatzan ef 4 er ‘B,
Therafere, at the euﬁactlg.all tae liqaxd.w111 sei1dify at a

ffcaﬁsﬁant temperature as thougﬁ it were a pure substanee.

fHree ﬁamgenent &ystems.

| '@ﬁiy a shert discussion Gf thé‘graphiéal répreséntatian
of the case correspandiag to the extreme case of t;pe ¥ of
'“tﬁe two compnnent system w111 be glven here..
The tgrae cgmppnent ﬁyﬂtem,,coﬂ$1stlﬁg ‘of the thrgé'i

components 4, B, and G can beyrepresented by joining the

three mﬁmetm-eompéﬁé& te ti’iagra{ﬁs, ?x* B, A:C, and B:C,

in the f@rm ef a prism, the base of the yrlsm hein% an equ1~
lateral trlaﬁgle.‘ The faces of “the przsm (see 11~ure 6),
AA‘B’B ﬁA’ﬁ‘C,.and B;*Q*C then represent the tc diagrams of"

two cempenent systems, g'x A.C, snd 3 G" The eéges of the

‘,prism, ALY, BB’, and QY reyreseﬁt the pure cemyaﬁents a, ﬁa )
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and C, while the interior of the @rism represents the effeect
of the three components upon one another. Temperature is
represented by tue height of the prism. Thus & horizontal
section thr&ughvthe prism w111 be an 1bothermai an& w111 be
repres&ated by an equzlateral trlangle, whose sides reyresent
the twe component systems and Whose interlor Penresents the
three component syst;@, The pcintsmwill of ceurse reprasent
the purefaamyanents; o ,

| However, this same equilateral trlangle can represent the
pregectlen of the curves in51de the yrism onto its base. In
this case, the temperature of each point must be 1n&10ated.

B , By, and EB on both diagrams represent the eutaetie

‘compesitions of the systems, A:B, B:0Q, and €:A respscti?elyu
34'is the ternary euteeﬁie. 3134 ﬁhen-re@resants the effect
of adding € to the eutectie of.&#Bﬁand is ealled an eutectic
‘trough. It is not necessarily straight. Similarly for EgBy,
éndA£3§4a E, is the laﬁé%g point reached Tor the three come

ponent system and henée‘ié,ealleé the ternary eutectic.

Forfa'three«compcneﬁi system; we have; F = 5-+ 2 - r.

?herefore the number of phases that must aaexxsﬁ is seen to
be five. Hence at the ternary:eutectie we must haver 1i§ui&5
vapor, A, B, and ¢ as sm1ids; coexisting at a temperaturekand

composition fixed by the nature of the system.
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Theoretical Discussion on the Velocity of CryStallisation

Since the problem is primarily one of iﬁhibiting or
~ slewing down‘crystallisation uﬁti1,the wmoliten explosive
.has cooled to room temperat&rg} i.e., the;attaining(af a
' large degree of supercaeliﬁg,‘a_discuggian of the.theér&
‘ané measureﬁantvefvthe velocity of crystallisation wi11i
bé in‘pr&er.‘ | o

_in the fellewihg disaussion, the phrase * veléeiig
of erys;alliéation” will be-shorténed to €.V. (erystall=
isation velocity.). | '

-The first_axgerimenﬁs on thé,veléeityiaf«cryatéilisatian
were made by Gernez in 1882 (6) and-1884’{¥}'én‘ph§sphe?usy
Furthér]experimenﬁs were earried'&ut'by him‘énvéé@hur iﬁv
1884 (8,9). ' S

Since the solidification of a suyércaei@d aubStanée'is
~éceém@anie@-by‘a.libarati?n'ef tﬁe'heat4a£‘fusi@nkwhosgjéffeet
is to iaise the'teﬁperatu;e,ef;ﬁhe adjacent layer, he said

that the rapidity with which this solidification proceeds

&e@en&# on this heat af‘fﬁsian¢ ;Thérefare, in or&eg{ﬁo get
reproducible yalﬁes Tor the C.V¥« it is necessary to~h&ve a-
thread of the supercooled liquid infinitely thin, in order
that ﬁhe heat of solidification may be removed as qnicklyAas
“possible.

Gernez found that if the substance was poured into a
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Y-tube whose inner diameter did not exceed 2,7 millimetrgs,
the influence of the heat of fusion was negligible, especially
_if the walls of the tube were thih,' fhe:ﬁhin wall Waalé allow
the heat to eséape quickly into the sapera&OIing‘baﬁh,:}If
‘the diameter ef:theziube‘ex¢sa&ed'2;7 mn, he found that the
C.V. increased with the diameter of the tube. |

_In'his‘geasﬁrements on the C.V. of'gﬁQSphérus, Gerﬁez
‘eéirieé out the fellawing'tré&%ﬁ%ﬁ%_which is the Standard
procedurs. for measurlng the @ V..

CLdRE : ‘
(He heated the U~tube centaiﬁzng the gh@sphorus for from

: :.L u,f,

15 to 30 minutes in a bath at a fixeé temperatiure above the
meiﬁiﬂg paiﬁt_ef'the phosphorus. Thénﬁhtﬁbéfwas theﬁ quickly
”ftrénsférreﬁ'ta-a Baih'0£ wétéé"ke?i:at a fixed degree of sﬁper~ -
Vcssllné. It"%as alléwﬁd'ﬁé fééain‘im £hé’§athﬂ ﬁé&iétuﬁ%&d;. -
~ for gerlads @f tlme up te an hcar or even more. The erystaliw
113at1®anas~%hen 1ﬁ1tia§@ﬁ by tcuehzag’the surfaee éf'the super«
. caoled phespharus withethe end ef & eaplllary tube frem whlah

: pregected a thraad of so}1é ghasphﬁrus. At the mement of

'touching, ) stap—watcn,was startea@ ¥hen the crystalllsatlen
- reached the sec@nﬁ free gurface, ‘the step»waheh was stc§peé.

’The t V. was tnen ealculsted &y dlviulng the dlstance between
;‘the free surfaces by tae tlme taken f@r the crystalllsatian to

‘traverse this distance. The usu&l units are mzlllmetres peY

minute. -
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This method of measuring the ¢.V., however, is now
modified somewhat. Instead cf measurzng the distance from
free surface to free surfaee only the ﬁistance down ane
af the arms of the tube is taken.‘ ﬁaﬂvectlen currents, due
to the heat llberated make the weasurements ugwards in the
- tube unrelzahle‘ ‘

sﬁrnez found ﬁhaﬁ no matier Q@}whaidégree‘hgyheéted
the phosphorus above its‘meltingvpain%_ﬁuy'tara limit of
2153}, the giﬁ; ﬁaa not senai%iylehaﬁged far.any fixeéjdéa
gree of saperaeellnaﬂ ?urthermare, hebfeuné tﬁat n@-matter
- how many previaus mea@uremenﬁs had been wmade on the nhespheras,
the valueS<f@r th&vgyv.-remalneé the same.

| ?qr/snlghur, howeyer, t@evabévereéulis were not appliﬁable;

It was faund that it mighi have #ifferent #alues at the =same
éegrae of supereaollng depenélng on its grev1aas trsaﬁment.

This he aseribeé to the allatrepic modificatiansof solid
Tsulphur, and te the dynamic equllibrium of molten sulphur, (1@).

Tha length of time during which the snlyhur reﬁalned in

. the bath in which it was heated abﬂve 1ts~melt1ng pelnt ané
the tem@er&t&re tg wﬁzeh it was. ‘heated, were f@und ta have
an 1ndepcndent, éeflnlte 1nfluence on the 8 V. at any glven
vdegree of supereeollag" From the results whlch he obtained
from thls series af measurements, he was able to show that

liquid sulphur was able to undergo a modification which de=
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pended on the duration of the action of the source of. heat.
‘This modification was found to persist for a time after the
liquid was breugﬁﬁ back to its iniﬁial<cendit§ns. 1t was
found that the 0.V. for sulphur also depended on what erystal-
line form had been used to inoculate the supereeal&éAliéuidx |
Gernez said that the (.V. was preperiional ta‘the-degrea
"af'éﬁ§sreoolingx But his measurements were not caf?ied-te
more ﬁhaﬂ.abﬁut 20° below the melﬁing'?ainﬁf
| *After Gernez8s work on phospheorus and sulphur, Moore {11}
measured tﬁe‘@;?;‘af'glaeial acetiec acid and some other organic
.eémpeunds« - He co&fifﬁed-ﬁernez*s results as to th&{g&p&&d&neﬁ
“of theicxvi~oﬂ the‘éagree.cf‘sapercéoling,,but hexﬁié not find
any difference in the value of the C.V. with différent wethods
‘Qf treatment. This he explained by sayiﬁg tha§»the materials
with“ﬁhiéh he worked did not have the @ecéliar nature of
- sulphur.

At ther%emper&tﬁre'at*ghich;spaﬁtaﬁeQus~crystallisatieﬂ

began in his supercooled liquids, Hoore detected a decrease in

the rate of increase in the {.¥s He attempted to push his
‘.&easuremeﬁﬁs-ta-axgreatervdegrée,gf sup&ré@oiing in arde; toe
eonfirﬁ this §hen0meﬁé;‘but in;spite;df his elaboraﬁe ﬁrén
cautions, he was unable to do this because of spoatanaaas
crystallisation.. .

Moore showed that with tubes of from 1 to 7 millimetres
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iﬁ diameter, the C.V. did not depend on the diameler of
the tube. However, hig measurémenﬁé di&nnot exﬁend to
large degrees of s&percoaling‘

He'attempted to increaseAthevéoésible degree of super;
eoaliﬁg.witkout«sycnﬁaneaus erystallisétien by usning a mixture
of tWO'si@ilar substances; e.g., phenol and cresol. His
resmltSFShewed thet a graaﬁer aegféé éf“ségércoeling eeulé
not be ahtalﬁed* (i have found that it could be %a my mixtures}
He naticed hewever, that the adéltlan of eresol had a very
marked erfeat 1n reduclng the C,V. sf the pheaol¢ {I too have
notlced thzs in the mmxtures of the exploszves‘} “

Tumliirz (12) 1nvest1gated the auparceollng of water.and
' obtained the following results: -

The velocity with which thevsalidifieatien ?regressed in
supercooled Watef, increased constantly andirapidly with.thé
degfee of sup@ré@@ling; He p@iéhaévagﬁ that the C.V. at any
Jgiven degr@e of supéreociﬁﬂg fluéﬁuatéd somewhatf - This was

due, he said, to the’mannar‘ia'whichi%he crystallisation

progressed. For example,kinstead;cf erysiallising:straighﬁ
down the ﬁuﬁe,vit might éfystai;isévin a twisﬁi&g planes
ﬁeacé it wéald am@eér tO»bé slower. Because ef such if?ag»
ularltleﬁ, ‘the veleclty m¢ght vagy during the course of a

single experlaent,

By means of a mathematical treatment, Tumlirz showed .
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that if liquid sulphur is made solid by supercooling until
its viscosity is infinite, then it cannot be the nermal,

crystallised sulphur. It must be an amorphous solid.

