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ABRIRACT

A kinetic atudy of thermal decomposition of
the nickel oxalate dihydrate and of the dehydrated
salt have been made and the results have besn
interproted in terms of the formation and growth of
melel, A mathematical analysis of variable growth
rates baped on a physical model hss been proposed to
sxplain the industion period, The effects of ocold
working, the inolusion of metals (e.g. Ni, Au and Pt),
and of difforent gases (e.g. O3, Hp, Ny, He and COy)
on the kinstics of the reaction have also been
inveatigated.

The kinotios of the thermal decomposition
and ignition of mixtures of ammonium perchlorate and
auprous ¢xide have besn gtudied.  Thers are three
stages of the reaction: (1) a surface reaction
eatalysed by cuprous oxide, (i1) oxidation of Cu,C
to Cub and (i41) thersal decomposition of the salt
catalyssd by oxtdised Cuz0, Only (48) and (111) can
lead to ipnition of the resctants,

The temperature variation in samples
undergoing thermal decomposition has beea studied and



(111)

it has been shown that the ignition by either mechanisn
is due to gelf-heating, Theorstical expressions for
the excess temperaturs as afimction of time and for
the induction perlods have boen obtalnad Ly integrating
the heat balance equation, The agreement between the
theory and experimenta) results has been shown to be
very sstlsfactory.
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rattorms with those oblclned lop wrdecomneed nlekel
oxslote, wvheress, sanpiss token duping the seeond pard of
the veaction show nstierns of neotelile nickel. It was

sthetic miztures tiet 4. Ul would be

‘;\

mbimnted fron 6
nbsepvable, There wes no @iﬁﬁ ot the predgenees of Hi0 op
ﬂiﬂﬁg in wny of the sepples, sitboush i&“mﬁa suse of latter,
an saeh oo 100 nlsht &ée&yﬁ'ﬁmﬁ&mtiwm* '
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Phe ususl hiplevoouun connbtmmbevoluse syotem wes
uged bo sbwly the thermel decomposnitlon ef nlcekel exalote

in the lewar toupsrolure pangye. ohe gpporatus is shown

gloerromantioslly in Woarron 1e

6 mn or [APLUTY WLB

A veowi of Lotier thon 407
obtuined hy*uaiﬁﬁ ﬁ,ﬁwaﬂaﬁagﬁ‘mmwéary aifﬁmﬁi&m‘ﬁamg, basied
Ly o rotery oll pwems  The a@@ﬁéatﬂﬂ eould bo dsoluted Lvom
the pwgps by mesms of Whe tup T3 but s nepoury cubwoll
petween Uelvod geuges snd the tap wos uosed to isolote $he
'ayaﬁ@m s 1t malntsined o hetter vaeuun in the system. The
arraratus &Q&lﬁ.hﬁiﬂ B Ve 9@ the ordsy of %é"ﬁ wn off
mereury fop the @aridﬁ of & run 1«6 hours). &1£ $ﬁm@lﬁa
woere outgonced fop more than 5 end usunily 16 bours before
O Pdie |

The gemple to be dedonpoped was contained in o

sandll prrox bost, hooked to & thin vlotdnun wine which vwas
pttzched to mn fren slup sesled dn glane.  Tue ssmole could
e pulled iﬁia'%ha regudped position by mea&a»aﬁ <] m&gm&ﬁ.
4 smoll pyrer tube {2 om long; a;a e diae ) Wil upod in |
order to mininise the tipe r&g&ir@ﬁ ia gbtiein ihe furnace

LOmpErGturt.
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¢ éi&etfi& furnoee wegs uﬁ@& ﬁ@ heet the Pesction
I zta'kﬂ¢ting slements vers oo ofjusted as to give &
priforn tompersture {(within s CW5%.) zons chout & on long,
and ihe tommersture was malnduined ﬁ@nﬁﬁamt {2 Vet SC. ) with
the eid-of an slestyonic contveller (80). %we ahﬁamclfﬁlﬂm@i
theroscouplos, culibreted ot the ieo, steam, tin, laod snd
ontimony neints, wore usel to mensure the tenperaiape af
the rewetion Zong . tme ﬁ&@?ﬁmﬁﬁaﬂiﬁ won ploced outside the
recetion tube end inside the iﬁrﬁwﬁh tube inpedintely b@l&ﬁ |
the nosition of the scople, the othor wes piseed imma&iat&ly
soove the 3&mw1s in a narrn%*gl&ﬁ& tube, 5 wa&&w to the
Laﬁaﬁ& 0 ground plaas Joeint used 4o dnirodiuce tho sammlo boobs
he cold junclions of tho thermocouplss wers Bept ot 09 in
medddng ico. The coreoatod v@aﬁi&g& o boih ahaﬁuﬂeazﬁics
spreed within g 0.5 1n every rabs

Ywo Beleod gﬁugﬁﬂ goveringe the ponges 10 -3 . 1o 3
£ 3@ “ - B om o mereury vew& weed o geasnure the %rvmaara
in the syslose

A Uwbube teep wos soel botwoen the persctlion tube
and Noeleod gruges Lo Pemove walen VOpOuTs ﬁa?&iee mimﬁa
wiﬁm<$ﬁ%a Lo mala o slurry vwos ugedl 58 & coolant Lo thisn

Lrone  The level of cardice wop kept constont uuving & U,
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APPARATUSA. USED FOR LOW TEMPERATURE THERMAL DECOMPOSITION STUDIES.
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‘The apperetus deseribed in section 241 (‘operatus
&) was not sultsble ior the hk"iﬂ vf "&%i&ﬁ,?ﬁﬂﬂ%iﬁnﬁ at
high tbﬁﬂbﬁﬁtﬁfﬁﬁ h@ea@aﬂm | o
(1} The time vegulred for semple to reasi in
@@;ﬁli plan with the hot Waaﬁ s iﬁﬂﬁ
cempared with the duretion of the resetion
' (it took 3wl min to meach eruilivriun),
,{11} The Heleod gﬁﬁ@% rendlnps comnot Do teken
salekly enoigh o follew the Last reaotions
E&cmxz"mt&l?u
(114) Uhe effect of different goses could not be
studiod in fppapatus 4 beesuse lorpor
nopssures {(10-500 mp) of these puscs were

used to find the ofiect.

| These drawbnoks were overcone ln o second epvoratus
shown iﬂA&;ayvam S ovonlesl pecctlon %u&e was ussd, wihlch
projectel dnslde o furnsce sindler to tret Geserlibed in
pseetion 2e%s  Thetbin serd of the vesebion tube wos 1o the
constent tommepaiure gone of the Twneio. %.aeliv”aﬁaﬁ
uubﬂﬁﬁﬁﬁﬁﬂlﬁ in contact with this ent wag used Lo record the
tomporaturs.  The tomperatuve of Darnsce wea Qmut?allﬁa«wi%h ’

e veriscs The venction tube wus conneetsed io the post of
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tihe syetem by 2 ground-glosa jJoint, Sﬁﬁiﬁﬁ aelthor with
viceln wox or high vecoun silticone presse Lo Tacilliate
1ta removal from the rest of the system.
fhe samnle, in g Tors of & pelled frasnont
#oe kept in o pnoon direetly obove the réﬁa%imn {abe,
ond could be dropped dnte the peccilen zone by @aﬁaﬁimg
the’ grounceglase Joint to wihich 2 ppoon was cormetted.
The nrassure ahﬁngﬁg in %h@ systan wore lollowed
by means of & gless spircl deflection pouge, the deflection

- %,

cuused by the prossure dilference acrosn Lhe splvel bolng
mengured by o lanp wnd seoles The godpo wes calibroted
sgalnst o mercury menemeter, the deflection @ heing

direetly preportionsl to the pressuve differencs, Ve This

s

ig ghown dn Dlggpen 5. The m&nQiﬁivzty uf the peuge i
eddt mn of Hy oper om daflestlon on the seuxle,  The initldl
nressars of ges present in the sggtﬁm.aéaﬁ not sffeot the
sorsitivity whdeh oleo did not chonge with tine,

The systen wad connected to the sane mowming
graten Geserlibasd din scollion 2.1 throush ton Te A tran
{nsing capdice oo eoolini) could be used to condense waber
VDO .
. The ?ﬁ@%&?ﬁ@ procoure of o pos could ke introduced
thpourh tep T, il two sides af the pouns then iaé&aﬁ@ﬂ by

e Ty Tep T, was used fo loolalo ihe agroury nonomeler

when it wes not roouired.
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The saanle wos hepd in the spoon during the
outnesnings he syaten wos isolnted frenm fhe pumpe Eﬁf¢ra

dolrg & run by eloming the tap T,, onl poo (47 peouived )

irntroduned via ﬁg, with tope ﬁﬁ sy ﬁh opens ond ils

24

pressure neaoured on the monopeter, O, end %y were then
ﬁlﬁﬁﬁﬂ end the semple wus dropped inte the reaclisn yousel
Iy eodtuting the snoon ond slouitonecsusly oterting & otops
watohe The peadings of the deflection were tulken on the
seaie ob sultoble intervalo of tisme whieh could bo ms opell
a0 BeCe 48 no e&nﬁmﬁm&& wen uped for the senmle in thip
appuratus, the tine token Tor somplo (o rosch egquillbriun
with the reasction vessel weo grestly peduccd wd wag
prodebly fhout {20=30 poes}s The ouly dissdveniops in this
syeten wss that the iz&%i&lvéﬂﬁﬁmﬁﬁﬁiﬁﬁﬁn of 16,0, could
nod h@ fpliowed becnuse tho gos PPEELTe produgel ﬁusing
ti:de recobion wus toe oaull to be Joliowed aegzvﬂﬁﬁw“ asing

Gopelrol DLUite
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DIAGRAM 3

CALIBRATION OF GLASS SPIRAL GAUGE
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tickel omniate di~hydrate ves propoved by ranning
elowly, v Aitre of bot (éﬁﬁﬁb notrgsius oxalate solution
(/5) From u burette inte & litre of Hot {(B0%C) nickel
nitrete solution (1/9), contuined in @ two-litve bosker,
with vigovous stirveing. Doth potopsiug oxslate and nlckel
anltrats used Iin the urpeparstion were inoloer roearents.  The
pracinituate of nickel oxelots wap sllowed 1o stand Jor two
hoursi it wad then woghed t&@yﬁughiy {zbout 1% tinos) wi@hA
hot distilled wveter by doconistion wnd flnclly washed tﬁiﬁ@ 
in the funnel. The salt was dried ovor ?éﬂﬁ for two &ﬁyﬁ
end then hested ol 100% 1n'vaeuﬂm‘%af¢r& use. Lt wes
stored wvep wﬁﬁﬁ for ths ontive ggfiaﬁ ol t&islwarx.

The dehydrated salt wog prepared fron the
- di-hyavste by hesting 1t st 150% in voewwm Tor wore then
% nours. It wos shtoved over ?éﬁé in o speparnto deolenotor,

vellets wore meds by eomprosslng the sslt in s
empll stalnless etedld pellet press using ¢ hend viso to
goply pressit.  The yail&tﬂ’thaﬁ_abtaina& were broken into

orall fragnents of sultuble slze (6B mg)e



The thornol

ﬁ,%j’ﬁgﬁﬁgv §ﬁ§ @g§1@§@;
Geannrosition of delydroled nlokel pxolste in the fors ol
nowior snd connranped pﬁklﬁﬁm‘wam studied in ibhe Leompepciure
PONRET oo - 280°%c, The produets of decomposiiion are 51
il ﬁ@@ only, the rosetion bolng repvenented by the
evuntion (27):

zﬁaimﬁ;} ~> i {Bolid) =+ Z co, {pos)

Ueing Appurstus £, 6 mp swaples ef the eelt wope
Gecomnesed itothormelly ond tho poo preduced sliewed io
semurrlote.  Tho kinotics were Pollownd by mecsapding the
mpeasure of uwg ab populor 1r$@?vzxa ai tines Plre 1o showd
det nilols fop Bun 23 and un 28wt the pome temmorotars
(25092) to cheek the reprodusibilify. In llun £3 powder wan
noel ‘

reneoducible ad soerd Drem s slight veriation in th&

#an

frognent.  The rasullis sre

oot
Y

W
¥

pd

uged ond dn Bun 89

induetion veriod polictive iz secn to hove 2o offost,.

Thers do oon initiad Tost pooetion which dotoys

5 P "
3

prnddly, b ¢ tobwl smount of prdb de 20D sgmﬁaa amrimg'thi&
SUOUSLE B v 4y of the botnd ﬁaeﬁmﬁmmﬁtima, Plgs b shows
the =% nlot fop thie resetion on sn enlazpged seole., The

extpanloleted curven do not paso thwearh the oripin. This
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le due o $he tioe regulived lopr ’La ssnpds Lo atbaln tue

furpece temperoturs.  Flge E shows the -t wlots ﬂmr the
whede serdes of puns nt diffevent tomperatarcs, Huns uwo

Lo 20070 were oaxpied out in appsvotus £~n$£¢ nowaer ond
ehove 2E0% :oun to 285%0 4n apperetus B with pellets. It

vof not poselble to follow the inlilsd fest reactlion in
eppaeeing Dy Sherelorn, Yigs 5 showe L=t hote Sor the
indedied vopdold uwn to 26050 only.