It was Tammann, hpwever; who made an extensive study
of the C.V. and proposed & theory on it.
He claimed (13) that during the solidification process

the same constant teﬁpérature,fn@mely that of the meltiﬁg

point, must'prévail in the bqundary,layar between the salid
and the sﬁpergasléd,1iqaié,_iﬁde§endent}y af_the degree of
suyercaelingx Thus he céu;d not see why the C.V. gﬁeulé
depeud on the degree af suyarcaallng. |

- On Tam&ann 's suggestion, Frzedlﬁnéer {14} had uﬁdertaken

experlments on variaus erganic sﬁhstances dewn te 39° of super-

caollng. iﬁ was found that frem Q.
£.V. inereased prapartianately to the &egree'of-su@erﬁaaling;

but in the reglaa af 15 - 3@ ef suyerccaling, it was 1nﬁepen-

, Tammann sald that ‘the velaclty of solldlfzcatlcn wculd

:se xnﬁgyenﬂeﬁt of the temperature ef the supercealeé 11quid

as 1ong as: the neat ﬁet free on selléaficatlcn was sufflcient

to heat the solid material,to its melting point. The guotient:
lLatent heat divided by the specific heat of the solid would
glive the number of degrees of supercooling over which the

latent heat would be sufficient to raise the temperature to
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the melﬁing point. On further cooling, however, he said
that it was to be expected that the C.V. would decrease
" with the decreasing temperature of the Boundary layer, as
is;the case for the'velocity of vaporisation and the velocity
of soluﬁiqn; This Sﬁpyéaiﬁion wes confirmed by his eXgeriu
mental results. | R
| Tammann propose& that the general form of the crystal-
lisation would be as shown in figure 8. The abﬁcisa&eyreé
present degrees of supereooling while the ordinates represent
Véiocity of crystallisation in-miilimetres per:minuﬁe}
Bétween 4 and B, the C.V. increases with incﬁaaéi&g;
supercoéling. At B its reaéhes a maximuws wh;ch,is éhérégter~
istic of the pure:su%stance; This velec&ty rééains constant
ovér the interval BC. At G, however, there is not enough
heat,setffree to faise the temperature of the boundary layer
to the‘mélting point. Therefore, The €.¥. begins to ?apidly
diminish with increasi&g:&egrees of supercooling until it
becomes zero at 5. | |
,usteé obje ctéd,tojfammaan‘s theory on the Velocity of
erstallisatioa. He said.éhat T&%mgné had‘acgounted,fer‘
actual "déviatidns from his ideal curve by essuming that
 impuri£ies interfered, and that éiffer&nt arranﬁemeﬁts,of
the crystals at dlfferent deérees of SUPerccollng were -

formed. His maln obgectlon, however, was to Tamnann's 1dea
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that the melting point of the solid yrevaiied on the bQundary
1a§er of the liquid and solid, independently of the degree of
supercooling. .This, he said, appeared %o be impossibile;
because, if that were so, than there was still anreqﬁilibrium
between the solid and liquid phase. But since the crystal-
lisation progressed, then the temperature of the contact
layer must lie belawfthe,melting-painﬁ‘ E&rthermare,-he'saié,
every p&ga&pitation proceeded from a supersaturatbed agnditian;
therefore the eentaét layer itself’mnSt‘be supersaturated; i.e.,
| su?ercsaleé;  anevéf,vTa&mann*s-ideas prevailed.

Tammann'{lél'alse im?esﬁigatedftée dependence of the
number af“nuﬁléi,,which~aré farmedePOntanééusly in supers
cooled liguids, on the temperature.

Tammann’'s work up to 1915 on the €.V. and nuclei number
~ is collected in his baek; ”Krisﬁailiéiefen:unﬁﬂschmélzen§.
?he Bnglish translation of this appeared under the name:
#The States Gf ﬁggregatien* in 1925. {l?)

Since this book ceataxns most of the ideas on the
“subgect of erystalliﬂatiaanalaclty and nuclei namber, a
sumuary of these ideés will be given: |

Ihe teﬁdéﬁcyrtgwards,S@éﬁténeaus-Ggystalligatiog_in,ﬂnder~

eoeiéd,biqaids@

In wany undercoocled liquids, the &ambergef'efyStallisatien _

centres formed in a unit of mass per unit of time is so small
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that it is possible to count them and tqutudy the influence
ofvtemgerature,~etc., upon them. It was found that the tend—!
ency toward spontaneous cryétallisation is highly sensitive to
slight alterations in the supercooled ligquid, and that a pra-‘
nounced tempersture maximum exists‘at.which & maximum number
of centres is formed. By special treatment, these céntrés
. can be made to prow without increasing their number“ Thus
they aﬁévmade %isible and so can be counted.

Foreign substances,have an effect upon the tendenecy
towards spontaneous crystallisatioa‘which varies considerably

with the nature of the'Subétancé; although the temperature

S

© of the maximum itself is very little affected.

The nuclei number is iﬂfluenced byvinsoluble‘pewders,
even though they de not act as centres far,nualei‘fgrm&ti@a,
as shown by micrascopictexaminati?uw With both selﬁble,and
insoluble impurities, however, the nuélei numbe: of the pure
‘substancé'm&y be either fgised or loweféd, btﬁ in both cases
the'maximum’nucléi number remains at aimost the same tempers
ature.

Taméanﬁ showedvthat tge tendency toward syentaneeus
erystallisatioﬁ’at first increased with increasing degrees
of éupercooling, bat it began to decrease. after passiag a
certain temperature which was characteristic of the‘sabstanee;

Therefore, if the substance is cooled very repidly so
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that this temperature is guickly passed, it should be pos-
sible to obtain the substance in the form of an amorphous
solid; i.e., in the form of a glass, since the inner frictisn
_.gre#é:ra§idly ﬁith déereasiﬁg tem?erétﬁ:é;' Ey'this treatment
it shbuld{be'§essible té.ebtain all'suhst&ﬁces in the form
effa g&ass; §armerl§, it was assumed that only nmixtures
“cofild be obtained in this condi tiﬂn | |
’ '1.-§?@m‘aﬂ investigation of 153 substances (18}, Taumann
‘eqneluded'thaﬁfﬁhey ﬁelénge&tevseveral Wholly-éiiferent
'@rauys#@izh}rESpeCt tgfthsir”abiliﬁy tc’unﬁerCQal,ﬂbutizhat
o WﬁtﬁVSﬁfficieéﬁfyirapié'éaeliﬁg,jtheﬂﬁéjbrity“aeu16.§343§§ained
" as glasses,,ﬁevfo&ﬁéth&tfghé{tendency:tc undercool iﬁéfeased |
3 Wi§hf£h§ ﬁam§e§;é£fhy§r¢gylfgr6&§s€ §Ifuthig,is'uﬁivet%éily -
'1trke;ltban it~@bﬂlﬁﬁ36rve as a efitéribn'fnrlmakiﬂé;mixﬁﬁres
Qf’eX§losiveé;whithW@ﬁld héve-the'Qeﬁired'su§Efceﬁliﬁé
properties.} - |
1‘,$t one time it,was’théught that a~regiqn,exzénde&1beiaw
',thevmalting”paint éf &'suhétaﬁee, ealled tﬁe'sphéreﬁéfimeta~
siability, within which nuclei wonld not form speataaeeusly,A
- Tammann has shown, however, that if sufficient time is allowed,
spontaneous crystallisation will take yiaee as cl@ée as 0.4°
té the melting point. - Although he showed that an extensive
metastabiliﬁy did not exist, Tammann said that a metastability

of = few tenths of a degree below the melting point must exist




(28)

because of the ihéreasé/in.the solubility resulting from a
decfease in the partiele size.

The temperature to which the melt was heated before
undercoocling had, as was to be ex?eéted, an sffectvon the number
of nuclei formed. Under otherwise similar conditions, zﬁe
higher the tempefatufe to whieh the melt was heated above its
meltingsyoint; the smaller the nambe?'ef n§c1ei which was
formed on sﬁ§ar¢acliag; |

(I think that this was due to the fact that even:ébeve
the melting,ﬁcini of a sﬁbStanee,"SQme erysta}-laﬁtiees tend‘
to yersist, if not actually as such,'at least as fragments of
-~ lattices, or aé arrangemeﬁts‘af molecules that can rapidly form
a 1attie¢@ Inlqther words, emen though the'arraﬁgemegt of the
molecules in a liquid is suppesed to be random, it is possible
thatﬂés a erystal lattice b£eaks u§; the molecules of whieh
it is farmed-de‘nat méve away from thiir former positions
very qaiclei ‘Aﬁ'theﬁteéﬁeratufebis réised,vhoﬁever, the
kinetic energy of the &eieéules becomésﬂgreater and hence
tﬁey mg#e inte a randem arra§gement_mﬂch more quiékly. From.
this it seems that heating for a long tiue at a lower temper-
‘éture'shdulé have the-sémé'éffeét?eﬁ theinucléi‘ﬁﬁmber as .

A heaéigg{fér s short ﬁimélat a higher'témpératufe;) |
llféaémann éénéidegég that the numﬁéfybf érystaliisaticﬁ

| centres which formeé.éin\a supercooled 1iquid_wasfdireé£;y
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proportional to the time the liguid was supercooled. This

was not confirmed experimentally in all cases, however.

?hefﬁhaage_in Yiscesitg.with Supereaslingi

: ~The.vi3¢asity of @ 1liguid first increases slowly with
increasing supe:éoaliﬁg, and then reaches a critical temperature-
'at'mhich'the rate of increase'meunts rapidly until»ﬁinally a
v,hérﬁ brittlé;giass-ishfermedj‘:ﬁawever, although the viééasity
:in@reases-veryirayidly-with fgllingvtem@erature,{qther.praper-
ties of the ligquid show no abnormal change. Therefore,
Tammang‘felt'justified in considering glasses as undercooled
liquids. -

Tammann noted that in many cases the liguids lest
their mobility exaetly*aﬁ temperatures where the tendency to
form crystals was the greatest. <h other csses, the tendency
towards spontaneous  crystallisation was greatest when ﬁher
melt had become rigid. _Iﬁ still other aasaawthe‘maxixum
 nuc1ei numbér‘aecurrédwat*ﬁemge?atureskfar abevé,the_saftaning
r&ngelgf the glass. fhérefere; for different substances,
%he'greatest‘tea&eney-tawards spontaneous does not lie at
'temyétatures of egqual inner friction. Thi$~means that the
viscosity of the substance is not the oély factor in the
spontanecus formation of nuclei, as is éc be expecteds

Viscosity has, however, a great influence on the for-

mation of the ﬁﬁélein This may be explained as follows;
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The'gréater the viscosity, the more difficult it is
for the molecules to group themselves inte a crystal lattice,
_number
and therefore the smaller the nuclei/becomes. Finally when
the viscosity becomes very great, the crystal lattice can

not be formed and the glass becomes stable, even though,

thermodynamically considered, it is in an unstable state.