1w depole the i@éul froctional Jdecouposition

by A ond the totsl spmownt Jecomponed in the initiod

nrocoss by K, (=0.090), the fraction dccompossd in this

i;

. ¢ ol .
inliicsl owrocoon iz &« :'ET o Shm odpditicd renction thon
abors tho “ﬁ%ﬂ**xﬁtﬁr” Bl o]
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CPhpe 4a shows notrnlocl plet of 4 - (4= L3¢ wout, fhe
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* . - L 8 Wl e e 2 h ey g o . et . I o §
slonpc off thin @%raigg% Ling boling e Valuep ol B oand the

yonge of L oy w& en eqguntion (&) nolds ere siven in

-

.?e. o~

A P & ENE e o E 5 e w3 AT S N XY g Lyt 2
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enocting the Tragtioned doeossonition in dhe
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couetiony ) _ .
[Rop(1-o)]¥® o o (w

with o= 2 «Jm renge over ghi ’* Lhio m‘zmtizm holds is
od = O,0h to u.g”f;. Pige b shows & wlot of the function
[— }.a;:s {1“(} )“ v;a.’z; Cop Yur 23, the slape of this line
%*”‘i‘ﬁfj Thi Avrnied “’G”&;&:ﬁ‘” ot c:msﬁmmt, ?e':’: In Tuble 2,
1he velume of & sl the rome of & over widch the equation
hglin, sre ;?:iwx:» for odl tho vans in thls serdes. Plg. b
1s o vlet of lop 1 ve 4/7 frow whlel an seblvotion onovey
af 32,0 kewsllonie ouy be eslounizted. |

orgi

The decsny oeriod iz olos Sitied by the uninoloowlop
e s
wlog (1=} = kt , {10}
Tige & mhows n plot of  =log{te o) wolt Ter Tan 23 wrd
Tipe 7o thet of log ’iﬁ:'”v@.*s/’? For Lho ‘:‘?iﬁﬁiﬁ% series, The
ol Lugs A AR ézczs'aézz,? low :u?au“ ﬂfsm‘tnrt ' m, arg gi‘@‘w} in
‘Fr;f%:;},a 3 » topother with fhe vouge of € gvep widieh this
m”“ﬁﬁﬁz Bolin.

the plob ot log t" vss.tf':;‘ﬂ WHeTe t is the tize
vl w;i.c*“ tho second per amm m erts, 1o olso o stroight
iincs The eetivetion energy culeuls wded {ron this plot,
T T4 {3&5. ‘.m 35,0 Heal mole. ifz‘ez,zm%x'*ﬁm&i valune of :t;@ ure
riven in Toble L.

Pour puns wers done alter the dehpirated powder
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had beon stored for 2«3 monihs. %ﬁ@ﬁ is no apprecivhle
agelng effcet ang thie rete emﬁa%m 1o selenlsted for these
runc lie on the oume setiveblon enepgy plot ue thosa for
the dregh ﬁﬁﬁ?ﬁ@v<ﬁiﬁiv§h}* tameriesl volues of pote

constanto sre given in Toble Sl

The kinotion of the decompovition

of peed mhymwv@ vl padt wors oliso &ﬁaﬁieﬁ By @ iiff@%wﬁﬁiﬁl
mebhod, Lece By ne wﬁusiww the rete of evelution of ﬁF& ot
eoraler Intervals of 1ino. ‘L& Bye sten pomeined consected
%g ﬁﬁ% @mwyﬁ ﬁ%ﬁ%&g&ﬁ&t‘thﬁ ?&,Qﬁaaﬂ gxeent while measaring
the rute, when 146 wan. Aﬁmlu%& srl tha gos .zlaruu to

e . o s g AT & ", AN w4 X
seenndate Lo @*ﬁ mine e nresoare Alvided b L time

i

iriberval pove the yxﬁg of doconnosition. il ghowt &

plot of this rute eyainet tiue. The (¥} curve is then
doternined by mnﬁariémiAintégr&tiﬁn {Vige Sh)s The renstlon
ie &gaiﬂ found to obey the svpamleirotegyev ecustion with
n=g, but the réag@ oi &K aver wﬁiahltﬁia equading hai&ﬂ ig
now 4 =95, (Fige Se)e The 45 rote constonts ab vkrimaa
b@wwapmﬁurmﬂ“aéﬁ nlow lower ihan those ﬁﬁﬁﬁiﬂﬁﬁ far‘ﬁha
respentive sccumilotory vune. This effoet lo ghown in the
iprheniue plot In ¥ig, S0. Velues of k %?G 5ivmn in

Table D
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FIGURE 1

OF NICKEL OXALATE (DEHYDRATED), REPRODUCIBILITY,

TEMP. 2,50C
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FIGURE 2

T.D. OF NiC,0, (DEWYDRATED). -t PLOTS

APPARATUS B . (PELLETS)

APPRAATUS A, (PoWDER)




FIGURE 3
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FIGURE . 4
T. D. OF NUC,04.(C.A. AND AE. PLOTS)
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FIGURE &

T.D. OF NCC,_OQ « ARRMEN WS PLOTS., & s
URFACE REACTI(ON (PowDER)
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FIGUREG
T.D. OF NIC,04. UMD LAW PLOT,
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FIGURE 7
T.D. OF NiC,04. ARRHENIWS PLOT (UMD Law R)
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gldnated nickel oxslote

sheorhe moloture fpon the stmosphere pesdily, whdeh it
doos not lose @%@r.?aﬁﬁ in a &&ﬁi%@ﬁﬁﬁ?;» honee there is
alwoys & cartaln amount of welep presont {15200 of the
igi%&l} in the ssople %ﬁme‘uaaamuaaﬁﬁ* is this
abuorbed weter is more resdily given up during heating
than the opiginsl water of erystzllisction, it dees not
afTeet the kinetlon of decowposition of &eﬁyi@&tgﬁ sﬁlt
whan & cold frap is present dn the system,  ID, Hawave
thore is ne irap in the gyaaﬁm pnd wotor vepour st &
sropgare of (2.0 1 U2 mm} iz allowed to remasin in contact
with the sample throughoul the pan, the kinetice of therpel
ceommmosition is affected uu f&llaw&: |
(1) “he induetion neried, t or BECOTCR consideravly
longer (Fig, Sble umeriesl values ﬁf‘ﬁg are
given in Table Te

‘ AE ' " .
{11} The, rste constanis, &, wre lower and the range of

& pvor which this eguution holds 1s chortor st

the Lowey tenpevstures, vorying from G.U0h - G40

to 0,00 = Q.50 o8 T incrouscs. Flpe10 shows

the 1t of tids ecuntion ot the two oxirene

tonpoeraturss.  Teble 7 pives the voluss of rate

eonatants for ell runs in this aa rice ond the

renge of  over wihleh the eoustion ioc oboyed,
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b,

Toae Lrrhenius plot 4o shown in Yipe 59, the
cetivetion ensegy balng wnelierel by the
negasnee of walsr vepour.

{141) The decuy padt Of the veosction dis fitied by the
uninocloculoar decwy daw, but he r&ﬁmﬂaa&sﬁu&t&
pre lower than the corrappowiing velues when &
trep is used. fvrhenius plot for those runs ls
phown in Fige THe ﬂammﬁica&»#aiuaa of vote

conotpnts are piven in Toble S.

tihen & relstively hisgh presoure

of prs o yr&aﬁ&@ in the eyatenm, there ore two footors wideh
may 4% ﬁiffiéulﬁ to potoin the cold trop upod Jor condensing
wabor vonour glven up by the sample, Fir$t1y, gue to
gveporetion of cerdies eau}ﬁnﬁ the affoetlive volune ol ihe
oypten changed, cousing Lfluctustions In the preussurs recorded;
these Pluctusiions wre caite considerstlo eompared with the
sresoare o the reoction produst. Gacondly, woler vapour
.ﬁvazvaﬁ‘fW$m the paonle teles consideroble tine Lo possh the
cold tran {&ﬁ 250 nm ﬁég‘ﬁﬁé tine taken Tor conplete ﬁﬁmﬁ?ﬁl’
of wubop venoup wag 5U miﬁ}; Thig oreduecs o varishle |
neegoure of woter vapour durlng tho presctlone ﬁﬁ&ﬁe'ﬁwa _‘
fga%mﬁa nade it ﬁﬁé&n@iﬁi'ta study the elfiact of &iiﬁ@f@ﬁt
poscs on the knetics ol decosposition of niekel oxolete in

the npresenge of woler vipowr evelved Irom the somsle and to
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aaﬁﬁﬁ re thoss resulis wi%& t?ﬁﬁ& ﬁ%érinan in ﬁéatian 5.13,

#31 experiments &nﬁariba An this ﬁ&@tiﬂﬂ and ;.43 ere

>‘A:%$&$ in apparmtﬁa U with d&llatx»‘

53%“{;?}\ wﬁa& g"ﬁ& ifed Wﬁﬁw W..z.‘t») t‘)!fi@ QI" t‘w

aﬁhﬂw @; t%@ r&a&ti&n ﬁ?ﬁmﬁ&%& mﬁa nﬁnﬂa tﬁair effgat on ﬁhﬁ

miﬁ&iiﬁﬂ of the ﬁsawawaﬁitina Pﬁiﬁti@ﬂ couli m@t be ﬁtxui@ﬁ.‘

|  ‘ﬂwJﬁan slowed down the resction auite conoidersbly end the

‘ﬁ.finai ﬁ?ﬁﬂd&?& a; u?a ﬁﬁa@ﬂﬂﬁ& woe na&rly th ol thm ami&in&1 
‘:vkiuﬁ ?av thﬂ samm m&ﬁd af Fi&hﬁa»ﬁ'*his iz @rﬁb&hly dus ta
',ﬁh& rcuﬂiiam of Jq with the iiaa&y dfvided Hi v&aiﬁu&, thua
- molsoning tho nualei. .urthﬁr, o5 O, 18 being r@mqve& from
the syoteo %y r&mati@ﬁ, ih& maaauv&ﬁ rwta is the &iﬁi@wanna
of the rate af»&ac@mgaaiazﬁn of ¥ uﬁah and the rote ot “
ﬁxi&utiﬁn of' Hi. The valuc for thm final yr@ﬂ@uvﬁ 5uageat$

that neerly all ¥i heg been oxidimed by O, sccoviing to

egustlon: o | - |

- ﬁi’f&%t“},'——; 21140 |
[ 340 o8 th& progoure in ihe aya &m ptarts ta
ﬂ&ev@&&m‘afﬁar‘& certsin amount of doccomposltion hes % uken

plaéﬁ; iﬁﬁieating 1 gaawghaae’r&aﬂ%iam‘baﬁwaa&,ﬂg énﬁ,tﬁev‘\.

‘3‘?3a@ﬁiaﬂ‘praﬁueﬁﬁ‘ ?igg 11 shows a eamyariaaﬁ I opet -

aunvéﬁ in ppasance of G, ¢ Lqﬁ (Vﬁﬂﬁd?). By o« g, {Vﬁ“ﬁ&r

i ﬁiﬁnﬁ »
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ohd, Gopben dioxide:  The effect of these

cgunes ot 4lflerent pressure oo been sihuileds The winetics

55111 obey the Avremi~trofeyey eguation from X = 0,05 to
= Ue75 and the decsy perdled Iy Iitied by ihe unineloculse
deeny love Flgs 12 shows the coupnrison of seme -4 ourves

under difforent rrogsurss of these poses ond Tlgse 15 and 14

iy

show the 1t of the tvwo gquations, Tolh A8 pnd WD rote
constonts decrosse with incressing precmave of the gos,
whoress 0o industion porled inereesep wlth dncrensing

"PEGHUPC. Tht AH Pote conotont fully chorply with rrscoude

F o v a A e S e i1, st " g
pocoping consbinl &t Bich prescupes {(Jlg. 13sj. The vepleble

T nme besn used Inctosd of P Loy conporlson.  The U0 pete

*
i

congtont Tolls lineordly with ¥DH whore © is the nressure of

gos snd U its moleculer welpht (Plg. 15b). The Anduction

poriod pises Llinssrly wilth JOU for Mg wd H, but the eflect

of ﬂ@ﬁ’im oz pronounead ut hlgh pressures {(7ire 195G} s

Toble 40 ghows pumerdeosl veluss of tc and the rate constants

o thoase Pans.

Pefore studyling &hé«ﬁﬁaamynﬁitian
of pellote pude Dron ozslnte » motel mixtures, it wes o
neeessery to Tind oub 40 there wes any effect due to
grinﬁing the Gehyivobed wiokel oxrlate, becpuse it wos
intended %o angke s wndforn intimote mizmturc of oulit ond

-

metal by grinding thenm tepethor. Yhorefore, nickel ozalate



3,

was ground in an sgete morter for five minutes snd a pellet
was 1sde, fune af lower ﬁamﬁarwﬁuééﬁ wﬂ?@ done in /pporstus
i by the differentisl method xﬂmii{» thaoe st gx'&g}i temperntures

{&zava z&””

u} were done in Apparatus by ihe aaﬁumuiwﬁaﬂy;.

,ﬁatnmdi; ﬂ@@ these runs Torm ﬁ'%ﬂif&?ﬂ.ﬁ”ﬂtiﬁ‘ﬂiﬁ sories
ﬁ%ﬁﬁiﬁg?&hat there ie no real dillepence bvtwe&a @if“ﬂ@ﬁﬁt&ﬁi

e &aaﬁmulhtﬁﬁy‘runa fév tﬁia ﬁéfﬁ@s., tThe resction le ﬁﬁ&in,.f

| fﬁﬂra %@ Qb@j z« eountion ﬁram O(u Lpldls w u,mﬁ fop ¢¢eama1ntar“‘v

TR hﬁﬁ A = Q&ﬁg - &.m& Tor dif?@rvsti 1 vuns. Fig. 16

5&@?5 ﬁ%ﬂ < mt nlotu Tor the whalw 3Qriﬁs”mﬁﬁ°ﬁiy; 17 chows

t%s P mlmt %mr one “i@fﬁfﬁﬂvi&i and one aa»aw&lgtarg TUT.

The decay w&r&eu 15 aloo fitted by the ﬁnimaleaalﬂr ﬂ@amy

. law und & pepresentutive plot for both aecunuletory and
~'¢i;ferant1a1 wans i$ bhﬁ@% in Wig.‘iﬁ. "he value af‘fmta'

_aanatﬂnta are ”iVﬁF in Cebles 44 gnd %&. Shm nrrheniuﬁ nlot

gf AR ta constents 45 shown in Figs. Se for aam%ariaﬁn wzth'“.'