‘The Linéar Grisﬁéilisaticn-Valéeityﬁiﬁw?;)

| Bince crystais are many-sided, the C.V. must dépen&'an
the direction in which the»veleeityvis_measuféé,Vbeaaués»if
the €.V. were independentvof ﬁhe direction, then theveryStals
would be bounded by spherical surfaces.

Actually any one crystal form would have different vel-
oecities of grawth depending in which direction from any given
face of the erystal the velocity was measured. However, it
has so far been possible to determine only the greatest C.V.
at any one temperature. This C.V. may be the sum of several'
‘ different velaeities.of‘eéﬁstallisatiaa_

By introdﬁeing~thé'substancerinte a dilatometer and
reading the ehange.in'véluﬁe in a unit of time, a ®three
di@ensienai velacity?twhich would take into account the
,efystallisatian from all faces of the erystai, would be
obtainedg_ But this mebhod is clumsy and unsatisfaetany
dme‘terthe sccurrence of sevéra1~ﬁuclei in the supercooled
: 1iquid, and to the difficulty éf withdrawing the heat of

erystallisation.
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Tgmmann eriticises Gernez*sfaﬂd Qaere‘s conclusions
as to the direct proportionality between the €.¥. and the
| degree of supercooling on the baéis that they had not ex-
tended their measurements to avsﬁfficiént degree of super-
cooling. He Hund ﬁhat the C.V. was indepegdent of the
degfee of supercooling after it~héd exceeded 20 - 309, His
~analysis of the typical behavier of the £€.V. with undercooling
i given below: {see figure 8}

In the range ®a® , 1 - 5° Eelﬁw-the méiﬁing point, few
consistent values for the C.V. can be abtained”due to the growth
of large crystals in directions different from that of the |
axis of the tube, }Thermal'csnvsation.eurreﬁts, or currents.
erising from slight admixtures in the melt kave a great in-
fluence on the §,V. in this range, ®nding te.aecslér&tevit@
Therefore with tubes'ingwhich'eanveetieg'ean easily take place
&relatively:1argevﬂ&§me;er},»ths C.V. will be higher than its
,truefvalﬁag?,@@orefill} found that in the rangefaf diawéters,
1.7 mi}iimatres, the €¢.V. was independent of the diametefi
Tammann found that it was not. |

In the range "b%, about 5 - 3@9 below the meltlng point,-
ithe crystals grew paralle; te the axis 0f‘the tube, andgrow
mostly frsmvthe.endsj so that long erystal fmlaments are fermed.
Furthermeore; they graw alanﬂ the peripherj a? the tube since

the neat is. removed more. qulckly there.
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In the range %c®, however, the cry3ta1s‘fi11 the tubew
In this range, the value of the G.V. is independent of the
bath temperatures, because =z eonstant-ieﬁperature; i«e., the
melting~§aint; prevails at the cfyéﬁallisatien.bﬂundarya 

Tammann said that therewas n@,éiméle eXxplanation for the
a. Y. measured in the ranges %a® aﬁd'#b?a‘because %n copper
ﬁubes which eaﬁ,éenduét-the'heatﬁa§a§7?a§iély; @he mﬁximum
velocity is reached much more quickly; i.e., wzth& less

superceoling. He clalmed taa% with sufflczentl; rapld Wl»hérawal

PRy

of heatﬁ bha maximum canstant veleclty characteristic ef the
substance would be obtalned at the meltznm point of the_
;substancei A{If we assume that this is»passlbla, it really
»diseredits'?ammamn’s own assumption that the meliing Qéiét.
prevails at the s&lid-liqu;é’beundary,:bécause he.sayé that
the faster the heat is takén away, the Sdaner the maximum -
velocity is reached. With such a rapid withdrawal of heat,
>how can tﬂe melting pslnt be reached?}

Tammenn assumed that'the maximum ﬁ:v.'will be reached atv
a superceollng of 20 - 360, anﬁ will remain constant at this
value whlle the . sugercoollng increases o 80° below the melting
point. But he found several exceptions to this; netably ‘
2:4~dinitrophenocl which had not reached its maximum until 4§a;

or-éppraximataly 73° of superceeling.
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The iﬁfluenéé af,adﬁixtures_ugaﬁ the meximal €. V.,

The/equilibriumvtémgeratare of a erystal with its
melt is lowered by the additien of non-isomorphous substances.
Since the reaction ?aiaeity‘cammanly decreases.with,falling :
temperature, a diminutien~é£'the C.V. is to be expected;

Thls was eenfirmed by experiment, . |

| }Sinea eqnamalecular quant1tzaa af aﬁmixturas lewer the
'equilibrium tamgerature mf & erystal ‘and 1ts melt by equi-
_”valent amaunts, equivale&t lewerlng af the a.V by equim@iea~
;ular quaatities was te be exgected, prev1deﬁ that the substaﬁces
_ladded affected the C ?» in ne other Way._ This was faund to

be tﬁe e&sg in some e&ses, but in ethers ﬁhe C. V. Tell belaw
that exyected.

Begajawleﬁski (19) inwﬁstzg&teé the cﬁfn af a number of
pure substances, among them p;cria aeid_an@,2,4~@za1traphenal,
énd a‘feﬁ mix&uresa ﬁis f:ﬁdings agree with ‘those of Tammann.
He faund that the 3.?. af mixtures was very 1rregular. This
‘he ascrlbeé te the faet that the ceneentratian ahanged as one
of 2ﬁe @aM§6ﬂé;w$ erystallised cut,

Later work_on th& C.,.it }“

In 1929 ¥y deubi was cast on Tammann s theery abeut
the temperature sf the baundary between he solzd and su§er~
eaoleé 11@&3& bezng that sf the melting-palnt, By dzreet

; m&asurement, and by a8 mathematieal treatment Pollatsahek {20)
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- showed that the temperature prevailing at the boundary:

solid-supereoocled liquid, was never that of the melting-
point.

- He used a thermo-eleetrie element which was‘plaeed in
the‘tube so that the erystallisation boundary had to pass it.
It was made of vérykthin wire in order that the heat abserbed
by it would not be”#eﬁy*g?sat;~ However, no matter how small
lffthe elemeaiii$¢ same heat will be absarbed»anévsa the'ﬁrua
temperature wlll not be reached. ' Again, if the melting*?éihﬁ-l
is reaaheé 1t cannet last more than an 1nstang and dge ta the
lag of the element will not be recorded. In order to over=
“chmé'this.difficulty, Pollatschek extrapolated his ecurve {sed
figure 9} iﬁ order to get the true temperature "AW. By a
mathematical treatment, he showed that this‘exﬁrapolatian
was Justifiedy butvthe extrapolated temperature was never
thaﬁ of ‘the meltlng—polnt. From this it seems that Tammahnzs
éﬁsumptzan was wrong.

The effect of colloidal substances on the C.¥V.

Freunélieh and @@p&ﬂh&imer (21),/Wor§ing on undercooled
tagueo&s solutions, fauna that cclloldal partlcles wzth a
’5pherlcal-form 1&%@?3@ the C.¥., but that COllOld&l partzcles
with a noa~spharical forns, incﬁeased‘lt. Thsy exﬂlaine& this
by sayln@ that nennspherleal purtlclms had surfaces Whlch

served to- erlentate the molecules of the. supercooled solution.

Henee,;the fermatien of nuelei was favored.
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The ﬁatu;e of Glass

As has_alreadybbeen‘aentioned, Tammann considered that
& glass was merely a supercooled 1iquié with a stability
conferred upon it by virtue of its high viscosity, and not
because there was any fundemental change.

Warren ié?} showed by mesns of X-ray diffraction that
glasskwas,an am@rpheus.sdlid,gnd ﬁheref@re that the term .
$upercaoléd 1iqaié;as appliad to glass was guite esrre@t,‘
although ygssiﬁly'not suitable;:

£hishacew (23), however, said that although X-ray dif=-

‘fraction indicates that glass is an amorphous solid, electron
diffraction indicates a definite existence of very minute crys-

tals. These, of eourse, would seem to be crystal lattices

that héveknaﬁ~had a chance to grow appreeiably. _

Valeﬁkof,qﬁﬂréy; and Koshitz (24) offered evidence that
there 1s not a snarp boundary between the glassy and crygtal~k
llne,states. Thls is appased to ﬁarren s view. (22)

Some time beforﬁ thls X-ray dﬁd electron e71dence was
submltteé,(zn 192?}, Farks and ﬁoffman (29; suggested that a
glass}glght be’a,fpurthvsﬁate of matter, or a collcid anal-
‘pgous Lo a jelly,: They believed that there was a funddwental
dlfference between the glassy and llquld states. Their
beligf was based'on:thg fact that they had found that - ¥is~

cosity, thermal conductivity, and dielectric coustant, viry
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changed very rapidly at approximately the same‘temperature,
although there was no defiﬂite stransition® temperature.

Of the several hypotheses which they prepos&,bl believe X
that the one that best fﬁts in #ith the results found by Shishacow

{23) and Valenkof {24) is the one which assumes that the

‘glass is a colloid; i.e., & gel consisting of but one component.

{en isocolloid.}. This gel consists of two~f9rms’ef the same
substance, one acting as théydispérsing medium, and the_@th&r
as the dispersed phase. This is tantamount to saying that.
collcidal,crystal nuclei are dispersed in a supercooled liguid,

forming a gel. The changes in the properties of the substance

' which were fauﬁd,by Parks and Hoffmen would then be colloidal

phenomena of some sort. If this is the true explanation, then

/

Teammann's fandamental assumption that a glass is a supercooled

- liguid has not been materially altered. In faét, ealling gia5$

a supercooled liguid is probably more satisfactory than calling

it a gel.
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The General Plangafzthe Tork.