- theo gmwﬁﬁr and ﬁwi&at@ mode ﬁvam nﬂgrmuma powier. These

iines haw tﬁaﬁ there ia K3 sli&nt iﬂﬁyﬁmﬁﬂ iﬁ rete aanstan&a'

on gﬁ&mu&n@, the uetivmﬁianten&rgy ropeining the ssmes

‘eliﬂt& ﬁ%r@ mﬁd&

:cmnﬁhiginp a;h,:mi frwazauﬁ 1ﬁft efbep aha uﬁﬁﬁmﬂOQitiﬁn ar

Hi@ﬁﬂl frnw ?ﬁﬁ?ﬁﬁﬁﬁ Tuns}, Gell fmoend 15,50 Pte  fune nn

= ﬂvagm@nts of th@aa pellets were curriod oot %ath bg

mi‘“ﬁr@ntial anc, aﬁcu%ul&tcrg methoda in ippsretus & end D



23,5,

,:m:»

mamcm%&y in ’tm ceae wa%f; a6 in sectlon Jeoids  iono ;:af
tqeam m&i&&& war& found o heve sy approcisble Q&t%ﬁgﬁiﬂ
ﬁfiec% on the ﬁQQQJ@aeitiﬁn off F40.0; The A% nlots for -
ong accumalatory runrwitﬁ eaoh mﬁﬁﬂl‘&?ﬁ ahaﬁn,iﬁ,?igg 1T
%&ﬁi&ﬁ 13 aﬁﬁ 1§ iv@ the voluos xa“ Ly AX ;ﬁﬁ»ﬁﬁﬁ Qéié'
‘ﬁaw&iﬂnﬁﬁ un& th@ rmngaﬁ a »f@?ﬁﬁ=ﬁﬁiﬁh these agﬁahi@nﬁ
nolde  Fige 20 azﬁwa the . ‘zrhenius plot of %1& these rans
with thepe in soetion J.fsfuﬁing S8 pnd Ui low rote
aam&taﬁta. %hﬂra ia song acatt&v but 1t oon be aean thﬁt
_aﬁ&itiﬂ& QT ?hﬁa& m%talﬁ ﬁﬁe?tﬂ Do aﬁwWﬁeidhlﬁ @fva»t‘ |
Fige 21 iﬁ u nlat & log tg va.%f' for sli thess Tuns wﬁﬁh
  %@¢£& in ﬁaatian ,46} shovdng mﬁaiﬁ thut thore io m@ |
effect mf miming matals on the ?ﬁu@ti%ﬁ. %h&'vaiaéﬁ'éf
t, ove mwn in Telblen 13 and 41.  Tio samivmtimza_mﬁrgy?

found from this plot i5 3847 Zeoi/mole.
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TABLE "!G

mm

| THWR&&L wagnypaﬁzwsnm OF _FC,0) RFFEGT _OF QAGRS ON
INDUCTICN PERIODS SND RATH CONSTANTS,

Temp. ﬂ?bo i Qiﬁ

Pressure of M0 .6 2 6, 3nm,
S Ko™ )
Cag Hun P,mm Vo ﬁg 3 ma . HHD

41 o0 o 23 L0875 07563

© 481 20 2371 21 L0520 - L06382
N, 480 53 38,5 30 .9545 06250
B b A 17 53l 30 W0376 0 .05000
182 250 . 83.7 3 L0350  .OWS8
183 500 148,338 L0355 03696
208 100 200 @5 L0510 07060
207 335 36.6 25 L0540 | JUBLT6
He = 206 4ok UhaU 32 W0BI0 S UBEUY
2z B2 WT.8 0 32 W0635 LUBOBO
S 203 106 68.3 38 .ubOh OL5L6
GO, 20k 244 103.6 50 0351 “UBB0S

205 387 130.5 60 Wu353. 03210
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PARLE 42

- THERMAL DECOMPOSITION OF §3C90g~ PELLRT. OF GROUND
' POUDER, RATE CONSTANTS DETERMINID FROM UMD LAV,

Run  Temo%  10%/1%  Klain™') Xorenge log kX
129 2l1.9  1.9BIL L1550 WBB=.D5  ZeaUth
120 2b6.3 0 W1U2LY WO2000 0 o53-.9H 23010
42z 2hBi0 . 19186  <UZ0Y3  o5T-e94 - Ze3eU8
D143 2514 1.5073 0 - W02550  o5i=aub | ZeUU6h

472 @5%.z  1.8925 03125 W50-.95  Z.b95h
AT Z6ULT 16730 WOui2s 5Y=eY3 20157
166 263.4 148636 #00317 255-e53 28005
164 276,07 145205 41278 6U=e97 - T1065
163 27,5 448083 1 .1uBk 60=u56  Tui7L



- 39.
- T4BLE A%

CTHERMAL DECOVPORITION OF N1G,0,. IN PRESENCE OF . -

METALE, RATE CONCTANTS DETERMINED FROM AR ESUATION,

D= ‘difrérentml runj | A = acéumulmox‘y run.

llE Wi, -

1050

Run Temp®c 103/7% Yo(min) k (min™ ) . o-renge log kK Wethod.
418 281.6  1.94Z5. 150 L008%0  ,14=-.82 3,945 |
116 245.2  1.92%0 105 L0150 L05-.69 Z.0756 D
114 251.3  1.9066 . 65 L01808  LU1-,82 Z.2562
117 254.0  1.8968 50 L0140 L0771 Z.25678
161 26448 - 1.8587 20 LOMOBO  LOb=lT3 Z.6075 |
160 275.6  1.6222 - 13 07270 JO0z-.71 Z.8615 A
162 280.6 © 1.6U57 T JUS65  JO7-.8u0 Z.uBUMS
alp ide e -
124 elzez  1.9402 140 Vté1z  J16-.83 2,0835
130 247.7  1.9997 95 . L01566 JUY-.85 Z.15hT
123 248.6  1.9165 T WU1830 0 1482 Z.262% . D
125 254.0 1.8968 5% $02180°  +13-.83 Z.3385
170 265.G.. 1.6580 30 CW0YG70 WOb-.Sh 2.7760
167 26%.0°  1.8443 2 «06820  J05-.65 Z.8338 A
168 28243  1.8002 § 1215 L0L=,77 T.0846
127 240.6  1.9463 435 $01015. LU= 87 Z.0uBl
129 247.8  1.9194 8O (01330 15-.80 Z.423% D
126 249.5 4.9131 70 91680 J2-.82 Z.2253
128 255.4  1.8318 L5 L02026  L10-.85 T,3067
175 263.1  1.8646 30 ,0B135  LU5=.92 Z.6165
175 272.8  1.8315 19 LOEHES LO4-, 88 Z.8AT2 A
17 280.1  1.8073 10 05=,86 T1,0126




LG,

: TABLE 14 o - -
THERMAL DECOMPOSITION OF N1G20! IR PRUESENCE OF METALD.

. DETERMINED FPROM UED LAY

118

) A-penge log ks Fég;h&g, ,

4z

1.9425  JOI34Y  o56=e95 241300
46 2UB.2 149250 01356 o58=.97  2.1L49 D
41k 251.3 4.9066  20228L  J57~.93 243587 |
117 254.0  1.8968 02208  o52=.5h 243040
164  264.6 1.8587  LOBT65. . W5T=e57 E.7611 o
160 275.6 148222 . J0927%  W53=.56 2.5675 i
162 280.6 1.8057 L1295 .50=.96 1,123 |
Gels huay o , R
jol 2h2.2  1.5402  JOITAT - J6U=.96  2.2348
130 ZUTe7 149157 02058 o53-.9T7 Z.3216 D
123 ZhG.6  1.916H 02308 o58m.Gl £.3632
254.0  4.8560  .URTE1  453-051  Zebltd
170 26540 1.6580  JUBTAL  WlG=.88 27565 o
167 26500 - 146443 JOYOU0 | eDGmebY  ZeySU2 A
165 2oged 148002 oAD13  e53=e$6 141759
109463 WO164E  #GumeSB 242170
129 2475 1e915L  o01BU6  JW6=i56 Z.2062 >
126 25945 145131 02HOT  obd=e53 Z4381h |
126 2554  A1.0918  LU2728  W58=.Sh 2.4358
175 26341 1.8646 06667  JSu=.S6 ZeB240
173 27208 148315 WUST30  Wb3=.95  Z.5081 A
47 2B0.1 - 1.8073  .1552 o56=e59  14190% |




FIGURE 10

T.D. OF Ni¢,0, AN PRESENCE OF WATER VAFPOUR. AE PLOT.
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| FIGURE 16
T.D. OF Nl'.Cl_Og, .PELLET OF GROUND POWDER. o-t PLOTS.
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'FIGURE 17
T.D-OF NiC,04. PELLET OF GROUND POWDER.AE PLOTS.
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FIGURE 18

T.D. OFNiC,0y - PELLET OF GROUND POWDER .UMD LAW PLOTS.
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FIGURE 20
T-D.OF NiC,0, INPRESENCE OF METELS. ARRHENIUS PLOTS.
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FIGURE 21.
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typicecl 4¥ plots are shown in Pig. £3b end velues of pate
constants given In Tuble 16. Figs 2bb shows the rrnexius

plot;  the setivotion cnerey Iz 5063 kenl/mole.

Tne o=t plots vere dstersined

from rote ecurves by rumereioal intagrmtiéﬁ 6B BOTORC. Fige

“6a shows a typlesl poie ecupve ond 250 the intepPated o et
curve. The lottor gould not be Titted by the fveamleivofeyev
couption beloy = Gl.20 bul dotween L=0.20 and <= 0,85 the
erastion hiolds well; ono sueh yiatfig ahown in Fig. 25c.

- Veluss of %&ﬁ reto constsnbs érﬂigﬁvcﬁ In Toble 97 wd %m@i

e

Arehonins plot s shown in Tige 2hes. The setdveiion onerpy
found fron this wxﬁi 1& 3181 Lﬁ I,mﬁla. ﬁag'ﬁﬂ Che %f?’@l@ﬁ&.
for dath scownmulatory ond ﬁzfﬂrveﬂtiﬁm rans wre ghown in |
Tle. #6. The sotivoilon enepgles esleulatsd fpon this plot
iz 30e3 fcaxfhmle. The numorieszl velues of t are givgn in .
Tobles 16 and 17. . Minma b and ¢, sho en fop COnG Ay ‘xsan in

1z 26, ox¢ for iﬁﬁ@iﬁ&ﬁ d selt with end without the trup,

roppoetively e«

< ]

woag studied Ln the e maymtuwm ponge of i?ﬁ w AT aszng

.23 uy& ation ol ?mwwﬁ&.aﬁ Gr The d&ﬁyu'u%iﬁﬁ aﬂ the suld

fpparatus Be The gl wns made ints 3&1&&» wvihich wes

&

broken inde frogments of saltsbie slue & - 48 wmgis The

*

deiydretion of thess Irugments wad vollaved % romensurdng the



L3,
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Q, DI CU““IOH

| All the results aiacusae& in this aection wers
obtained by the accumulatcry method, u&ing powﬂev af the
j 1~nydrat¢,and both powder and pellets of the &ehydrated
s6lt. | o

1ol I it 1 su aée ) ’ ons. A8 descrihaﬁ 1n aectinna

- TA R ana Be 21, there ie &n initial reaction in the thermal
»decompasition of both the hydrate snd the dahyﬂrataﬁ salt.
Thia reaction commencas without an 1nductior perioﬁ.&nﬁ
’jdecays rapidly. ﬁa the second reaction also starts gt
t = o, there 18 nn shaolute methad of aetermining the tatal
-'extent of thil reactiav, but from careful sxtrapolation af:'
the aacay part of o =t plots (Pig.3) 1t cun be eatimmted»A
.fairly‘accﬁﬁatél&. The extent of the initisl reacticn in

" both cases (viz, nyarate_and dehyﬁrated salt) has been
estimated in this way to be 15 of the total decomposition.
The fractionsl decomposition for this initiel reaction is.
_therefore: o |
'o<' .,(/,(,' S (1)
whergl is the total frantinnal aecompoaitiaﬁ andt&o. the ‘

extent of this initigl resction { o= 0a01)e
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Allen end Scaife (27) fitted their results by
‘the eq&ation'f‘ | - | ,
| | ',v=k(t-t)%» SR | | (12)
‘where v 1a Voluma of product gases, They hav@‘pﬁt forwerd
& mechenism besed on the diffusion of anlons to the surface
&8 the réte determining process for this resction, ?hey_:
assumed that the rate of diffusion of snions to the surface
is inversely proportionel to. the extent of reactinn, V; 1.e.
dkAw o< 1/V, from which aquatlan (12} is aerived. |
However, the lonic conductivities of metullic
oxuletes so fapr atuﬁieﬁ,'aré very léw. The~axtva-§élated 1'
values'cf épﬁeific conductivities obtained from Finch's (33)
work for leadvand‘mercuryibxélétes'are of the order of

160" onn™t on™? st 250%, wheress those for silver and

=1 at the seme

‘barium oxalataa sre of the order ‘of 10 -7 hm
temp&rature. It seecns 1ikely that the 1on1c conduativity
of nickel oxalate will also te of the same order of magnltude
" and that 8 mechanism for the thermel decompeaitian of this
salt«bamcﬂ.on\iqnic mobllity as the rate determining process
ig unlikely (38). Tﬁb'temﬁerature coefficient of fonic
condﬁctance'is also 15§Aard'fdr‘the oxslates mentiogéd-ébo#e,
lies bﬁtween 1& end 15 kcal/mole. #llan snd Seaife have
‘founﬁ the activation energy associ&tea with this 1n1tial

pPOG@S& to be u7.e kcal/mole wniah is coneideravly high&r
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then the prabable &ifiusion value, which will be eqnal to
' vtﬂat Lor conductance.' Allen enﬂ Scuife's meehuniﬁm beling .
"untbnahle, tns resuitw were examined in teras of the model
of & contracting avea af surface deeompositian. it seems
probsble that the reactinb starts on the corners end edgea o
ofrtha particles which are nueleageﬁ‘witnin @ very short
time (probsbly within the time in which the sample is |
‘ihéating up\to the furnaca~temnératuve}; The yroduce phase .
“then spregds over the surfece st a eonatﬁnt rate, lune and
Colvin (31) found thet in the decomposition of potessium
hy&rogen?oialate hamihydrate;'n&cleatiun of the transparént
’plateé’occurreé nraf@rentialiy at cornera and’edges. .?he‘
rate of a&vance ol the interface was meaaured direetly and
’t»fcunﬁ to ba eanatant.y on-this moﬁel canaidering the
‘availabla ares &5 o s;uare surf'sce of siue, a, the fpaction -
ﬁecemnoaed after time, t, is given by' ) .' |
A = [a - (a-‘:k't} )/a S (13
where k' is the constent rete of advence of lnterface. This =
- eguation can be written in the form. | o .
| 1 - (1~ o()% mk(t-—t} S ’im}
where k = 2&"/a, wnd t  is the nueleation time. The iﬁitial
‘ r@actxon ia fittau &atiefactorily by thia eguation a8 shown '

in Pigo. ha gnd 27%a. vThe v&luas of t are of the order of

3 nin, & P2 aaonablb vaiue fopr the heni up time in fnaaratus be
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The 3otivation4energies for hydrate and dehy&r&ted
- salt are 35 8 and 32.9 kcal{mole reap&ctiV£ly &nd the

gra«axpcnential factors 10“‘)5 &nd 101 2400

« The sgreement
batﬁaen thasa vulues ahaws that the suvfaee of the hy&rate'
vhas heun ﬁehyﬁrateﬁ during evecuation snd the hest-up tima.
7 'mhe thiekn&sa af thia surface layer can dbe
. caleulated fram the surrace sres or the selt. The anproximate‘
particle size determined by electron microscagy is of the
order of 6000 A°.  For the fradtimn.decampéseﬁ wevqan,writé
the relation: ” | | | N .
| A= vV = o/ |
| or A= gB/t o @s)
where 1'is_the_siﬁs of the perticle, o the shape factor
(= Gvforqg cubgi; b the thickness of aurface‘layar,_v the
volume decomposed &nd V thé totsal volume, All the uuantltieé
1n eguation (15) sre known cxcept b, which cen therefore be
‘culculated. The thickness of the surface layer comes out to
be of the opder of 10 4P, that is @ few (perheps cven onej ,
atamlc Iayers.

The overall mechanlam for the uecompoﬁition of
nickel oxslate must be thet of electron transfer from en
oxalate ion to a nickel ion followed by the agcomposition of
positive holes: | | ‘

| aéoh‘»»«—a,, 2 +C,0 — 200,
M e — > ™ ‘ (16)



2.

because the ﬂacomposition océura at‘the interféCe
between product end sait, the overall process may consist
of ihtepme&iate‘oh&s in which the electrons are trangferred
“firat to metal epéaka or tor#&caneiesipraséntfat:thgiinﬁerface;'
ﬁowaver, bacau&e o' the virtual two~d imensional character 0r<,
the reaction, it seems mara probable ‘thet the %echanism of
aat&lyais is one of en effect of the interface on tha enargy
of positive hole formation (vis strein) rather then the
provision ef acceptar anergy levaia by the matﬂl nroduct.‘
‘The pcaaible role of vacanciea created in situ cannot,
however, be axclu&ed._,The setivation energies anted ameé
afa fﬁé'thé fﬁte determining step which &be therefpre’
sssociated %ith the creaticn of positive holea.

The &1net1c equetions can be wnittan 881
| 33’30U

log k'= + 12459 4 ‘» {17)
4 4.505}7 ) ' R
for tue hydr&te, and ‘ _ R
log k'= - 32,990 L u6o I (18)
4.395!'2; : . : :

for the &ehgdrataﬁ sslt, where K is in the unita min A._"

'1“\S‘c He cti - This raactionvﬂtsgts inside the
cryatal ﬁftcr a 1ong induatinn period. The‘fraction decdmpoaed
&aring thia resction csn be calculate& 6 described in aection
"3.11. The main part of .thie reaction ( o = 0,05 - a.uo for

the denydrated selt and L= 010 0.87 for the hydrete) s
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fittéé by'an évrami-wrofeyev type of aquatipn with n = 2: -

| (- 20r (1-o) ) * =klt-ty) ()
‘The rit of thia equatian hes been shown in Plegs, 4o end
' 230y t 1@ the point whers the’ straight lines intersect
the. timm ‘oxis. The use of 8.t ternm 1is conventionally -
ljuatifieﬁ {(35) by ausuﬁiug th&t the naclei are formed all
at the same. time t, equutian (19} then follows if these
;nualai then grow twa«&im&n&xonally'&t 8 canﬁtant rate,
o#&rlmp heing alioweﬁ Top in the‘m&nn»r'cf‘&Vram* 'Thié _
- seens post unliﬂcly on geneval graunus for Whut is
hapgenin& during tg. it ceald, in nrinciple, renresent
the time in whiéh nuclei are being formed slowly, but
tien (becaqse n = 2) growth would have to be one~ﬂim§nsional.
ft has offgh been sugpested thet only sfter sttaining a K
cortsin size do nuclel grow ut e constuni rate and thet
theiéate‘af'érowth of'small nuilei is muech sméller than'
this. The resction below L= J,05 for the dehydr:s ted salt
an&"belaw K= 0,10 Tor the hyﬁrate is &lacnssad‘in'
seetion 4.13 in terms of this hypmtheaié.’

The‘activuticn eneré;’aaaociatea with the

| uecamyoﬂitxan of the dehydrsted selt 1s again 32.9 kcal/mole
and the_prsfexponential faqtor = 1011'96 The xiﬁetic‘
equationffdr fheidehydratﬁa selt éan‘thgreforé be written
as:

log k'= 290999 4 14,96 o {z0)
doJUj&T g :
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These y&lués}are‘in good agreement with‘tﬁdéé éb;ained fér
the initisl surfaaeﬂraactibn (section h.11}. Theréfore,
tha‘mechanism'of this rééetian is the sume as given fdr
" the surface reaction. iee, the rate &etermining step 1s
" the crection of poaitiv& holes. |
‘ Tha\uecw pwt of tne resction x‘i‘om K = 0.60 to |
UeY7 can slso be fitted by the uﬁiﬁaléculan'dacay law.
The fell in the power n from 2 taA1’(unimoieéular decsy
3 law) is nost prabaﬁly due to the reterding éffec£ of¥0$2
the presaure‘bf which haé risen to'about 2-3 mm nesr the
end of the rescetion. In diffarential runs with the |
dehydratea selt, where the uﬂ is cantinually pumﬂe& away,:
the fvra?i~*rafeyev equation with n = 2 holds ur to
eLsO 08 (Fig. S¢), The &ctivmtmn anevgy o‘ntained ’by
‘using the UMD law 18 30.2 kcallmcle, arﬁ thm wra-&xnonantial
factar 1u4° .98 (Fig 78}. ‘The. emsll differences 1n these |
valaaa from thoae c&lcuxatea from the ﬁL eguation cen bte
:‘dae to the aenaitivita of JUD plots to the values of finsel :
;. presnare, which are subjact to alignt errors from run to
rune | | |
v‘. _ ”ha activution energy an& wra—expamentiui iactor
aasoeiateﬁ mith the aecamposition or the hydrute dre.
however, higher than for the dehyarsted sult, the,kineti&A
quation fop th@ F rmt@ constente being: a

?_%ff_; +A5.050 (21)
“© e ‘J'}'A o ) )

: log k
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The higth~Va1uea of ¥ and & sre Lo he_exyecteé if.the'
;aehy&ratigh'bfAthéssgliiia'élééiﬂne"éf'thé fateFdeﬁermining
.f&ators{‘ In éccumulatoryvfun& th@ 5&#4&% ﬂehﬁératiém is
likéiy to-be slow because af the slower aiffuélaﬁ through 't.
the lsttice &nﬁ!ﬁhraugﬁ tho gues yhgs&'te the frég. ;?hc
dehyﬂr@tidh-%@éoti@n;'éa'éaaéribaﬁ in saction 323, con
\"he”fittad by the UMD law in ths early aﬁégﬁs. ~{§ the
 dehydration wss studied under vev&rsiﬁle canaitioﬁé, it

is expected thot the trae law of dehy&rgtlan w111 rot héld‘
threoughoat the renction baczuse of r@hyﬁraﬁion‘bﬁaoming
¢ansiderable 83 the rnresaure af ﬁatcr vanoar increaseé.
However, 1t is r@ésﬁndble to agewrs that in the gavlyv
;aﬁ&ges,~rehydrétian is rot 1m§0rtant ard the true lew

(Jup) halcis{ It was obvzerved that ‘f meck (the gouge :
‘@eflactién cérreéganﬁimg to totud ﬁemy&ratinn} wss not )
reachéd even after long intervsls of tiwe &t tgﬁgérétures
aa‘ni&ﬁ sn 22:.8%C. 'Th33Valua off?f{final def'lcetion on
tnavapirml gédga} wés mueh sﬁéller.than mex; . hanee,‘¢ max
WLE ﬁeéﬁ in the calculstione of fraction aehydrsted, K |
,retmf then 95{‘. “he cc:mvwimﬁ o 4?1, valuea wit}i the values
'caérespon&ing to true eguillibriun of wﬁter‘vapour with this
salt (52) showed tnaﬁi’f wog slso much smsileﬁ th&n fhege;.
This indicstes thet the gtteirment of true eguilidbrium ie

a mach slower rrocess end thet a rseado~eguilibrium is set
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ﬁp, such thatAfurtherf&ahyﬁraticn is very slow, -It is
6180 emperent (Plg. £%b) thet this pseudo~eguilibrium :
VEDOUr pressure becbmes Tuiply 1nﬂ@gen§ent"cf‘temparature
st nigher temperstures. This evidence has‘béen used in
po&tulgting 8 mechanism,for the therm&llﬂeaomgbsiticn of
the hydrate. | | |
. Qe aasum that tne reactant matrix r@tains
aufzicient water for it to be fully hydrated at the
'reaction interface. The regson for this preferantial _
‘hy&ration is th&t it is juet the scrt of disorﬁereé |
region st which reuhydration will ocour most Peadily.
“hus, although the sslt ae o whole has lost a good desl
of its weter, 1t is essentislly hydrste which is |
underpoing décompdaition,.apdr; from'thavéarf&ce reéctian'
elrealy refcéred to. The nsture of ﬁhe bonding in the
“hydrate iB unkhown; but 1t 18 guite concelveble thet 1t
utilises Ni'' orbitsls which sre required to receive
electronyg froé ihe oxealete ian und g0 dehydration must
nrecede deconposition. The activetion cnergy for the
whole process is thus, that for dehydration + that for
electron transfer, Water libarate&‘in the dacoéposition
is not lost from ithe 2alt, but‘rathePAs&rves to re-hy&rate‘
fiashvmaterial &t the aﬁvaﬁcing interface,

To sunnerise, because the ecuilivrium vepour
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pressure of water abéveithe hydrste 1s never aﬁtaiﬁed,v'
the salt retuine s éonaiﬂerable fr&cticn df-its"original
waters. Such water is in & stete of vaeudq—eguzlibrium,
in that it is not naoaasariIV‘bcuna to the seme fraution
‘cf oxalat& but,partici@ates in P continuosus proaesa of g;,
 §ehyarat1oh ana.be-hyﬁration. Such_ré-hy&réﬁion‘ogcuéév
§référentiaily at the decempcsition 1ntérface,hasjthat
rdehydr&tioﬁ‘is 8 nsceasavy"yrg-raquisita for an&'p&rt
af‘decpmpoéitian. | | B | -

| © The activutior energy fop dehydretion is foand
to be 18.4 kcal/mole (seetion 3. 12) and that for the
deGOggsgiticn of dehydrate& salt is 52.9 kcal/mole '

(section 4.izj. The sum ox these two values, 51.5 kcal/molc, H'

agrees verj well with that obtained for the decomnosition
of tho h;urate, )b. kesl/mole, Tompkins end Younp (jé)
‘hav“ velso sbown that in the decomposition of barium | _
styphuate mona»ngnrate the presence of water vapour &t the
:interfsce plays en 1mportan;;rale." .
FRE S;bw‘grgwghg‘ In section L.12 it wéélhentione&’thaf

the ﬁvfami~?rafeyvv a¢uation holds only after b(zG.OS‘fdr

o ﬁehydrate& salt and A =Ge15 "-for the hyarate.:'“heae

valuca corresponfi to°(-~3 OL; ana 0( »o.m reanectively.
, mne departure ?ram Avvamia rcfeyev plot in thie range isl,.

'>s%own in Fip. 30 for deuyarated salt (a) and the hy&rate (b)



The values ol t and & , tbove which Avramiuarareyev

. eagueatian homs, will be c&lleu t; sna o

Footnote: Values of ’fat'which‘the AE equ&tion‘atarta

«'  to it may show eliyht ﬂiffereﬂeea to thona valueﬂ'given-

in fhe Qaa&lté. The reagon is that those given esrlier
refer to the first naint actually on the curve on the
scale used to fin& k,- while those given TIOW &are more
‘yreoise’valu&s'fmunﬁ &urinp the eluw-growth analysis.