In order to 1nvest1gatevthe mlxture called ”shellite§
it seemed desirable that the exaet eutectic composition of
the mixture should be debermingd first. Thus a mixture
éeuldxbe obtained which would melt cmmpletely, or almost
 completely, at one Fixed temperature. Bagajawlensk& (2}
had already 1nvestigated the system; but since the @rigln&l
references was unebtaanable, it was éesirable ta eheck the
values he obtained. This was done by two different metheés,
Once the eutectic eemgéSitien was éetérmined, the effect
on its properties of adding a third-e@mp@nemgi,was tfied.
Siﬂee we thought that viscesity would be the main factor

in determining %ﬁe erystallisation weloeity, and hence the

rate of solidification in a she; %%eiminatians.éf.v153ﬂs~
ity and density were done en}the pure sﬁbsﬁaﬂeés.ané séieral
mixtﬁres@ in order to have a‘quéntihative measurement of the
saitabilityVof thesé mixﬁﬁres, maésurements ef er%sﬁallisatiou

veloeity were also made. ,

One of the most promising substances for using as a third

¢

component was suggested b% Er. Aﬁ.ﬁ, E&mﬁb@llb‘ He suggested
that since nitro-cotton of low nitratien {eollogdion) dlSSGl?@d
to very viscous solutions qnd'wasjitself an explasive? the
addition of it might inerease the vngaﬁiﬁy of the shellite
sufficiently for the €.V. to be greatly reduced, br'evén.b?ought

to zero. ‘The'viséeus liguid, eor glass, obgaiﬁed would then -
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eool completely before it solidified.

Only the highly nitrated cotton used Tor manufacturing
#cordite” was obtainable however. This was used in lieu of
the collodien, although it is not aa sqlumé as eeligsdi%aﬁ.
¥ery.viseous solution of the nitro-cotion in the shellite
were obtained with as little as 5% of the gun-cotton. The
;desireé.reéuetien in %he ¢.v. was éat obtained, héwevef;

This method was then abandoned. |
 Another metheé of attack was suggesteé by the‘wark of
Morey {29)10n glasses. ﬁé pointed out that an ordinary glass

(in fact all g}asSes) devitrifies or erystallises=belﬂw a -
certain tsmperatura, bui not sbeve it. This is really the
melting~point éf‘ths mixture of substances from which ﬁhe'glags
is made, althaugh;aﬁrthis{teﬁyeratﬁre the giaSS may be very
visqgus erieveﬂ rigid. Bome glassesvéasily devitrify, others
de aat; He said that any successful composition for a glass
must have, amang,ather_thgggs, a high viéeasiﬁy at its_liqﬂiéﬁs
;emperature‘in order £h§t erystal nueclei Qillknot bs-éble to |
grow and thenby eause’the g1ass to devitrify.

An hypothetical ilinétratian will iilﬁstxate how this
viscosity can be ghiaipedz |
“ Let uvs say that a glaés consiating of two éamgaﬁepts has
an'eutecﬁie temperature of 800°. Its viscasity.is consider-

able yet not sufficient to pre?ent'grystallisatianxfram,st&rtn
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ing as the temperature drops below 800°. However, if it
ecan be gquickly cooled to 79@?, the viscesity will now be

increased so greatly (dué)tg,tﬁe_lewered'teM@eraﬁura& that

 the ¢rystallisatipn ean not proceed. Rapid cooling Woﬁld
give a,g&ass in this éase, but it would be an uneertain
and dsz:cult procedure.

ﬁerey saié that by aédlng as 1itﬁle as 1 ~5% of anather

campeﬁent, mlscxble with th& athar*twe, the euteetlc temper~
: ature could be lowered as mueh as 1@@@ Our glass, after the
‘ aéditieﬂ af such & third camﬁﬂnent eeﬁld ha»eacled to 7@@9
without any erystalliisation bﬁlng‘pGSSlblej' Belaw 700°,  the
,increaseé viscosity, theh would be little affecﬁeé by the
addiﬁian of the third component, would pre#ént.the growth of
;erys§&1~ﬁueleitb A!stable?glass}mnuld'ﬁhasfba‘ﬂb%aineé without
'réséurS@_te»?apid.ensiing, |

I th@ught that by aﬁéing a third cemponent (ﬂet a ﬁ61101da1

Vcne lzke nltra-eeiten) ta shelllte, semewhat the same effect

. ‘should take place. ﬁ;th a greatly ﬁam;nishea Vs, the explosive
could be kept as & liquid until it had completely cooled.

Dr. Campbell suggested that T.N.T. would be a suitable

third component. The system Picric Acid~ T.N.T. had already
@) |
been determined {30, 31}, leaving the systems: T..T.- dinitro-
phenol and picrie acid~THT~dinitrophenol, to be determined.

The determiﬁatieh‘af'ﬁﬁéée éyétems and their froperties

constituted the rest of the %erk andertaken. ' -
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Beseription and Use of the Apparatus.

~

Thermometers:

The various thermometers which were used were each com~

pared with s standard thermometer, and the correctiom o be
‘applied to thelr resdings were determined. In some ceses the
eorrections were negligible and were ignored. However, the

yalues given in the werious table can be considered to be

gorrect within the experisental error.

¥Yiscosimeters.

fwo of these were made from herd glass tubing. They
were slightly ma&if&a&.ﬁ&ﬁﬁ&iﬁ viscometers designed to hold
about two a&&iﬁ centimeters of the liquid to be messured.
Anilins g&ﬁ'éﬁaﬁ to calibrate the one with tﬁ% leﬁgér *run®
‘ﬁima, while a mixture of zha:@xyi%éﬁ?a ﬁhﬂﬁé viaaﬁgitg was ” é
known was a&a& to §§1i§§$§$ $ﬁ@-§%%$$ﬁ This latter one was |

used for the viscosity of the g&@graaa&a& ligpids in order

that %%&'zaakﬁiﬁg.wauié‘aﬁt be exeessive. 4 a&th#tg&&t&r

was used to follow the @yﬁgfﬁas of the liquid iﬁ the viscometer,

Specific Grevity Bottle,

This was uade from hérﬁwgiﬁﬁﬁ tubing and regenb)
ﬁrﬁin&yy-gyaaifie gxﬁx&%y bottie. its yolume, hosever, was
‘enly 1 - 2 cc. This voluwe was determined by celibration

with sniiine &ﬁé.ﬁwr&ﬁ§§ ﬁ§ t@éfﬁ?&#ar&%&r& &t ghich 1%t wes

Fd

used. The @%ﬁgﬁr7waﬁ ﬁaﬁ@,?%é% E&%ﬁll&£§ tubing 3o allow
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excess liquid to escape, while preventing evaporation.

Yelocity of Crystallisation Apparstus.

. This was made frﬂm hard glass, wide walled, eapillary
tubing of 1-2 mm'interﬁai diameter. Zt was bsnt in the stand~
érd 3¥£ﬁ§é éhapé aﬁd was»fittéd'with widevglassﬁtubimg on one
farm te facilitate filllag wath the llquxa tﬁ be supereeoled.

: Inaeulatien of %he sapercealeé lzqaid wita the sel:d phase

was carrieé out on thls szde., The ether arm ef the tube Was
termlnate& by smaller tubing. This allawed 8 water>pump to
:be attached $o the a@paratus for rapld em@tying and claanlng.
The length of @na arm was ahaut twelve centlmeters*

| The apparatus was held vartically 1n the tﬁarm@stat by
'means of a elampwv A eatheﬁameter gla@ed seme dlstance away
was used to measure tﬁe dzstance th@ crystalllsatzan had
vpr@gressed.&ewn the one -arm durlng a certaxn tlme. The ecathet-
@meter raaeréad ta ﬁ;l mm by means ef a vernmar¢ |

The flrst maasuremant af the 6’V. were takeﬁ by no%lng
the time takan far the crystalllsatzan to mragress fram ane
mark on the a;dewtube to an@ther ten aentlmeters away.' Thls
was satisfaetery if spentaneeu5 @rystalllsatlon did not take
place. VWhen spontaneaus crystalllsatlan &1& take ylace, it
'was fcﬁnd to be more satlsfaetary to f@ll@W‘the §ragress of

crystalllsatian.fram ﬁne sp@utane@usly induced nacleus,by means'

of the cathetpmeter@ The bulkvgf_theumeasnremen%s were done

this ways
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?hermcstat {see plate 1.)

‘ This consisted of a large glass beaker in which an
electric heater, which might only be & cylindrical light bulb,
6?'5 100 watt or 75@ watt heater;'éeéending on the ﬁémperatﬁre
reqnireé, a xylsne{mércgry regglater, an electriec stirrer, and
& thermometer were inserted. 'Tgis left sufficient room forvthe
apyéréﬁaé(whieﬁ was:te be*kept~é£ aensfant‘tééperaturé;~The
 fegu1atgr>ag%uatéd a relay which in turn centrelled_thé heater
: eur?eﬁt~ . o | - | o :

' The first ligquid used in the beaker was ?aréffin 0il, but
.it'was;fcﬁmd ta'he-unsaitable due to its rayiﬁVQér%eﬁing at the
_ tﬁmﬁeiéﬁaréS'empleyed. .A;véry aencentrataé 3e1ﬁt£0n §f €aG1é
in ﬁate_r éas found to be suitable because it did not boil even
ét 14@?  At temperatures 5@1&% 90°, pure water was uéed because
the Catl, 501u£i9ﬁ'erystailisedb A layerlaf>garaffin oil on
the‘surf&ee-ef-the sélu;ian'préventeé'iaa rapid evapuratieﬁ of
the wéter. o ~ L
S At 1309 the therﬁéégét"remaiﬁed eansﬁant'ta’abautfﬁhé'Sa.

At temperatures nearer room temperature, the constancy was

much better, beingﬂi 0.2° or less.

?haw—gaint, Eeltiﬁg»poiat ?arnae§,‘iseerplate 2) . (2¢)

This consisted of a heavy ecylinder of brass with a central
opening for the thamometer and melting-point tube. At right

angles to this central opening and at 45° to one another, tweo
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holes were drilled in the side of the cylinder. One of these
served to let a source of light illuminate the meltiﬁg~poinﬁ
tﬁbe; the other wms used for observation.‘ The source Qf'light
and a magnif¥ing giésé tavfaeilizaﬁe the observations were
mounted on the same stand. The brass ejliﬁder was'eévered with
a‘layer efiasbeﬁb@s‘péper;:waﬁhd'with'nichrame wire a2 seecond
1ayer of asbest@s payer, and a second 1ayer of nichreme wire.
_The tws Wira Windlngs were conneete& in series; ané the furnace
was fznally cavered Wi th several 1ayers of asbest@s payer, using
water gla&s as an adhesive. | ‘ | |

CIn Qrdar ts aentrel the temyerature of tﬁe furn&ce,‘sevefal
‘ rhéast&tﬁ were placed 1; sermes Wlth it. .The temperature eemld
then be kept c@nstai, oF could ba slewly raased or lowered.

The circnzﬁ mas cennected ta 11@ valts &.ﬁ.