Wow if the moael on wkich LB equation ia besed,
‘ 1.$. two~ﬁimensional growth of nuclei at a constant rate
k, is true, then the linesr plots of [-log (1-“}] %
va.t should ?&Eﬂ threugh the ariﬁin which is not so, for  ’
1ﬂ.§ractice they intersect the time axi& gttatoy ‘It has
been uustbmary'to\explain thia deperture from the lew by
‘a&ying that to 1e’the ﬁo~caI1ed 1hcubaticn’period in. |

. whiéh the nuclel arewforming and thut thejrall start
growing at & constent rate at t=t_, the pressure built up
during this time belng due to nuclestion. Use Af'tg hes
i been made in several cuses where the power law holds in
the ﬁoiianatgte'décompegitidna‘(53, 34, 35). Thomas end
: Tompkiﬁé (33) havel#ﬁggested s period of slow-growth at

& éméller raté dﬁanging over to rormal growth with‘a

" higher rate constant, but no &etailaﬂ maethemsticel

“treﬁtment of slow=growth haa yet been given. It is propoaed
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thet durihg thé period of élow—gbéwth ‘the same growth law
holds st eny 1n&tant but thst thﬁ rate cenatant 1is vesying
- tecsuse it is snmﬁ, function of °( up 1o 0( 0( R when the
interface andergoes &0me ?adical change aftcr wnich tha
rate constent Goes not very BNy further,“n,.analyb;s'qf
the ﬂlOW»grcfth periocd williﬁéw e attémpted on ﬁﬁis baais.i'
hsre Gre two muin roasibilitleb far the Variatian

of L uur;ng alow growth: ,
() thet 1t is proportionsl ﬁo the linesr siye (perimeter)

¥

N of the nucleu&, end, _
() th“t it is @fopartionul to the surface sres of the
| -nueleua,‘whigb for two-&im‘asional growth also

“mewns proportlonsl talthe volume.

Mathﬁmatically, theae two voaaibilities cen be

 written down 8s8:

- | k(-() ;K.f% .~+.k"' o o (22)
Cand. k(x) Ko'(' +k o . ,'(23)

‘~where k ia the rate of growtk'of freshly formed r nuclei.‘
’~ﬂ_rne rﬁaulta (Fi$ 33) ahow that this is 80 Bmall tnat it
";may be neglecte& in 1arthcr analybis, 50 that (aa) beeemGSﬁ
K" ckE e
How the b&sic aasumption is that the relation° : .

d}s‘(“)/dtxx(m)- o (25)
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is true for sll valuez of , where P(4 ) haa been‘written

for - [-l‘e:g(‘ivo(/’)]% It is shown .JJ the adtd in 'I‘able 19
thet to e high ﬁﬁ&reu of soproximstion, A
o() = ao'f"%"‘f“A T (éb)
,Lm:' email value;a of o( ’, vmere 2 13 8 eonmant, tha Valua
of whign in \J.E:)b) below a( = U.0H and G.666 nelcm o( = u.su.
wuuatitming ie(v<j by é [ . in eq;uation (a,;). | _ |
Cadba = k(< en
ﬁambmina l'd.h) and (27) | . |
| ' m.(wﬁf&t = xfagﬁ' | | | ,
. or ﬁ a.cf det/ﬁt = f’&"’é’» - : o (28)
‘ whicn on mevraugamnt snd irztegx’&timx gives' | -
log -( = (2/2.3032) Kt leg (e} - (29)
where e((o) is the finite value of o(fat t=o due ie inatsntsneoua
nuclesztion, ‘The Tit ci‘ this equation wes axamine:&,_but» as
’.ahown in ‘?19’. "3z it éoas not hold right ixp to o(,, o . the
‘mte 1nemmins faster than regualred by thils law a8 oc’ 18 |
anprosched. “‘he gm between the fit of the exponent.ial law.
(eqn. d&«) and whem the 47 law bagina to hold is small m
. time but a,}xite censidersble in o( “beceuse of the rapid
ﬂcaaleration of the reaction.. 4 -
| If. mwaver, we wnﬂider the aecom powibiuty
" (b) end stert from equstion (23), then equstion (28) beamwa'.

s o 4.{}& K<y



'which on rearrmgement &nd integrhtion givas: , ,

IO t(%’i/a)t o 61
where (o) is the ml‘uevof e( st t=o dus to 1mtantahaous
nueleatzion.‘ The it or eguation (31) is sshown in ”‘ig. S1b: |
this ia aatisf‘actow right up to n( o( . The experimental
_evidence is th&mfora, that- |

? ” 4-' i
& e() ie rroportlonsl to & rather [

Nic, 0y

then to ?. Ir the veriation of
k( 4) is due to the development * \
| of mam end mqrc strain in the
lsttice it secos likely that the
lattice will be distarta& all

Ne (.;O ']

&4101’13 the surface of ihe aacamgesed , ‘
mmerial (a wctianm z*epmaeramtian of f.ﬂis strum 18 ahown
in the inset i'igure) &nd not merely wt the perimeztex-. Xn

4»two-ﬁimenaianal groath me aurfaca area 1s. proportional to i
/; - .

-the: amoant aecomﬁosea, K . , o
- Fpoam the slopes of the plots of -o(%: vs.t, the

valuw of x’/a, &nd hence of‘ X, c&n be obtnined. The
theoretical plotss of k(&) as & iunction of o( are shown in
Fige 32 & and b for hyarate end the &ebydwteﬁ selt

: 'rean&atively. f«‘ig. 3% 5 and b shawe & com@arifson of
epleulsted valuee cf k(c() with valnes cbta«ineti experimﬂntany |

by graphical differentiation of plote of F(x') against t. The
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ﬁéiaemwnt is as good 88 caon be expected aﬁnsidering'the

practical difficulfiva in meaaarinr-small valuea of °( . 

~ The velues of o« shov n scetter in both cases for the

f gvaragg value for the d@hyﬁrated selt is GOl and Tor
wih&‘hy&fﬁtﬁ, Uelbe ”his wazla imgly that fbe lattice V
ox' nydrate aan withstend morﬁ Btrmin than thzt of
denydrated aul‘b . o A

Prom eﬁuatien (e5) it is aaan that the &ctxvution
euer&y e&lculataa rram X will be tha 8&@& Bs that obtained
froa k(x ) &t eny particu4ar Value of K - The velue thus
fouandk for Blow~krawtn,is 375 kenl/mole for'ﬁh# hyaratér
snd 30.@ keal/mole for the dehyirsted sslt (Wig. 34)s The .
‘;rrhanius plotn ahow sume seatter due to the experimental
ﬁifficultima referrea to. The seme value of E for bcth
the hydeta gnd aahydvate& salt for slaw~growth peried is
poseibly due to the fact thst nucleution occurs at defect
sltes which; like the surfuce {section 4.11), wili-alsb‘ |
tend to deﬁyﬂrate Quzckly before any deeémpeaiticn t&kes g

pl&céq . This conclusion is supported by the fact that the

act1thion‘&nérgies cualeuluted from values of t, are‘alao"”,

«the'anme for toth the asslts, viz.; 35.5 and 39.8 keél/molé o
fnr hyurate snd ‘the dehy&rate& sults respectively (secticns

5.4& and 3.11}. The velues of gre-expcnentiel factors alaa
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- agree very well, belng 1&15'01 and'1a15'“h min".

4.1k Theoreticsl X (t) plot: It has been shown in sections

Le11, Le12 end L4o13 that the whale course of thermel
&ecompoaitionraf'nickal Qxalate consists of thraa atag@a -
namaly, a aurface raaatian, & Qeriaa ol alow growth ana
finslly the main resction. These sta&ea, a8 hee been

snoun, agre rfitted by the follawing euuatzona..

1= {1 oLy K'(t-t' ) o C(e)
| | L (0)"% - OQ "% »(&;/g)t o | 1D
Cema ["1’-3&}(1""4}] = k" (t-ty) (1s) -

The velues of k', K, ¥y t ﬁnd t"c&n &11 be found graphieally.ﬁ
‘ From thase valuaa 8 theoratical K (tj curva can be. ylottaﬁ '
utiliaing the definxtions of «- anﬁ¢x . Thia has been done
. far one run to ghow the agreement between the experiméntal7
: result& &rﬁ the thamratie&l gurve (Fig. 35). This spreement
is axcellent apert from the last stapes of the decay reriod

where,the resction ia retarded by Cﬂa.
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FIGURE 30
T.D. OF N{C,04 AND NiC,0,2H,0. DEVIATION FROM AE EQUATION ,
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" FIGURE 31
T.D.OF NLC,Oy AND NiC O 2H,0. SLOW GROWTH .
Q: EXPONENTIAL LAW

b:SLOW GROWTH EQUATION
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FIGURE 32 . .
SLOW GROWTH PERIOD. VARIATION OF R{«) WiTH

O: NiC,0, | binico;2H,0.
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FIGURE33.

SLOW GROWTH PERIOD. VARIATION OF RE) WITHK
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FIGURE 34
SLOW GROWTH PERIOD. ARRHENIUS PLOTS.
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Y2 DIVFERNNTI L RUNS

| These runa‘were:doné'ié £ind out if this
.technique cffereu aay deflnite a&vantag&a aver tne more
4usual aecumulatery one, vﬁaing‘the.same ness of agmple,f
‘neither‘the sﬁrfﬁce'réactinh'nbr the aiew\grgwthigérioa
caala ‘he followed &cnarately enough for the results to
“be anﬁ““aaa~ tne samﬁle ‘mess was not, however, increaaad -
‘ beceuaa or the poasibility thut the time taken by the L
sample to reach thermal euaiiibrium would also inareﬁaé.:ﬁ‘
‘ For dehyar&ted salt, the kinetiaa of the fV
veacticn werpre the sume exeapt that the rate constants
‘meaaured by tnis method ware alightly 1ower than the
corresponding velues dbtain¢a from sccumulatory runs;
| the activmtian energy wes unglt#fea (Hig.lﬁc).V The

l@wer‘valueg of ra£3*con§t&nté'founa are probably'dﬁe

.‘ to ‘the diffﬁrence in axperimental ‘technique since thia

mathoa is far leea aecurate than the accumulatory one.
gThe it of the ik equation is very goed (Figs 9e) and o
the aquation is obeyed from d = U 03 to u.97. The ran39 
;of temperature over which the decompcsition coulé be
studiea was e8lso limited becuuse when the reaction becomes‘-
‘fast it cannot be Tollowed accurately due to short pumping B
tima allowea between the readings; also Apparatﬁs B could :

net be used to do differential TUNSs,
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For hydrate, the kinetios atill obeyea the 4E
. ‘equution from = 0,20 to 0.88 (of X= 0,15 = 085 for |
| the accumulatary metnud}‘ mhe moat signific&nt differenca,‘
| however, is in the value of the activutlan energy, which 18
" found to be 31.1 keal/mole (Fig. on) for the second

raaction. By the ‘scoumuletory method, the velue obtained

- was 50.3 kcml/mole (aeetian e 1&}. Xt'aeéma thet in

differ&ntial runs, bec&uﬂe the water is being @mntinually

' removed by . pumping, ‘it 18 no longar retsined in the

reactinﬁ interface (described in section u.1£). 80 that

the only retc &etermining step is the ueQQmpoaition of

1*\&1& 0&' The valué of 31.1 keal/mole sgrees well with tha£
Afor the deecmnosition of dehydrated salt, f1.04 32,9 kcal/mele.}

The pra-exponential fagtor 1G1ﬂ.ﬁh is alsa in goad agreement

with the Vﬁld& of 1011’9& associsted with the decompasition

of dehyanatea sslt.
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h-S FPW”GT OF RETALS ON THE DECONTOS SITIOK OF
: b3 ?‘E»BY"}*’ 3 wa uhL?

These effecta could nat be studied using the

nyarate ms the pelletlng pave 1rreproduciale results,

L34 Hffect of gg;gging: ‘Grinﬁing‘the ﬁghy&r&ﬁed'salt
in sn ag&ia ﬁaftar for five ﬁinutﬂg‘beforé muking a pellet
h@& very slight effect on the'daédm@oaitién of the s&lt.
It &oeé nat-ulter the aetiva*ion en&rgy but incresses. the‘

12,04 &S ceﬁparea to

- nre-exponentiul factor alightly - 10
16"1+9% _ wnich 1s heraly significent but is in the right
airection, fcr Frinding would be @xpectea to increaae N
the numﬁer of nuclaua forminp sites, snd therefrom K: a8
the mcasuraﬁ rete conatant, L, includes a factor L fqr_
two-dimensionsl growth. The Arrheniﬁs plot (Fig. 5e)
" includes points obtained from both the differential ond
&ceumul&tory runs, showing again that there 1s no esaential

‘ﬁifferance 1n vesulta obtained by these different techniques.

: g,z Bf'fect of metals: LoL% KL, S,k Aa or 19 84 Pt had

‘no apyreciable catalytic effect on the decomnosition of '

nickel oxalate. The Arrbenius glot of A% rete constents .

and UKD 1aw rate canatants scatter aboat the BERe atraight

E lin& 8 those for pellat made from groand powder (Fig. 20).
Previoasly ?rqut (37).had found thut for ﬁwnou the aﬁditiou

Qf‘end‘products‘had no catslytic effect on the decomposition
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Aof’this 3alt;"?rout'and Tompkins (f?) have also'repofted
that thare WH8 No effect of enﬁ produats in the aecomposition
of kg“zéu. It seems 1ixely tnat only the metal farmea 1n

the lattice of the selt can have a catalytic ef‘feot,

: whereas mixiny it mechanically with the selt daea not have:
the same effaat. This supports the view expvessea earlier;
that the catalytie effect of the nrodact 1s duc rather to
strain than to the perticipetion of metal in the. reaction.  
Thera may ba a furthpr reasou in Ni Dh becauae the grawth:A
' ia twa-dimensionﬁl and the nuclei formed on the aurface do.

| not grow inte the crystal ( ection h.11). Aa the surface i_
slready aantains ) I&rge number a potantial nucleus i |
4fcrm1n& aites the incluaion of metal par*icl&s will have

no appraciablm effect.
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bols BEVEOT O ﬁzp}mawﬁw'@ASEs

n—ur—“

Lialyd ££ et of watar va pour; %ater vapour hss & etrong
yoiaoning'effcct on the ﬁecompoaition of’ NiC L0« A8

ﬂehydr&te& Bult sbsorbs moisture from the air ﬁuring
.handling. the effect of water vapour can be studied aimply
by nmitting the cold trap in the system. In ipperatus B
the water evoived could easily be measurea on the spirel
 geuge end hy'keepiné the mess of the samﬁla'constant, ihe ,
mraaaure'of,%ater vapour éaﬁl& be kept conﬁtant at | |
1.8 2 é.z.mm of mefcury. At lower temperatures the AR
equation only rits in the renge o= 0.05 - 0.40, the

. decay p@rioa being fittea by the Uko law, wherﬂaa at

, higher tamperatures neavly the whole ¢course of reaction
 is fitted by the AT eauation with n=2 (Fig. 108). The
rate constants are alwugs lower, however, than the
carrasﬁcnﬁing values wnen water vepour is removed hy
condenantion'in s trap. Tt ‘hes already been shown that
duhydratxun is - only partial even at decompesition
temyerutures ﬁnd‘that & certain amount of wster remaihs

in the salt p&rticulably ét'ihe reaction interfsce: With |
'fully hydrate& salt, this is aufficient to keep the nicael

axalate ut the resction interface hydrated but with tnia SR

: ’Q&?ti&lly ¢e-hyarateﬁ ealt, wlthaut & trap, there 18 o

suffloicnt water to hydrate only some of the nickel oxalate.'
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The'bgsélt‘isfa'feauption 1n1k¢but no'changé_iﬁlﬁ, aﬁ'oniy
.theﬁuhhy&réted oxéléﬁé«dﬁeampéses. The bre&dedin £n.the 
n=g la&‘at relat;vély eurly stsges is connected with this
inhibition by water. Tbus &t hiaher temperaturea 58 the
dahy&ration becomes more end more campleta tha renge of
applicability'cf AF. egustion 1nereasea.- ?he,inhibiting
- effect of water vavour is most pronounced on the length
.~ of the 1n&uatianvpariad? “nevarﬁhéléas the}véiue of tben
activatian energy, wheth&r determined frem to, or rrnm
either rate law remains unchanged (Figs,. 5d 7 anﬁ 8) 1n
’keeplng with tna sbove hyﬂotheazs.

he poiaoning efxcct oi wuter has also been
"obaerve¢ in mereuric oxal&ta (17) and oxalstes of the
lanthanon serles (&6).,
it was found in & fﬁrthaé.expebimentfthat water ‘

vapour does not pesct chemically with Ni nucleil, by 1 | h
con&eﬁsing all thengaéeoua-proaucta of &eépmposition‘at
'the'end‘cfia run in & epi&vtrap u&ihgrliqaia Ezvas‘capiant,
~‘whencc‘no Pesiduai gas prPGéupe wae oba@iveﬁ'sh6W1ng tha§:
f-no,ﬁé haa besn prozucad ﬁarlnﬁ the resction. |

| I8 the water vapour aiffusem very slowly to the
trep in presence af,u high pressure of gas, the subsequent
stu&v of affpct of other pases on *he decomnosition was

made without wttempting to eondense the water vapoura
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Beliz “ffect of Og snd Hgi Doth these gsses resct with

the products of decomposition and hence their physicel
effect (if eny) could not be atudied,.

02 presunsbly reccts with N1 nuclel, oxidising
the metal to Ni0. Cince the resction is followed by
pressure chenges the net rete ig the difference between
the reduced rate of decomposition of NAC,0, end the rate
of oxidation of Ni, This view is supportel by'the values
of ¢}/W (whereﬁﬁfa final deflectior and Vaweight of the
semple) in two csses., In run 178, 12.0 mg of Hiﬁaau
nroduced s finsl deflection of 5.6 ¢m on the spirel gzuge
whsn the decomposition wes carried out in vscuum snd
without u trap, wheress in the presence of 0, (pressure
= 80 mm of HE) Yo5 mg of NIC,0, produced 2.55 om deflection.
ihe two values of the ratio $p/V are 0467 end U.310 om/mg
respectively. If oll the N produced is oxidised to NiO
the nressure decreese due to it should be 1/4 of the
presgure of ﬂﬂe nroduced nrovided the reasction goes to
completion. Hence the ¢§/W valuea should be in the ratio

1% snd the observed values sre in good ggreement with
this conclusion.
| For W,

2
due to decomposition of wiazeu gnd then sturite to decreane

s the pressure in the system first rises

(Fig. 14) showing that e gas phase resction is occurring.

The precise nature of this reasction wss not investigeted
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but it seems probeble thut the resction is the reduction
of 002 by ﬂz’ for which the nickel nuclel uct ms & cutalyst.

o443 Effect of He, ﬁz and ﬁczi The effect of a veriution of

rressure of these geses has been studled keeping the
tempersture constent (276.0 4 0.5°C) snd the mess of the

ssmple within the limit 15 £ 3 mg3 the pressure of water
vapour was 2 = 0.2 mm of Hg. The induction period, t,
increases with incressing pressure, If to is plotted against
P (where T is the pressure of the gees asnd M 1te molecular
weight) a etraight line is obtained for K, end He, but the
effect of sz is more pronounced at higher pressures of
thies ges (Fig. 15a). The second resction is again fitted
by the 4% eguation with n=2 but the renge of X over which
this equation fits is lese, if.e. &K= 0,05 to 0.58, The
decay pert from o= U.55 to U.95 is fitted by UMD law, The
nlot of the AR pate constant spainst \[ﬁﬁnshows & sharp
decreuse up to J@&'u 4G, wbove which it remains sppreclubly
constant slthough there is & considersvle scutier (Fig. 15¢).
U0 lew rate constints chunge more reprodacibly with the
pressure of the gae end the plot of UMD rete constant
sgeinct yPE  is linear (Fige. 15bj.

It has been shown in section 4e.11 thut the presence

of water vepour retards the decomposition of nickel oxulate,
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The rurthmr’batarding Bffact due toc these goses seens
éimp1y du& to the slower diffusion of waiar vapour from
the resction zome »xcept'thnt the effect uf‘cmz on the
1n&uct1nn g%riaﬁ (Wig. 1§c) which is more yronounced.

- This shows thwt the higher preaaure of cﬁz resct with
Ni nacl&i, thua proleonping the in&uction perioa more
than do the other suees, He ana r&. sftep th& slow

| growih'pgriod;’tna ﬁyégific‘retardation by'ﬂaa'is not“
observed owing to th& 1nhibi£ibn dfvtﬁe reaction by thé;
water, Gl&&riy any b&ek»raaction during the 1ﬁductionj
period is more apparent 5écéuse’of the maﬁkedly | |
,Mutuwcatalytic n&tura cf the kinetica.

~ For the sume rsaaan, there is & aharp drow in"

the AR rata Qonat&nta.'
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The thermal decomposition of ssmmonium

1 p@rchlarate wud 1rst studiled by %aoum end Aufsohlmgar
(1) ﬁn&~§o&e (2), who both 1nvastig&ta& the nroﬁncts
‘.of dencﬁvnsitinn. noﬁa rounﬁ them to be ﬁa, e Sla
| 4n20, "0, end N,0. Later Bircumshaw und Ncwmnn (3)
undertook s detailaﬂ kinatic stuﬁy of the thermal
‘deeamyosition of this sult.. They fbana in aﬁ&itien
to the sbove: 3162c~ﬁ319u,&n§ R,0, in the graducts |
of decomposition below 300°C. Bircumshsw und Newmen
agrea'with ﬂu&a'that the eguation representing the o
bulk of the &acémgdaitieﬁ ﬁbc&ucta'bglow 3¢0°C‘1s:’
4N “uwh —p ECL, + 30, v GH0 v 2N0

AFof_the reﬁatioa thqy'yropose the féllawing equetion
a8 being moré'répreﬁentétife'abové 350%C, though not .
aampletely gu&ntit&tive' ‘

Tne low temnaratuve aeenmpaaitian/(a15 - 300“&)

dié not Fo to completion, but ceased efter X = &¢3,
‘leaving & residue or %Hhclﬂh ahemically 1dentical with

the salt &nd snowing 1denticel x-ray_patterns. Galway
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"_ani Jacoba (4 have confiraed tnia &n& ahowa& tnat the
residue haa ‘much greater aarfuas eres than the original
sslt und curreaponded to blaeka of mntarial of size of

the ﬁawa ur&er a8 that cf maaaic blocks 1n the aryatﬁl._‘

They have eancludeﬁ that tha low~tem§arature r&&ction“‘ |

'ranreaenta the aecnmpnsition of steeined matarial in

the 1nter*moaﬁie grain hcun&ariea. wharaas the high-

teapersture reaction (;) veprasants the. aeaompoaztiea'

of unstrained matgrial forming the core of the mmaa!c'

. blocks.

A nxides of the tranaition metals (such o5 |
| _#noﬂ or Fe Gj) showed & strong cutslytie effect. wore-
.’than 305 deeompmsltion naeurring’ana the inﬁuction
pertod of the reaction heing reduced (3). Caseous
_smmonis, on the othar\ham&. 1n¢raaaed the induction
peiiud and rﬁauéé& the r@ﬁctibn rata.i ddition of |
| %Huﬁﬂﬁ or ﬁelﬁa reduced the 1ndnctionl§eriad.
‘AﬁiraamShaw and hawmaﬂ (3) fitted thelr results for
“the laﬁ-taQOvature reacticn t0 the ﬁrout-?ompkina (6}
.6qﬁ&tian. o |
© o im, («/1-«) = kt + c
wheveas &ﬁlway ana Jucobﬁ (W) fcunﬁ thut the fit of |
this equa&ian WEE nnt unlrormly aatiaractory. Visual .

. _cbsarv&tiona of wnola orystels (3) shnw that the

nuclei are farmei an the aarface End grow three-ﬁimenaionally
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until & coherent 1htarrace is built up which then
panetr&téa into the cryatal. '?ﬁis madél.laaﬁg to
tna k&n&tia equation whlch ai§roximataa to: .

' -l s ) |

Thia ia Xnown e&s the nvrami~mra1eyev

.equatian (728)0 | |
The resulis are fitteﬁ satlsfaatarily by thﬁs aguation

“with n=3 1n the prthqrh@mbic‘region snd nnE in thg‘cabio
fegian' This model is aanaistant with'the,oﬁaerved‘  
Tacta. Sehultz and Dekker (9} have eslauiataﬁﬁthe rate
of linear pregreaaionvof the recction interfuce throﬁghi' 
en emmonium garchlorat¢ artha1'an the hésia‘ar sh -
assuﬁeﬁ model for ﬁhe tfan@itian complex, and bampar@d
their results with those found expsrimentally'by |
“mircumﬁhaw snd - ﬁewman (3}« The high-tempﬁrature reactlcn‘
18 fitted by & contructing~cabe fn?mula (532
| 1 - (1--«)3 = kt |
fwhich can be 3nwtif£eﬁ theoreticslly in contrast to the ‘
ampirical power lsws .
| D= kt® _
'uée& by Dircumshew knd ﬁcwman.CB} (with n:ﬂ.ﬁ).‘
R Th& bausic’ stegs in tke tharmal decomgoaitian
of hH Gluh are propoaed to ba an- electron transier
nrocess for tne lawwt@mgarature -decomposition, an& &

'protanwtpanafar process for the high-tempereature recction.
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~Gulwsy end Jecobs (10) heve aléo~atuﬁ16d -
the erfcet of Rnﬁ on the thermsl aeaampositlon of :
Eﬁuﬁlﬂh There ia en 1n1eiul raat reaction whi¢h,
_sfter an in&uatian ymriod s deaslera@ory; ‘when  ‘~ -
this reaetian ceaaea, the rast of the aalt deccmﬁoa@s‘
riacaardinp to the unimalacular decey law, Tho inztial
raaatian is b@llaveﬂ ta ba c&talyaad hy %n*a 1ann
‘Wbieh wot as traps for elaatrmna. Thia enda when thg
gontuct between the salt anﬁ cxide surfacas ds lost-
jran& the ramﬁiaing amlt dacompaaaa &8 1&olatea bloeka.
Carbon cen catelyse the high-temperature
resction (11).  The kinetice in the presence of
- aérbon'are rittéd b& a'po@er lew but the valué‘af
_.the axpon&nt n variaa witn temperatuvt. nt htgher o
 ‘ temparaturea. ignition of the sample due to aelfnhﬂating -

. OCCUrS.



the poneral heab conduciion equation for m
gxothornde recotion :z,xi an dnotropie medium at eonstant precowe
con o wrilien aot
Gpiar/at) = AWT + Q (*%%) )
vhore Op 4o tha»s;mcii'ic haast at conglont rocsme
{cal.«;‘éeg‘fiﬂ ma&lw"’l}, C the conesntration (nole cz‘&*3), 7 ﬁm
abgolute %xﬁgmraﬁérﬁg, t the time (oea), A the thormal
aondustivity {eal :m“’l degg"l pae “"‘1}, VZ the Leplacim oporatler,
Q. the h&zavtévz? _ge:i?man (eal male™) and (7,dC/d~t the
rate of reaction Q\w@h} at tesporatare T%, Hogt of the
inpordant self-heating theorise have beoen concermd W th grseous
aysbons, ‘.ia.wa:«var, thoy con be easily appided o solids, In this
text the equations ore writteon in the foza diveeldy applicable
to oolide, Thorciore, squation (1) will be re-witteﬂ. aes
Gp n{aT/ds) = VAV T 4+ Qo ( v‘“/dt) (2
wore n ip the mugs of the 5134 ot tine {4y my the initial naps
and dt/drihe Cractional rate of decmposition, Op and
Q. are now in eal g”l. Here thre: bacic assuptions are
ussally oedes (1) o 1imar Iaw of degonmpocition, i.e,
AL At =k = m"iﬁ/ﬂ; (14) the congumpbion of resetants to be
seglipible; le.es @ =m, and (111) replacesont of the conduction

torn VAVT by a heateloss o RS TwTy) 3 At 1y Lo noted that
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. this wae uamenav" (iz) aasumgtlon of & unifarm |
‘tempersture T2T (put see luterj. Equation {2; mey
_thén be written &3: _ : : 7‘, T