. ?reezmng«yeant:Furnaeei {see Dlate 39

This was used in determ?ning caaling curves.” It was con-
stéucted of glass tublng weund #;th asbastas paper and nlchrame
wire. Slit xxn&ews ‘were left on Gppesite 31des af the apparatus
(ane is shawn in fxgure 3.} in order that a seuree of llght
might be.shene.through one 1n_eréer'te allawylnsyectlpn ef the
mglt‘thrﬁuéh the"e%ﬁeril' | ‘

The miXture'being;iﬁvestigated was eantaiﬁad‘iﬁ"a:har&
glass test t&ﬁe in which a stirrer and é;ﬁhermeéeter Wéfe placed
.aléng witﬁ the mixture. The tube was placed eentrally in the

furnace by wmeans of a rubber stopper. Thus it was surrauaded
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| by an air sgaee.and did not come in direet'cantaetﬁwith ihe
furnsce. | |

In order to control the temperature of the furnace, the
furnace winding was put in series with two rheostats, the
whole cireuit was then connected to 1Z0 Volts m.c. One of the
rheostals was marked direetly in temperatures of the interior
of the furnéeea This had beeé,&ate:miﬂeé~by a separaied ex-
geriment*. ?ﬁué,byasetting-zhe theastat; the;tempsrature;af;ﬁhe
furnace could be brought to the,éesired'Valu34

Thg gsual‘méﬁhed'af datermining,a‘ceaiing.éurve,is to

place the hot liguid, contained in a test-tube, into an air-
space éurrguﬁdeé‘by‘a watér er oil bath at a eonstant tempera~
ture belaw-theAmeltiﬁé point of the.mixﬁure~‘”?ﬁe;temperétmre
- of the llqnid is ﬁaken every mlnuta, or haf mlnute, and a graph
is plotted of temperature agalnst tlme. The curve ebtalna&

f_called ﬂewtsn*a eeallng curve, is hyperballc in form. 'Freezingﬁ

 ‘ :ne1nts show up on such a earve as a Jog or d;seontinulty, but

1f the heat effect is small, or if it takes place when the

loss of heat is rayid there may be no netlceable ézscantlauity.‘
This difficulty is overcome by keeping_a constant difference

of temperature %e%wﬁen the-eeeling,badyyaﬁd;itslsurraundingsi

& straight 11ne‘is thus,abtainad, and éiséontinaitias due to

small heat effects readily show up. This is ¥Plato's method®.

It is effected, in this case, by &eereasing the temperature of
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the furnace by a§§foximaﬁe;y equal smounts at inter?als of
time frgm one to five minutes. The temperature is decreasgd
by increasing the external resistance. The hot liguid then
cools at a constant rate, the rate of cooling degending on
the difference 0f temperature between the hbt liqnié.and its
sufraundings@ By keeping a difference of temperature of 5-10°
bétween the hot body and the farnaee,.a'cgeling rate\0f Q§1§
per éimage,is abtained*i #ith sueh a'slaw rate, heat éffécts
were readily obtained fer‘the binary systems, but net far'tﬁe
ternary system. This was due to the exeaédingiy slow evolutigﬂ
of heat by the azyst&llisgﬁﬁsn;af the terﬁary?'which in turn

was due to the slow rate Gf'erystallisatiana
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Experimental Procedures

The System: Picric Acid -,2:4~dinitrophenel

1. By the Thaw-point, leltingpoint method.

since this is a semi~-micro method, it was thought that
it wonld be a suitable method for determining explosive

systémsi

in this determination, the picric acid and 2:4-dinitro-

‘phenol werevuéad-as supplied.

Hixtures of about one gram each, represea&ing 0, 10, ete.,
up‘te-lﬁﬁg pleric acid, were made up, nmelted t¢ a‘hmegeﬁeau$,>
mixture on the watef,bath, rapidly eosled with stirring to
obtain & homogeneous solid, and finally pulverized in an agate
mogtar. A uniform wix was thus obtained.

 ”§$1%§@§~§@1&% tubes were then filled to a depth of about
4 millimetres with the powdered mixture, a thin glass stirring
rod wes then introduced, and the3minigture'ayparatus.was then

heated in the melting-point furnace, described above. (see plate 2)

. The first noticeable appearance of melting was taken as
the softening er~£haw¢§®intj This was determined by means of

the stirring rod as weli:és~by visual observation. The tempers

ature at which the last erystal in the iiquié-disappéareé=was
taken as the melting-point. In order i@-ensare accuraey, the
temperature of the furnace was raised at the rate of one degree

every three minutes, or even sloweps
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The values for the softening and melting-points are given

in table 1, and plotted in figure 10. The deduction of the

eutectie values for temperature and composition is given below

the table.

Since the values obtained were not in agreement with
those feuné by Bogogawlenski the éystem was redetermlned by
the fallew1ng metheod; |

,-2,,31 th@;?:eezing*pg;ﬁa method.

Fot this aﬁd~$ubseqaeﬁﬁ det@rminatian$,:picric acid and -
dinitrophenol which had been recrystallised twice fremﬁﬁ@ﬁ,
water, and dried on a water bath and ih a sulphuri¢,asid-
dessicator; were used. |

| Twenty grams of pure pieric acid were introduced inta a
hard glass test tube, melted and heatéd to about 10-20° above
its meiting~péint, and then glaee in the freazing%yeint;fﬁrnaee
{see plate 3) wniéh was kept at about 10° beimw'thé'malting
p@iﬂti. The;eq§1ing curve was then determiﬁgﬁliﬁzthefmanaér
deseribedfaéeve, and frémxthis eurve the freéZEﬂgwéaiﬁt.wés
obtained. A similar procedure was carried éutvén ?ariaés
mixtures up té 5@%rpiéricVaeid, but for the mixtures the
- entectie temgeratnre was also determlneé.‘:The mixtures were

made byAadding the required ameunt of dinitrophenol to the
twenty grams of pierie acid already in the test tube. This

was then repeated, starting with ggge dinitrephenel and adding
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the reguired awmounts of picric aeid, up to 50%.
As a check on the freezing-points which Wére'taken‘as:

the highest temperatures of several determinations far_eaeh

- mixture, the point where'cryétais first appeared iﬁ«thévliquid

{seen through the window) was alsa.recgrded‘ If the visual
and coeliég curve values did not agree, the higher éf the two
was t&kénu~iThis wes usually the temperature abtainédvat.the
appearance of the erystals because these usually appeared
befare.the cooling curve showed & halt. The heat liberataé“
by the crystallisation was not sufficient, even at the slow
rate of ceoliag’em§1oyed, to raise the ta@perature to the
true freezing-point, in many ecases.

- The values obtained by this ﬁeth@d are given in table
2 (a) and are plotted in figure 11. The ded&cti@ns £ramvthev
eurve are given below the table.

In tablévﬁ £b)‘§egeiawleaski?a,and my resultis aré_givan.

3. The system: Trinitrateluene.-p2;4;fdinitr@pheaal‘by_the

freezing-point method.

A simil&rupraeeduré te that follewed for picric acid -
dinitrophencl was usedﬁ? >?h& values ebtained for the freez-
ing and euteetie'pﬁin%s‘a:e given in“tableVB and plotted in
figure 12. Deductioné from the curve are given below the

table.
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4. Tﬁe.sysﬁem: Pierie acid - Trinitrotoluene.

' Phis systen ﬁas not done by me. The values given~in table
4 {a) are those of Taylei and Einkambaeh.(30} who used the
erdinary Hewton csaling curve method, but who feund the temper«
ature of freezing by éxtrapolatien back te the GriginalfcurVei

The values glven in table 4 (b) are those found by Guia {31).

- His mathad was to take the temperature of 1ﬂltl&1 crystallxsatian¢

511 ﬁhese“resﬂlts-are-givan kﬁfi&gﬁp§_13$ From the,figure it
ean éasiiy ﬁe sééﬂ thgt Téyief;énévﬁiakémbaeh‘s reaultévare,
more eonsistent, ThErefaré tﬁe curve is drawn ﬁhraugﬁftheir
resu1€s~aaé ﬁhe-aﬁgeetie‘cs@péﬁitiéé and tem@eratﬁree@g'ééduaed

from 1%. o .

5. T&e systems. ?icric a@ld - Gnn catton. aﬁ@z 

E&nitreeheﬂel - Gun eaﬁtsnﬁ, S

The melt:ng~§eints of varleus mzxtures in‘glven 1# table‘ﬁ.

The gua cﬁtten was incarperateé in the dinxtraphenel by heatlng
1t in the“maiben dinitr@phenel for'ene haur aﬁ 13G° | After thls
o iime,'na zun. cﬂtten was deﬁected in Ehe mlxture by examlnatlea

uunder the polar1s1ng\mlcrescepe f@r tne 1% mixture, but gun
cotten was still.gf;sent in the form of threads in the 10%
m&xture., in makinw the gun cetten« picrlc aclé mlxture, thé
requireé quantlties were élssslve& in acetone ﬁa secure a
hcmegeaeaus mlxmurei The aeetene was tﬁen evaporated off,

and the resultlng mzxﬁure was heaﬁed at 130° for ene haur

in omier to get rid af’as much acetone as possible. Althaugh
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all the acetone should gome'éff‘aﬁave its boiling-point,
(5601 it seems to be held by the visecous gun~cotton solutions.

6: The system: Picric acid - D¥p - THT. {see figure 14.)

- The ap§raximate comyaét:on of this s;s%em was faund by

assumzn that the sutectic trﬂughs were straight and could -
be represented by drawing straig%t lines f¢0m -one Fure cem~’ 
'paﬁent te;ﬁhe,euteet;e,eampesiﬁien af»%ha,aﬁher~tw&~¢cmpenent5a
The three lines thus drawn met in a small triangle (see Pig. 14)
@ue‘af.the ﬁeimﬁs:efvthis trianglevwaul&;it wéﬁlhéﬁédﬁ‘éé the |
7§ernary‘eampasitﬁon,orvat least not far from it. Tﬁen&p@?ax~
iéate»ternary'mﬁltinaa@sin%»Was determined by the mieré method,
but beth the freezingwyaiﬂt and melting-point methsds were used
1nsdetarmlnlmgvghe syst&mj It wasiBund, howeverm that aw&ng
‘ te»the-excee@ingiy<slgwlgrawth'ef*hha<erystals* g%ggﬁreegmagw
point method did not give & &efiﬁits_hééx affegt; e?am-with‘the ,
siﬁw ratefer«eaalimg‘empl@yedy unti1,m&éyaﬁegféés;&ffﬁr'the.~
fixstwaygearaﬂéggﬁf:éfysﬁé;s*',Therefcre'cnly.ﬁﬁefvisgal de@eru'
'_miﬁﬁtisﬁs werE.eahsiﬁerééféeﬁura@e-enaagh.ta;be &ég@;£ 1  

- The eampasitien; re@resehted by the @eiﬁts.ef”théziriaﬁgle
meracfirstuinVestigatéd, Bince it was faund that polnt 1 was
o hlgher than 2 and 3, and thaﬁ ymznt 3 had & nlgher &81ﬁ13g~@61ﬂﬁ"
than 2, 1zuwa$vtheught-that the euteéctic would be found along
the line AB in the direction 4 -» Ba Several determinations were
then made alang thisv1iﬂ@ £4,§$6,}@ The 1@west«@ne:§ié‘aﬁt~

rfhgve-a melting point esineideﬁt‘mith that found for the ternary
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eutectic by hhe(thaW&paiét of various‘af these mixtures.
Therefore, although this point (point £ on thé graph},, must

be on a eutectic trough since the compositions on both sides

of it have higher melting-points, it‘was not the ternary.

The supposed auteétie trough, ﬁ@Lyasfthaﬁ drawn and the melﬁing
points of éaméesitians en.this line Qn'bathvsideﬁrof G were
 determined. '#@*'hawaver, was the lowest meliing éémﬁasiﬁi@ﬂe‘
~and was eallﬁd:%hglterna:y ggteetie,,s%ngé it was not thaughi

worth~while to make further determinations. This ®ternary®

was then used for further experiments. 41l the values obtained |

for the system are given in table 6.

-~

7;,Eangitiegw | |
- ?hé speeific gravity bétﬁlﬁ filled with the explosive
‘mixture to be me&éﬁfed.ﬁaélallawéd,te}Stané,f@r abaut~teﬁ}
miﬁu%es in the thermostat gieﬁs'time WaszallaﬁeéyferfmiXtureé‘
which wara atlgempergtures reprgsenﬁiag supercooling of the
mixtureai,‘ag.ﬁheend @f'nh;s time the stopper was ?uz'im’
excess liguid was xeméveé by means of shreds of filter'papér;
and the bgﬁtlelwas éried and weighedﬁ i?he values obtained
ﬁe:e:used iﬁ ée%ermining ?is¢asi£iest‘Eor hixtures, the
‘_ temperature of the determination was approximately téﬁ.
degrees above iﬁskm@ltiﬂgngointfy
The values iafghe eomplete sysﬁﬁm;,yier10~aeid - dinﬁtra-'

~ phenol at 130° are given in table 7 {a) along with the




{52)

" the equation deduced frém the data by the method ef,averageSz
The exper;ment&l and calealated values are pletted in fig. 15‘

in tables ? (b Cy d}; the denszties of varleus ether

mixtures are givenf

8. Visﬁasitiés, |

The vise@slty and fluzdity { z.l/?lseoslty} for the system
‘\nplerze aclé - éinztragaenel WEre determxned. The-r@sults are |
given in table 8 {a}« The visceszty varsus weight per aent of
'  plcrzc acld is pl@tteé in fignre 1& and the fluadity versus
male per cent ef’picrzc aeld 1s platte& in figare l?.w

The ?iseoszty of varieus mlxtures at varaaus tempe

s ,gim in table 8 _{_b.)»‘

‘ln table 8 (=f, tha v1s¢aszty ef the ternary eutectic at

‘ _varieus degrees ef snpereeellng 1s glven. These yalugavars
,(platted in fugﬂre 8. |

9. ??13@&%3 of f@;stalllsatlea‘

@w1ng ta ay@ntaﬂe@us cryst&llisatlen, it was feund in-
:@assible to failaw'the velaclty af erystalllsatien of pure
@ierie'aeid.ané pure dinitrephanel t6 many dagrées of super=
cooling. The resalts obtained hewever, agree clesely with
those faun& by Bogajawlenskz {19) ‘These are given in table
9 {a), and are plotted in flgnre 19.

vrhe ¢.V. for T§?7had m@t,,as far as I know, been done

before. By f@llﬁﬁingwéneﬁé?antaneausly_indueeé nucleds with
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a cathetometer, it was found to be possible to extend the
measurements to room temperature. The results are given in

table 9 {b) and are plotted in figure 19.

If the G.V. haﬁ beeny determined by fbllowing the progress
of the cryétallisaﬁion betwesn Tixed marks on the tube, ag it
had been for pleric acie and d;altraphenol, it would not have

~been poss&ble to extend the measurements on TET to as many

" degrees of supercobling. Therefare, 1t,$eem8'that pierie acid
and dinitrophensl could have been more fully'determined hy
following s@ﬁﬁ%aﬁeg&siy indueéd nuélei as was done with TNT.
The égﬁs'ferjﬁé%jpicrié acid + 0%, 1%, and 3% gun cotton
in the)sysiéﬁ pieric écid_n diﬁitfephenﬁlvare given in table § (@)
and plotted in figure ?0 ‘The €.V. for a 60% picric am
mixture are given in téble 9 (e}
. ?ﬁa‘%eia&ity.fat ﬁhe eﬁteéﬁic'caﬁéééitien éﬁ the system:
'BﬁP ~ THT is given in table 9 (e), Whlle the values f@r tha

'ternary autectie are. gzv&n in table 9 (f}

A ‘aumber of these curves are plotted in flgure 21,» This.'

'_Was done in eréer that tha'vgpgaus*mlgﬁﬂres could be coupared.
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DATA:

Table 1. The system: picric acid - dinitraphenol, by the
' thaw=point, melting-point methed.

Softening | &elting 
point.. ‘ point.

109.0° ©111.5°

737 108.0

4.8 i§3;2,“' 
\‘.,§21¢6 by #.P methéd ‘none  §5@?}
| 33.4 10 95.6
39.6 R 7205 92.7
40.4 - T6.2 | 91.6 .
L_(game Qiﬁ.bg.?,?, 76?@:&mte¢tie Séu3)
s 13 | 86.7
0.0 — _  82.0
60.5 . T 2
61.5  ff'_  %5.4_ | 'f_ 837
69.6 T2 93.4
80. 2 | g5 105.5
88.5 S 723 13L.5
100.0 | 119.0 . 121.0
The.eateetic temperature indiéaﬁéd by the thaw-points is

approximately 74%; by the ordinary cooling curve, it is 76°,
‘and from the graph (fig. 10), it is 81°. ¥rom the graph, the
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cempesztien ef the eutectic was 59% chric acid. 4 60%

mixture was tﬂeaght to be close enough fer making tests‘

?ablei2;{a}  Th ,system. pieric aﬁid - dlnltr@nhenal by

ths. freezing~peint metﬁ@d. (see fiﬂare 11)

Gomposition _ Ehtecﬁie - Freezing
% pierie A halt pelnt,

0.0 e o .9

10,0 e aom3

20.0 - | 102.0
30.0 | 384 959
0.0 - 78.5 88.0

50.0  78.6 ~ sL.0

40.0 o 79.3 | 90.2
50.0 | 78.8 809
5.0 79.2 | S
60.0 - 790 80.8

70.0 ~ 79.1 92.5

' 9::{3.{} i o 1311.7

100.0 | J— 120.7

‘The,euteétie,campositian and temperature from the graph
(figure 11} are: 256.5% pieric acid and 79.8%. a4 55% mixture
was used for making the tests. These values ware'thgaght x£

to be more relisble and were used instead @f~thosé’fsuné by
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by the ethér‘methadw The eutectie composition and temperature
for this system, as determined by Rogojawlenski and myself, are

_given in the following tali:

Table 2 (b); ‘@he eu%eatié temperature and eempesitioﬁ of the
| system, picrze acid = dinltrephensl.

éﬁsérvﬁr’ - Method Melting~point Composition
o - " wt. % pieric.

Pritchard = M.P. (micro)  74.0 observed  59.0
” 81.0 from graph.

" EQ?, {maero) ?9.3-{highest) 56.5

’Table‘ﬁg k?hé'sysﬁemr TET «f3§P by the freeZiﬁg~pa$§$“me%hédq

Composition 'Euteetief gr@@Zingé Hethod used te
- % DEp helt =~ peint  find

0.0 - 80.1 neat’effact;

20.0 62. 4 67.7 " !

30.0 2.7  64.0 heat and visual

40,0 62,7 137 vlsual
, T34 heat effect.

50.0 ' - 34.73 visual
, 83.6 heat effect

.......

: —— B4.7 heat and visual

60.0 - 91. 4 visual
~ - 81.2 heat effeect
70.0 m——— 97.4 visual
Ll : - 97.1 - heat effect
80.0 e 102.6 visual
o 102.1 heat effect
- 96.0 s 107.0 visual and heat .

100.0 Cmeem 11102 . heat effect.
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These values are pioﬁted in Tigure 12. From this graph,
the euteetic3temperature and composition is given as: 62.7°
and 28% by weight of dinitrophenol.

Teble 4 {(a) ‘Phe system: pieric acid - TNT {literature values)

ﬁnmpdéition
% pierie

1@9.@6
80.03
60.09
50. 08
 40.09
33.70
30. 20
25,24
©19.99
19;45

: ’ﬂ"',-ﬂ.éﬁv

The above results are those of Taylor and Rinkenbach {30].

(571

nalt

A -y

59.8

59.4

oy -

.- - Y

They afe plotted in figure 13.

Butecetic

9.8

Freezing~point

{by extrapolation)
121.8
106.7
28955
78.85
66.73
' 65.35
68.4
74:35

. 80.27

Guia's results are given below in tablé 4 (b);
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Table 4 {b}. Same system. Aléd'pletted in figure 33.

Composition o Eﬁtéctic - Freezing-point
% picric » halt {initial eryst.)

0.0 e 180.6
5,53 B 769
12,38 —e- 727
20,57 e 66.2 o
26.97 -56.0  60.0
35.3L 0 55.4 - s 57.5
41,91 s5.4 67.5
45.56 ‘ ‘: '55.3"f~,‘ 1.7
45.95 S B6.0 7 69.0
52.62 - 55.3 | 77.0
63.12 ——  86.1
68.69 | e 90. 2
74,34 S — 99. 5
89. 90 ,,i —— 111.2
100.00 R— BT
Tayle% and.Riakénbae?fs resulﬁs‘cén be seen to be better
than those of Guia from the graph. (figure 13.) Therefore,
thé eﬁtééﬁic compositienvéﬁd ﬁemperatﬁre were deduced from
their reéults. These values are 34ﬁ picric and 59.86. The
values used in plotting the te?naiy, however, were those given
by the “éritieal Tables®.  These Weré: 59.7° and 36 mole per |

cent (or 36.2 weight ¢) of pieric acid.
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Table 5. The effect of gun cotton on the meliting~point.