'lup m, (dxfdt) é -¢SgT~T ) * élm 4o #iﬂ? | o {3)
" where T 1s now the mesn tempersture, 5 the ﬁurréae‘ar&a 
‘of the éolid, end f' tha errective heat transfér
eaefriciant. The f:rst two aaaumwtinns nay. be Justified
1& many casea but may prov@ to Le aerioue anproximﬂtiana
in ath&rs. The third aaaumpt&a& uf uniform tamperatare |
has beaﬁ nede by Semenov (12), Rice et el (13) and |
Todes (14). OCray snd Harper (15) heve aﬁbin'th&t suchl
’an’aséumgtion‘ia,justifiﬁbla, ‘The sssumption of uniform
_ tamgarutﬁre with an abrupt sté@ et the surface earraapenﬂa“
' yﬁyﬁically to & rauéténtAof infinitezcanductivify &nd 1ow"‘
ennisivity, wherees ?ranx~ﬁaﬁenctakii'é pnethlﬁta (16) |
thuat the ﬁ&rf&ce tempersture T; is ezual te thst cf‘the"
surroundings 1, , cuérgsgands to the other éxtreme, iee.
low éou&uétivity with high emmisivity. Reul cuses wili,,
hqwevef, lie in beiween these two extrémea.‘ Thnmsa {1?}0A#
félleﬁiaﬁ Ghambré,(fﬁ)ﬂhﬁa mhown'tnat thé éguation for
&qch an intérmediﬁt& csbe mey be solved undér.critical"
conditions., The heat tfanmrer to thelboundary‘is:
accomiing to Frénk-ﬁémenetskii; )(dﬂMXQ; ,anﬁlfram the

boundery, sccording to Semenov, igs K (T-T) .. The hest
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can&uctinn aguatian is thus- aubjmat to the general

| bﬁunﬁary eqn&itxan‘ , . _

R “T) 4 ?\(dT/dx) S W

",nr 1n terms of dimﬁnainnleaa tamgeratuﬁe = E ,#(T4T°)fr”

IR | - ﬁwo% N

and aimensionleﬁa aiabance 3=x/% where Yo is.

& chmracteriatia parametar (raaiaﬂ of aphara or 1nrinlta'

cylinuer af half»wl&th of iﬁfinita &iub} ‘ o
AT S LA O ) N N C R

ahan { X'Q/>} is l&rks, 8, is snull und tne aistribution,

wpprOacheb thut cf hnﬂuzamenatakii. #hen ( x Y /)\

o 1a am&ll. uamcnnv a aalution is abtainea with T ind&ﬂﬁnaant

of noaition. $r&nk—hamen@tﬂkii 8 aaaumﬁtion mekes L
unifurm t&mgeraturﬁ impasslble: the te&perature v&riaticn
e ampreximately~parabalic (19) with & m&ximum at the .
centre of twﬁ reucthnt. Criticsl stu&ﬁy-at&te cané&tionsg;.
in terms of the tempﬁrature or surreundinga, Tﬂ,,are‘given ,
» by th& &quationz o “ B - f» ‘

B (a/RT f—’)Qmer 3 VS 'Y }‘ (&)
»aghem m the geomaﬁr}.c fector, viz., K=o f‘ar' an |
_infinite sleb and ~ §, = 0,88, X=1 for an mrmue

| <Ae;1ind¢r snd & az and k = 2 for & aphare anﬁ 6, = 3.3&.

o traatment s

- The &nal&gana axﬂreaaicn derived from the average~temgarature‘f

(E/RT )Qm Ae‘* ¢s/e - v(xw)?&/re | (7‘)‘"



o section.

B3

_ haeuaae k&) anﬁ (?; sre of the 8&&& iorm g
} mnd (&) is uiwaya traa. it is clear that the aniform (
‘ temgarature apyraximation QEn alwayﬁ be used with sn |
"effactiv& nest transfer coefficlent given by: )
¥ =S/ xt ) ) = ANy, o (®)
Vnrtharmare, Thomas (20) hszse alaa shown thet just ae
- 90 osn mplaea 9/»?\/\'; s when thermal ‘sonduction miong» |
s importent, wimilarly an avﬂrpll hest trensfer
caaffiwiﬁnt‘x " carru&?onma ta the intvrmeﬁiata caae- -‘»' 
this 1s given by: S o
AL =y s o (9
4 ”hua the ume of an srfective uniforn temparatura
is in keeping with the spetisl aiatribution of the
temperature and not mersly & orule agproxxmatxan- ‘

N 4§Jﬁtiﬂn {3) can now be 1ntegrazea on tha lines
of éﬁmy'an& Herper (15)e This trestment is ﬁﬁﬁﬂﬁtially
the ssme &s thut of uemensv (12) with the addition of
the qgaﬁr&tiaAﬁykrpximation to be discussed in thia
The term e “E/RT gan ve written w8 e E/“T e,
where 0 = (7=T )“/R” M. Thie 1s obt&inea by exﬁanaing X
the argumant of the exponentiul term, = /ﬁT. by o saylmr
.spriaa in (T-T, )/T and omitting all but the firat two
terma, 1.&.: o

Mﬁ*}f ~ H/RT, = {T-To);;:/mo? | o {1o)
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‘ In the qaaﬁratie ap@raximatian ir e‘9 is repiéﬁqﬁ bys‘

‘ 1@{@%}9-&52 o "L ”

o gaaﬁ &graament with the exponantial anproxim&tion is
‘.ontained for the renge 6 = 0=1 (19)s Equetion (3)

mag now be written in terms of & as:

- (¢ maknz/ﬁ)(dé’/a’(-) = ~{x$RT, /5)91- Qma{m (e_z)9+9},q

 'gg@' . 2;(46/4&):: L%(ezzQT;)&+—& o {14)
mere a6 anYone ) 7R - G
Cea noe (BSor)y, a8

 Equetion (11} msy now,befintegratcﬁ:

Z

,
Y " , A6
t = - ~—— = e - (1)
| "whex-e s A% S | ’(15) ,'

“nly n&gative vuluea cf 4L are physicslly 3ignifieant.‘

-E/RT,

Three eases may be aiatingaiebad heres (1) No', o

 xrea1 ruota. “hyaioally thie corpaagonﬁﬁ to exploaion. )

- or

%ath@m&tically‘ | .
| (e-2-%)"C 4
le-2-7% | {t2 | |
DY L ue)

- {11) Tﬁg éeal roots. rhysically this curresponda to no“‘
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exﬁla&ibu.- ﬁathem&tically: o e

v Lo f"*,.'(1?2
Cand (111) T@e idsntiaal raata. ‘hyaiealxy this is tha
11m1t1ng_¢aﬁe gnﬂ darinas the explosinnAlimit, %athematiualiy

- 16
 combining (18) snd (14)¢ | |

R e

L M Gt T ET

et m e c

~vhen B ﬁv? - T/t o f,‘ ‘ f'(?9)

a In the limiting cnnﬁitlon when b = -1, from
'l’equatian (15):
' ’?.’ = G.

0!’ ' (Qlj/aAe)(ﬂ’T /E) F.’E '(].7;.‘{ (3'3}

}Hwimixﬁrly, qnatian (11} 1s raadily integrated whea
satislles elther (17) or {(18) to yiela BO(t) anﬁ hence
the 1nduqtion §e¢£cﬂ, the solutions sre in Gray end

‘ﬁarper?d~$ayeb {15).
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1a3. PHEVIOUS E0RE_OR TIC: RMAL BXTLOGION OF EOLINS

‘Maat of the work 1n this fial& hus been

conne&ted with lnitiation ar exploaionﬁ by friction A
&nd 1mpact., 3 full and eriticel &eccunt of this work
15 given by nowden ara Yofte (24} and will not be
- discussed h&re. qnly the thcrmal explosions sre
‘diacussed in thie section, ,  o |

' The tharmal ﬁecamﬁoﬁition and exploaion or
'Lmercavy fulminate wua~stuﬁia& by Usrner and Heiles (23).
 The @1ot‘o£ iog T wgainst \/T-{wheré ’r is the inductlan:
pebld& and T tne sbsolute témperature)‘ié linear. '”he
' meun valuﬁ fer aet1Vation anergy abtained from such |
plots 1& ;u keal/mole.v mhe effect ot cold worxing wee.
‘».alaa‘atudiad. ﬁyaroyen &nﬁ helium were found to increuae
the inﬂuction peria& hydre&en more thun helium. 'The
maximum riau in temparatuve was celeulated. tc ve 2° 800.
Vaughen anﬁ Philips (24) heve megsured the temparatur& af
looge marcurv fulminate unﬁargaing decompositian. They
| hmva canaluded thgt the thaorias besed on "salr-haating“
_extending only over s few mnl&culea (hotnsnats) are nnt
consistent with their dbaervaticnm. A theory bused on
chﬂinwﬁf&nching mechanism ﬁna‘axtenaive‘é@lf—haatiﬁg 6f‘
}tﬁé 3alt~h@a baen'prcposad; A micer Qscopia study of th&s
a&lt has 6aen,¢&r#iaﬁ out by Biﬁgh {25)e. He has reported |

.
~
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thet the minimumAéiz@ of the crystal which undergoes

- exzplosion is of the sume order of magnitﬁae\(ﬁé 2 3m)
a5 the values dgﬁived_fram theorctical considerstions
{1y Ble |
| The burning mnd explosions af‘aingle crystuls
of & nusber of sollds (e.g. mercury fulminste, leed
gtyphnate, silver mzi&e,'&tc.) have been stﬁ&ied'by‘
Rvuns and Yﬁffe (27)e VUsing " high speed cine camera
they have observed the erscking of single crystéla
‘aiéng orystal defects before exnlosion toak»élaée. £
comgarisan of burning rates in single érystalaiama in

8 thin film of these auﬁatmneea is given. The thermal
expiuslqns of varigua azides (e.c. ﬁeﬂs..T;ﬂz,i
irinitro-tviazida bvenzene and cyshuric triszide)}, which .
‘melt bmlcw the ignition.tamperﬁture. have been médg by
Ybffa'(zﬁ). The induction periods snd limiting vressures
of un inert gus Ior the explosion of trinitro-triazido
bensens have been given. Groocock (29) hes atudied the
‘thérmal explosion of o- lewd szide. He hes measured
the iatea df deaampaéition géiar to exp;onlnn and has

interpreted his results on the busis of & self-heating

theory.



Fe

] },’,33 SR SOy

Two apparetur, nadely Apporatus B and
Apparatun C hove boon uped to pludy the theroal
deerpogition of Eﬁiz{rlﬁé ond Re nixbres with i}az&.,
Apparatus § has bees:x:z degeribed in Fart I (Hoetion 2,2)

of this thoalsy only Apparatus © s doseribed heve.

This soparatue 1o showm dibgromontically in
Riggrom 4. 1he voaction Wbe B was comectod to
Apparatus & vin tws standard ground glacs jointe ';1
and J2 which wore eommected topether by a length of
praaMa twabdng Dy the joints é’l and ‘};3 and rubber
tubdng eonnections were wade mmmmA tight by plocin
WiXe Lhe uae éf rubber tublog was necesgary 0 aliovw
vhe reaction fube to be Lowsred inte the henting bath

when requiredy as &1l the runs were Jone under 250 un



presmurs of H;E’ thic graten jroved o Lo guite
satiofactorye 4 eyliwmdricnd stecl vessol eontodining
nolten woods metel wis ueed ag a healling bath D,
To noke the hend twansfor offieient, the gpace
betwoen the bath end the walls of the furnsce ws filled
by mopper £oil O and the upsor erxdi of the henting
bathy which projocted oudadide tic furnnez, was
‘inm;m:& with nebostos wol A to mininles the heat
lopeobe he sanole & was in the forn of a pallet
vith one junetion of thermncouple 1, eabeddesd 4n 1ty
it wap mode in the pelletl prose ehown in Dispram 4b,.
Vory fine chronsleilwsol wires (47 scvegs) wore
ussd f;:b:‘ thermacounlos TQ and 333. During poelleting
whe thoraceoupic juncbion was kept approdnstely in
the samo positlon inside the pellel exch time, tho
wires ooning ous the ugh the nolep in tae hend H of
the prenpy those were led lbrough the gpen grooves on
2op 0 avold roaking thes duvdng prossings

ihe saople with shernocouple Tp wan kepl dv
reasction tube R and the two therzoeouple wircs wre
dnmlated fron cach otaer by pascing one of lles

throuzh a f4ne gloss exxillavy, Tho wiocs wore toden
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st throush the vacmn dishi piﬁ&iﬁ joint Jy. the
Junction of thermocouple ’r3 wiLg Aay&. in the heating bath,
1, and ’1‘3 wora conreched dn oupopdtion and tho differonce
in o.mady ppplicd acrogs o provisusly ealilrated
- galwananeter G througs a vardabls gerien resistanoe, The
differonce in 4eug erames betwoen the poliet and the bath,

AT , could thus be noagared, Iac sonsitiviyy of
galvanmclor could be varted by varying the resipbinee
in éeﬁriw; vith no resistanes AT eould bo
noasared 45 = 0,0 *5%, with R=107 ahns o & 0,026°C, with
R=10% ac o & 6,200 and wlth D107 ches to & 1,6°C,
Ag tho welves of AT wors reasonbly larpe (of tae
order of 15% - £P6) 157 ohap resistance ws por wally useds
only in the begiming of ead run then AT s very
lorpe {the eamnplo being Initially ot room tenperature)
uag 107 ohme used, ihis was dcoressed % 104 olme as the
sanple heated up to farnace teuperatore, and all subgsquent
readings taken with this resistance in serios uwlth
galvanoaetar,