Composition
DRP aléne
P + 1% G.cC.
~ DNP + 10% G.C.
Picrie)acid alone

Pieric + 5% G.C.

Melting-point.

111.5

112.0

118 - 122

120.5 - 121.0

?he:viscesity‘of the mixtures prevented;aeguraﬁe

determinations, but it was conelg&a& that in the concen-

trations of guﬁtcﬁiﬁéﬁ that-ware‘ﬁséd;-thare was no meés&rabla

-effegt.

ggbié 6. The system: piecric acid - DWP - THT, (see -fig.14.)

Humber on

',Go@pﬁsiﬁioni Ternary delting-

graph picric THT DHP eutectic  peint

1

2

ST T SE

.28

29

._21"
31

same

‘3Q 

27

32

50 22 45.4

51 20  45.7 - 47.0
same . 40.6%
52,5 20.5 45.6
56 13 —-m-
proport.l5 ————

53 17 ———

55 18 —

same proportions

52.5
49.2

46.8

52.5

49.3

48.5

49.5

- 51.0

Method

~micro
miero
}maﬁra-ﬁheat} g
aiore
macro {visual)

w #

L3 ®

the éaﬁyésﬁtien of the ternary wés taken as that of

number 6: 30% pieric, 53% TNT, snd 174 DNP. The true

ternary temperature was t&ken as 45 -46, not 48.5.
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Teble 7 (&) Density of the System; picfic acid - dinitrophenol,
at 130°. (see Tigure 15)

Composition Bensity
" % pieric - gmfee.

0.00 ' 1.445
6.49 1.455
14.63 1.438

19.92 1.470

' 26.50 1.480

%'49@36 1.502
47,20 1.506

 61@5@Mma” B | 1;533y”
74.06 1.555
81.50 | 1.572

©91.55 1.603

- 100.00  1.614 |
The equatibn deduced f:em the‘abave, by the method of

averages isi

3 6

D}P= 1.445 + 1.078 x 10™7p + 6.24 x 10752

where D = the dénéiiy,’and P m-weight‘% pieric aeid.

Table 7 {(b) Density of some mixtures of the abOVevsysﬁem

at 90°.

Composition Density
% pierie ga/ec.

60% | : 1.58
559 1.54

55% + 5% G.C. 1.54 {gun cotton has little
o ' effect, if any.)
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Teble 7 {c). BEutectic composition of TNT - DNP (28% DNP)

Density at 72.8° = 1.47

Table 7 (4). Density of the ternary composition.

' Temperature -Eeﬁéit§;
56.0 - 1.54
26.0 . 1.56

Table 8 (a). Viscoéity of the system: Picric acid - DEP

at;13@° (see figures 16 & 17)
Qempdsiti@n Vigseosity in Fluiéity.a
Wt-% pierie Hole % pieric centipoises 1/viseosity.
0.0 0.0 2,64 0.379
10.0 | 819 . ‘ 293 0.342
20.0 16.72 . 322 0.311
30.0 _ 25.62 | _3.71 0.269
46.9; 34,90 »4;25  0.235
50.0 44,54 485 0.206
60.0 54.64 5.73 0.175

70.0 65.21 6.74 0.148

80.0 7620 8.04 ~ 0.124
90.0 87.80 9.68 0.103

100.0 100.00 11.78 . 0.085

T&ble’8 (b}

System . Composition  Temperature Viscosity in C
- centipoises.

pieric-DNP 60% piecric 800 S 17.96

® 55% # 90 | 15.14

» . - 55% + 1% G@. 90 113.7 .

- * + 5% GC. %0 acts like glue
THT - DHP 28% DNP 72.8 12.96
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Teble 8 {c¢). Viscosity ofvTernaryleut§Ctic from aspproximately

10 degrees above to' 20 degrees below its M.P.
Temperature ~Viscosity in centipoises.
56 o aes
51 e
46 - 86.5
41 124.2
56 180.2
31’ ' 2906.0
26  470.0
0 |  26,600.0 (not a true
' viscosity due to stieking to
the sides of the viscosimeter:)
These values‘aré"plotted in fig&xe 18.

- Table 9 {a}. valéeity of Crystallisation of pierie aeid and

2:4—dinitraphanol.

Picrie Acid.

Temperaﬁ&re Begrees”bf_, ?elééity in'mm/minuté With

Supercooling Bogojawlenski. Priteharég.éﬁn'eettanf

1110 | 12 a4z 366't18
100 ‘22_4;;:,A 681 |

95 27 L 185

90 32 811
85 . 37 L‘sss
| 89 . 42 858

Binitrophenol

160 - 12.8  6.35 .52 5.8

90 22.8 . 16.2 8.0 15.3
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Dinitrophenol (con't)

Temwperature  Degrees of  Velocity in mm/min.
supercooling Bogojawlenskl Pritchard.

80 . 32.8 30. 3 35.4
70 2.8 55.7 |
60 52.8  76.8
50 . 62.8 . ss2
50 72.8  88.3

All the above values arefplatte& in kzk figure 19.

Table 9 {b]. C.V. for T.N.T.

Temperature Degrees of = Velocity in
: Bupereoocling mm/minute.
22.0 58.1 127
30.0 ' 50.1 ‘ >-171
4.0 0.1 158

© 50.0 30.1 126
60.0  20.1 94
70.0 1001 35

‘These values are slso plotted in‘figure 19.

Table 9 {e}} C.V. fér Eéﬁipieria acid in the system pierie

aeid - dinitrophenol. (see figure 21, A.)

Temperature Degrees of = Velocity in
S8upercooling mm/minute.

70 9.3 - 1.28
60 : 19,3 | 2.05
50 29.73 1.89 |
40 39.3 - 1_02
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‘Pable 9 (c} con't.
Temperature Degrees of Velociiyain
Bupercooling mm/mimte.
20 59.3 - 0.14
13 66.3  0.075.

Table 9 {d} €.V. of 55% picric acid in the system:

‘picric aeid - dinitrophenol §see,figur§s 2Q & 21}

Temperature Begrees af . Veloelity in mum/minute
‘Supercooling 0% G¢ 1% a¢ 3% 6o.
70 9.3 0.09  0.20. 0.11
60 19.3 0357 0.64  0.30
50 ©29.3 0.54  0.69  0.34 :
40 39.3 0.43 0.44%  0.22 §
30 49.3 0,25  0.38  0.1% :
2L 583 0,09  0.2L  0.05 %

;ahle 9 {e} LV fer the eutectic composltlen of the syskem.

INP - DHP. (28% Eﬁ?} (see flgure 21 B)

~ Temperature . Degrees of o Veloclty in

Bupercooling mn/minute. o : > 
60 21 o3 |
50 127 0.77
40 S 22,7 D.76
30 TR L

Table 9 (f} ©.v. for the ternary eutectic. (see fig. 21, D.)

Temperature  Degrees of  Veloeity in
Supercooling mm/minute.
36 ' 10 - 0.051
26 - 20 0.052

0 48 0.014

* Not plotted.
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 £ﬁs¢u$éi§a1af‘th8.Besaltsv'

The,system: Picric acid - 2:4 - dinitrophenol.

OWlnP to the dlscrepaney between tne results obtalned
for the. eateetlc by the two methaas (see tabTe 2 b), no:
aefznite comp051tlon can be deduced for 1t._ It seems, however,
that the csmpositlan should be claser to 603 plcrlc aeld than
 to 505 (as B@gagawlenakl s results would 1ﬁdzcate}§ because
tne C. V. for DEP is very much slower than that of" plcrle acid
and therefore the freezlnganoint method (fig. 11) would tend to
give results ‘that are tae lew on the DHp side cf the dlagram.
The G Vs would not axzegt“the meltingfpe;nt methed,ihowgver, %
2herefare,;this methedTQight’he‘the'mofe.acéarate of the two.
3f§m.thekﬁwé éifferén%=met£§ds the enteetic comp051tien would
‘seem to 118 between the 11m1ts 55% and 6@% @1crlc acld, with
; 52 being fa?ored sinee this Value is glven by the melting~
fp01nt curve (fag.kli) and alsa by the intersectlon ef the
fr3921ng-pelnt eurve wath the eutectle 11ne on theplcric
acid s1de of the dlavram (flw 11}4 The’eutectlc'temperature
given in flgure 10 is not a rellable one because it aees not
:colncide W1th intersectzon of the meltlng—p01nt curve at the
euﬁectlc Xakos cempos;tlon, and also because it ceuld ba easily
19wered (flrst appearanee of thaw1ng) by the presence of even

small ameunts of impuritles. The Value given~1n flgure 11 is

more reliable because it was obtained by the heat effect.
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¥hen we consider Bogojawlenski's results for this
system, it seeﬁs'that the eutectic temperatﬁre which he
obtained (81°%) is reasonable, but the value for the
ccmpesitioﬁ is not in agreement‘with those obtained in
this investigation. A mean value of the three determinaticns

would probably be satisfactory. Thzs would tnen glve.

30

56%’plcr1c aeid and s temperature of 80°.
ﬁlth sufflclent care, it ‘seems that the thaw—point
"meltlng po:nt method should give accarate results fﬂr the
meltlng-belnts but unless the e@maonents are very pure tﬁe
‘eutectiec temperature waula be t@o low.

C Bystem; Trln&%rotsluene - EinltrOphenol‘

The eguilibrium diagram fer this system is mueh;@efe
Satisfact@ry than ﬁhat fbivpierig aeidv-‘dinitrapheae;{
This may be due to the fact that a visual check {firstiéppeqr~
ance of erystals) was made on the freezing-points, ﬁlthéugh
this method is'sabjeéti#e it can not glve values that are taé
hlgh bec&nse crystals mugt appear befare they can be seen; |
These visual values, 1f.they are sarefully observed, serve as

a check on determinations which depen& on‘the heat effect.

System: Picric acid - Trinitrotoluene.
- By inspection of figure 13, it is easily seen that the
results of Taylor and Rinkenbach are the better. Their methed

of determining the freezing-points; i.e., by extrapolating
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from the maximum obtained on the cosling curve back to the
original curve, is clsimed to be justifi&é {see ref.} and
would seecnm %0 be so from the ccn31stenﬁ rehults the; obtained

{e.f. those of Gula.).

System: Picric acid - Jinitrophenol - T:initretaluaue,
It,was,fouﬁd to be impossible to éeis?&ime the freezing-
point of this syé;e& by the heat effect. Even the visual
- method was ane&r%aiﬁ due to & 3a%aral'a§&l&sceuca of the wmelt.
ﬁaw@var, %ﬁe eamgasitian ﬁﬁi&h was aélléé tﬁe t&rnary mey be
the itrue ane. The &iser&pauqy between 1%3 mnelting point and
the thaﬁ~991nt may be due, &s in the picrie acid - dinitro-
phenol qyste%‘{see fig. 10}, %agzmguriﬁzas which cause the
maitingwﬂéiﬁ% ta’hg lowered below the trua'V&lw, These
1a§ur1ties cgould easxly be gresenﬁ sinece none of the couponents

was absalut&ly gura, 2s lﬂﬁiC?tﬁ& %y its m@lﬁiﬁ”~gﬂiﬁt:

_Viscosity and Veloecity of &{gsﬁallisatian

”ram Tigure 16, it can be seen %hat the viscosity of
all mixtures of the system: picriec acid ~~§initra§hengl,
lies between the viscosities af the pure substances, on
ya.smg%ﬁﬁyaurva; 4 similar curve is given for the fluidity
versus mgle % 9iéria‘aaid, but it is not the straight line
required Ey Binghem. But then, he reguired fluidity to
ha‘platﬁ§é~against temperature. At any %&te, there is no

doubt that the lowest and highest viscosities of the system
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{and also théwloweSt and highest fluidities of the systen]
lie between those of:the pure subataﬁces@ |

From table 8 {a) and Tigure 16, it can be seen that
“pieriec aecid is 1p§zmx1matély 4.5 tlmes a3 visecous asg alnltre-

- phenol ag the same temperature. But its veloclty of crystal~

lisation is gbout 10 times as great as that of DNP at comparéble»

degrees of Supere@bling.'kﬁlthough the viscosity'andteav;
wére‘dene at different temperatures, it is ﬁr@bably safe to
assume that at the same temperatures the same ratlas between
the viéeasities would hold. Therefere; although viscosity
way have an effect on the'ﬁlya, we can not compare different'
substances in this way'becé&se the €.V. clearly depends on
the nature of the substance also. Thus all the comparisons
that are made here will be rather loose ones. |

It was mentioned in the introduction {theoretical] , that
the €.V. of mixtures was irregular dae to concentrahlen
ehanges,‘ If the eutectlc eempositzon is used, hewever, there -
~ should be ne concentration changes, and eonstant,values of
the C.V. should be obtained.

Fhen picrie aeid and dinitrophenol are mixed, it might
be‘expected that the C.V. would lie on a curvé bétWeen the
values of the pa%e_substanegs, as in the case of viscosities.
But this was’ﬁptvthe case. A 60% picric acid mixture, which

- might be expected to have a ve1acityvhigher than that of DHP,
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at the same temperature (i.e., at the same fixed temperature,

\

not at the same degree of suﬁereoaling.), is actually found to

be only 1/85 that of DHP. Thus there must be some other

"effect which takes place, notably the tendency of the moleculea
of DHP to interfere with the formation of the crystal lattice

of piorie acid, and vice versa. A second component then, aects

as thoagh it increases the’lnternaI’ viscosity, Wzthauﬁ the

maasured viscasi%y being agpreciably altered.

The concentration of the second component also has an
effect on the @«V., as is to be expected. For sxample, &,

mlxture ngtdlﬁlng 60% plcrxc acxé (bhellzte} has a max1mum

G.Y, of almost 4 tlmes that f@r_a>§5g~m;xture, ,Thus,ﬁfartthis

 system, the ij; secus té deyéad aa‘whieh sidé affthé eﬁtea£ic
ane chaeses a mlxturp i 1nstead of 69£ pzcric aeld 8 55%
:”mixture nad been used.v”Shelllte“ would have been much more
:fsu1table fer Qourlng 1ﬁte shells. | |

ﬁy addlng 1p of gun cctton to the 55% pieric acid mlxture,

,1ts VISC@Sltj is 1ncreased a@pnaxlmately 8 times, but 1ts C.V.
is also 1ncreased about 1.2 times. ﬁowevera this can be expl-

ained on the basis ef the work of Ereundllca and Gﬁnenheimer (21).

They shgwed that non~spnerlca1 eolicidal partlcles increased the -
C.V. @Since gun cotton has been shown to be a long ehain mole-
cule of grobably'ealloidal dimensiané; then the increase in the

C.V. is readily explained. 3% of gun cotton increases the
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viscosity beyond the practical limit (30 poises) without
reducing the C.V. very much. {see fiaﬁre'EQ)

331ng c31791da1 materials to increase the v1scoszty of-

a mixture. in order to reduce the Cs V. w111 pronably ngver
sueceeé beeause altnough the v130931ty is 1ncreased the
'&rystals can $t111 grew between the cellcldal partia&es )

just.as thc&gh the erystal nnclel were in tﬂe griglnal

~1i§nidi,unlesS the eaneentratien of the eﬂllaidalyya:tigles
»is:great emaugﬁ io arevent gr@wth betwesn them. By'adding

truly disselved "ﬁbstances, however, even ohcugh t%e v1scaslty
may not be materiallx increésed {1t may even bhe d@creased},

so ealled ”intarnal Vlscosity” is ereateé i e., the dlflerent
malecules get in one anetaar's way and slow down or nrevent

the formatlen and grewth of 1attiees.' This can Bat be qut the -
effect cf lowerlng the meltzng—pain* of the‘substanee aﬁé‘there-
’fcra increaszng the v130981ty as the lowary temperatures are

reachea bacause the ternary mlxture au the same temperature,

has only 1/8 the G.V. of 55% picrlc + 1% gun cetton, yet its
viscosity at the game temperatnre is less than 1/2 that of

the shelllbe—gan cotion system‘ The cemparlsan is =g loose one

since the ternary had over 5@% Tﬂ?, which the other system

does not have. However, as can be seen from figures 19 and 21,

INT aets in much the same way as EKP,
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An exémisatién of figure Zl,ywiil show that the two
vcomponeﬂt syiems have c.v.*s that are much higherkthan those
of the three component system made frdm’them. These are all
4 at different temperatures, although at the same degfee of sﬁpar—
ceollng, tnerefore there is no doubt thmt since the ternary
has the lewest meltlnm-polnt its VlSCO?ltj nust be greater
than that of‘the other systems. ﬁowever, th1¢ is not the enly
 reason,for’its,haviﬁg a low G.V., because an examinaﬁion'af
figures 18 and 21 shows that the v1scesitj may increase
tremendously Wlthout the c.V. being materially affectea. Thus,
although there can be no deubt that a greatly increased
viscoesity 1ewers the G;V,, the relatlon is not a direct one.

If one cbﬂld meésure what I have ealled the interual Viscesiﬁy,
a closer relation might be foﬁnd.

It ié £0 be noted that none of the‘curves whieh I have
ebtainéd, even for Tﬁf shows an extended maximun for the 8 ¥s
Thus Tammann 'S 1dea1 curve ‘has not been found for these systems.
.However, the existagce of a max1mum at 20 - 30 degrees of‘super-
cooling has been foﬁﬁd' bﬁt it immediatéﬁy falls again.

It seems to me, that the c. V. Wlll be found to depend
not on the heat llberated on sollal*lcatlon,und v1scosity
alone, as Temmann's has suggegted but also on otner Tactors

such as surface ten31on d1p07, mom@nt and other such expressions

ef attractlve er r@pulsive fﬁrces. The C.¥. curve Wculd{ in
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short, be a cuﬁve representing a balance between the forees
tending to form the crystal lattice, and. those tendzng to
prevent its formatlon, Bsgay v1sc051ty, kinetic movement, ete.
Different rates of change in these forces with falling temp~
erature would then explain the form of the C.V. eufve. If
this is true, then in order to explain ?ammann‘s curve for
the C.V., systemaxiermeasureménts #f mény gore propértiés ié

the region of s&p@recsling'WGuld have to be mEgsurEd made.

Goneclusions

1. The equilibrium disgram of pieric seid - 2;4~dinitrophenol
has been determined. Its eutectic composition probably lies
batweenbthe limits of 55% and 60% pieric acid by weight, with

a mélting-point of about 80°.

2. The equilibrium didzram of Trinitrotoluene - 2:4 - dinitro-
pheaol has heenvdete%mined. It has a eutectie'ccmposition of
28% dinltra;henol by wélght and a melting poznt of 62.7°.

3;‘ Qetermlnatlans were made on several compositions of the .

system: }1cr10 aczd - dlnltrophenol - trlnltreteluene. These

indicated a possible ternary eutectic at 30% picric acid,

53% TNT, and 17% DNP by weight, with & melting point of 45 - 48°.

4. A number of densities were determined for use in calecul-
atlng the viscosities of various mzxtures.

5. Tﬁe viscosities of the system: picrie acid - dinitrophenol

were found to lie on a smooth curve between maximum and minimum

values which were those of the pure substances. However, from
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the contour of the viscosity'curvé,'but more especially from
that of the fluidity curve, it can‘Be seen that the’viscosities
are not éérictly additive 1ndlcat1n6 that 90851bly the two
components have some effect upon one another.

6. ﬁlthcugh the viscositives were ﬁearly a&diﬁive, the

c.V.'s Werelnbt; i.e., tée crystallisation velocity of the
‘mixture was always less than that of the pure co@ponents,

7. Tammanﬁ's e.v; curve was not realized for the pure

subst ances and mixtures studied, although a maximum C. V. was
obtained in most cases, but not all, at about 20 - 30° of |
supercooling. |

8. Comparisons of viscosities and C.V.s sheweé that a direct
relation between them did not exist, although there can be no
doubt that inereasing the viscosity considerably, reduces ther
L.V,

‘9. The addition of gun cotton, and yresumably other cellaldal
.materlals would act somewhat the same, inereased the viscosity
of the system called Shellite considerably, but it did not have
the desired effeet on the C.V. |

~10. Addition of a third component {nom-colloidal), lowered

| both the melting~point’andvthe €.V, it'was the ﬁafe promising
of the two methods.

11, fhe ternary eutectic mixture can no longer be considered
to be Shellite, owing to the large proportion of TNT that was

used. quevér, by adding a high melting-point, third component
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such asg picramide, soméwhat the same reduétion in the C.V.
nay be effected without unduly changing the Shellite mixture.
12. Since the lowest allowable melting-point for an explosive
of mixture of explosives is 62?, the ternary mixture melting
at. 45° would not be suitable, but other mixtures 6? higher
melting-point might be. | |
13. By changing the compeSition of the Shellite from 60%
piceric acid to 55% picric acid, a considerable improvement
in its shell-filling properties might.ﬁe effected.
14. \Qualitati#e tests showed that the ternary mixture would
completely cool (supercool)} to room temperature and would
remaing liguid, or as a liguid - solid mixturé for six hours
or more. There is no doubt then that such = mixture would
have desirable shell;filling properties if its 1@W’meltinge

point ware not objecﬁionable.
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