The teaperaturs of the heating bath ‘fo yas reewrded
by a calibrated chwoneleflusel thernocouple Ty,
The gyohen wap ovacunted for 2 - 3 hourg before

cach run, <he texperature of the beating bath wag

mainbained at & - 10790 higher than the teaperature ab widch



the run wus 10 be gorriad out, The gyobom was lsolnied
fron the puaps and diy .!:i introdueed 0 give 253 nn of
Hg prosoure, The two sides of podral gauge were isolated
ard the reaction tubo inbroduced quickly Ints the heating
bath up o u fized wark eo that She san vle, Ty and 1‘3
wore abt the same lsvel in tho bath, It was found thot
the heating bath came to thernel ewuilibriam § - 10°C
below the origiml Gespornture within le2 min, during
widch period the gampnle alzo attalred the tesperasucs

of the bath, JLozlings aiizmx AP were taken ab repgudar
intervals by resopding the »:Ia flection of the galvanouster
and of the golral gages. The teuperaturs of e teailng
bath wap ale checked durdng thoe run and A th a 1iitle

mardpulation eoald be kept eongtand (o wiihin - = 1,0°¢

durding ~ mun,
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APPARATUS C. USED FOR MEASURING SELF-HEATING.
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’ lf The ammoni#%‘p@rchlorate uged wss E,D ?. reagant ‘
pb&de. It was uaed as. such withaat fnrther purific&tien.'i:
7It was, however, ground in ﬂn agate mortar und sieved ‘b,
Tto outain fractions of Known partiala alz@. The fractioht
moatly u&ea in this wOrk was that balaw'zhu mesh w.m.a. -
‘(pﬁrticla ai&e'<55ﬂt Jo | | o
| “h« auyrcab oxiue uaea was ncgkins sng Villi&ma
'general purpose resgent of apecifieatimn. of 1.5m mEXe, v"
. ulkalis {Haz U.B;~msx., and uu20 88ﬁ»minimam.“ o V'
The wixtures were made uy weighing the ragairea o
'ameunta af two salta and ahakizg them tcgather, in &
| eamyle tuhe, vlgoroualy for 10-20 min. till the mixture

A appeared‘uniform.
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3.1 THERMAL DSCONPOSITION OF “PURE" AMEON

5014 Reprodueibillty-and’Effacticffqg Fraaaurez‘ The

-repnbguéibixity'of the results wes checked at 265.1 .2°c”
undep hOd mm pressure, The At plots of three runs.

‘an fragmants cf two difrcrent rellets are ahawﬁ in ?1g. 1°~
. the results ure fairly repradueible.; The effect of

varginﬁ Ky presaura in the system wes also stuﬂie& at tha
sam temparatur&.‘ The purticle size of tha salt used
wae { Gﬁ/k #nd this material is eelled ”rxne"‘powaer

in the future text. | | '
~ The paraentage aaaomnosition increasaa with
"1nevmaaing pressure of Ny ﬁnﬁ became constant at pressur&a
ﬂbovp 250 mE of HEe The.numarical.valuea of percgatage_
dﬁcowpbaition &tlé,function.éf nitregen~pre83u#a are

givan in Teble 1.

Bz ?her&al Eﬁeempoaition of Cubic rﬁ elau.-, The thermal

&ecownas;tion of “pure" ﬁﬁhelua in the cubic region

-( ) 2&3° J was staﬁic& for pellcts mude frcm material of
’two.ﬁizferant ?m?titlﬁ‘ﬂizﬁb, nameig, "£ing" (<(66~ﬁ1 ‘aiagj
&n& “caﬁbsa“ (152‘?‘1?6 . fpérti¢le aize}.: The Pﬁﬁﬁltﬁ ,
‘; for pelleta of "iine“ powder could be fltied by the i¥

eguetion with n = 2 froa X = Gel3 to X = 0.83 (riﬁ- 2); -



S

but for pei;ets‘dt “course" powder &Efequéﬁion fitiea
. the results with n = EAih tha ﬁ&nga of X = 0,03 to 0;307.
and with n =1 from xls O.&ﬁ - 0.85. The actlﬁétian
energies obtainea ere 27.2 kcnl/mole for both “fine" &nd
':“coarma" powder from nE rate eonbtanta with n = 2, end 24.0
xcal/mola for "coarsa" powder from AR rate cunatanta with

1. The ﬁrrhenias plot 1s shown in Fig. 2, snd the |

numariaal values or rate constanta with the range or

K over which the equation hol&s ara'given 1n~Tab1e 2.,f

3. 13 Thermal decomgoaition of N’-}uvlo in orthorhombic’

on: ' ‘The thermal decomposition of both the "coaree"
and the “fine“ material was studied in the orthornombic
N vagion (b&lom auooc). The. resulta coul& be fitted by thc,
P eqﬁatibn with n = 5.' The range . och over which thia
eqnation hela WaeE rrom *‘ = Us2 50 UedD on &n &VQP&E&
for. both the materisls. The ﬁrrhenius plot 13 &hown in
'Fig. 3; thm yoints for both the materials lie on the
;eaﬁe ﬁtruight 11n¢. The aetivation energy obt&ined rrom
- this plot is 3&.6 kcal/mole. “The numerical values ar AR

=rate conatanta &re giv&n in Teble e
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TABLE 1
THERMAL DECOWPOZITION OF “PURK" AMMONIUM BNRONLORATE,

 EFPECT OF Nz PRHSSURE OF to AE RATH CONSTANT AND &
DECOMPOSITION, B -

Tewp. 265.1 * U.29C.

Run P

Run N, o tg._mm - k,,\md.f:."’1 % decomps -
Ris 0 Lo 0a1810 1741
R 13 23 - 340 VNI - 16.y

R 11 162 C O 2e% . QWOTBO . ZUeY
R16 250 - beS ORE LY 2249
R10 © Loo SO P CeUB30 2148
R15  LoO 5.0 - . &bz
R12 760 5.y V0810 2149
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| OBITION OF "pgag" ﬂwgoxgum ERCHLORATE. |
- cusie k.G;mw. RATE CONSTANTS DETERMINED FRON A8 EQUATION.

 Heterigl: "Coarse”

, ‘ns2 - J,Z‘nn1 |
Run  Temp,%¢ 10%/7% k,min”! oLerpnge  kmin”]
R 21 2487.5  1.9205 . 0.0286L 0.03-0.25 0,02350 .35-9 ss
K 20 257.2 . 1.8854 . 0.0B136 0.02-0.30 0,03040 0.26-0.82
R 18 27243 - 1.8332  0.09265 0.01-0.35 0.0623  0.25-0.62
R 19 280,0 41,8077 . 0.1259  O.03-0.37 U.0840 . -0.15-0.82
ﬂg&eg;a;'“wiac" '
R 32 245e0 109255 O.UBUST 0.01=0.92 = =
SR 16 265,30 1.8570 0077 GeU6=0.72 = 0 =
H 30 256.4 0 1.088U  vebb2uz UeU3=9esd - 0 =

R 2710 105376 V.10H5  UWUI=0e7T1 = -
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TLBLE 3

| OF _MPURE™ ARMONIUY PRRCHLORATE,
 DRTHORROMBIC REGION, ReTi CONSTANTE DETERMWIKLDL FROE

¥ FATT O

AR

e " n=3 |
Mute Run ZTemp,°C 107/7°%% LBk, minT'  orenge.

® 25 283.4 240157 JeduF36 VaUG=Ue 96

LR 2L 2278 4.9955 . UW1380 VeUH=057
"Oospse” R 253 2504 4 SBHT GO 720 T UeUlmul 57

' ‘ R Ze &394 Texbbe  Uslehiv L et 58
| R 2§ 20,7 2.0247  0.0UT14 - 0.16-0.60
URLne® R 26 28748 1.5Y55 © UJO1E00 0.05=0.57

oo
[ o
-~

b
N
Cis

23741 1.55%6  0.02050  0.03-U.T4

23446 41,9810 3,01630 Ge0bmueT8
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FIGURE 1

T-D. OF NH,CLO, . REPRODUCIBILITY. «-t PLOTS.
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FIGURE 2

T.D.OF NH,CLO, . AE AND -t PLOTS.
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FIGURE 3

T.D.- OF NH4CLO, . ARRHENIUS PLOTS. AE RATE-CONSTANTS.
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342 THRRUAL DECOMPOSITION OF ,mréemh:cuzc HINTURRS

: &11 work on NH Glﬁa Cu,0 0 mixtures deacribed
-in tbia -Bection and subgequent aectiona w&s done by
" aeing "fine" powder to make the mixtures of desired
qampésitiona and under s pressure of 25U mam N,, unless
~ otherwise stated. sll percentages ore expressed as |

mole percent of Guzﬁ in the aixture,.

_ The errect of
varying the compasition of mixture was studied ut
;z70.3° 1‘0.2°b. The $-t (where ¢ is deflection of
spirsl geuge) plots for different camyusitiqna &re shown
';in‘Fig, 4. The mass of the sample Lor each compoaitionf
waé choaen to'kcap thé amount of ﬁﬁkélou‘constant at
about 25 * 3 hg. The ¢L¢:'g1dt§,ahow that thers are

~ two types of reaction which lesd to ‘explosion. ?hap

variationvor‘t , the time for axplasicn, with nompoaition
,of the mixture 13 ahawn,in Flg. 5. The time Tor cxploaion
1ncréaaas:iith,increaaing vercentage of Cu20 up to about
10$‘abeve~wn1ch it r&mains appreciably constant; above‘
203 Cug0, °C decreases sherply, indicating another
,meehaniam Toxr @xgloaion, and decreases linaarly with
further inerease in amount of CupU. The numericel aata

is giveﬁ‘in T&blé_&; The mechenisy by whici: the explosion



Y.

occurs st above 20 Cu 0 mixtar¢s_has,been‘aéliea‘thé
"first mechsnism" end the other thev"éeéonﬂ mechenlan'.
The eriticul composition of the mixture which divides
‘,‘;ée range or ﬁheae,meehaniame,ﬂapenda on ﬁaga of,the:‘

sample and the teaperature of the reaction.

5,22 The explosion lig;ts:‘ The criticsl mess Tor both
types of explosion was found for differsnt compositions
- at & constant iempéént&re of 257°C.  Tha7p1Qt,orr1 |
Vcritical wass, ﬁ*, sgainst mole i of Cu,0 13 £he mixture
is shown in Fig. 6., There are two distinct.boundaéies'
ﬁiviéing the zoneé of ezyiosion by the teo menhan&ams_
snd the zone where no expioaibn'can oceur, The two .
types of éxplosioﬁs cén'ba easlily diatihguiabea from ]
theirfp~t plots, aslexploaidna by the second mechﬁﬁiém
ocauﬁ éft&r & relutively long time durlng wiich the

pressure ln the system deoresses.
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FIGURE 4.

THERMAL JGNITION OF Cu0:NH,ClO4 MIXTURES. Pt PLOTS.  p

n 1 6-0-
!
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FIGURE §

THERMAL IGNITION OF NR,,CLO:, P Cu,O MIXTURES. W
VARIATION OF T WITH CoMPOSITION

T Aec.

® [
Teme. 270-SC.

MoLE 9 Cu,0



oo

15 -

50 -

FIGURE 6 _
EXPLOSION LIMITS FOR NHyClo, :Cu,0 MIXTURES. m'- Comp,
DIAGRAM,

* ‘ | ] TEmP. 257 €.

INDEX:
S ' for explosin.
L’ Ist. mecd.

& » fr esxpdaseon
" 2nd. uuc'&.

1s¢ mcaau;':n .

end mechancstm O ’ : (0] Ex}(udu 47 Ist. meck.
@ Exploscan Loy 20d. mack.

X No explosion

15 30 hs ¢o . 15" mole ¢, C«,0
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3.3 THERMAL DECOMPOSITION 4S.4s Cic,O: NH, 610, WIXTURE.

Tho ragro&ucibiiity

o was checked by making aavaral pallets end dacompaaing
fpugmants of &pgraximateiy samie mEss st 26Uk 2 U ﬁ G
The r&producibility of ﬁ: s time Tor exyleaicn. from ,
 9¢11@% to gallat Wes aeod and the variation in wete
- or the~$ame,orﬂer 8B for fragmants of same p&llet.i‘?hﬁx
‘~‘méx1mu§“§ariatlen in the velues uf‘ﬁ:'waa'f,saﬁ. These
values abe.plotted 1n‘F1g. 7 and variation 1n_.15:,‘for o
the semples of 45 ¥ 5 mg mess, is from 147 sec to
160 gee‘ror;rragments of different pellets. The
_dependence of L on maes was slao stu@ieﬁ;‘ Thq‘tima'
~ for. eiplbaiun 1n¢raasea “1th 1néreaslag mags; this
| 1ncrnaaa 1s 11naar althuugh the resulte for aamplsa or o
mass. balow 30 mg ‘show & canaiderable seatter (Fig. 7&}.”
- This was sleo studled in vscuum at 26us6 > ? 0.2°C and
| under 250 mm ﬁﬁ praaaura at z?o.b ¥ 0.2 u' tne aame
'affect was founﬁ{(?ig. 7b,and ?c), the numerical valuaa o
are givcn‘in ?ablea,ﬁ end 6. 1The increasa in ¢ with:;

. mess is of the order of 1 sec/mg.

48 the prwaauref

af gus. evolve& nrior to sn exploaian wes very small for  ,;- .

"this eompositlon {Fig. 8), gre»exnlasion kinatica nau&ﬁ
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ceal& not be analyaeﬁ.‘ Howaver, if log (ﬁr Qs ) 15 o
‘plottad against ‘/T (wnere . 18 the mean time taken |
rar exploaion, ana T

. ¥ the &eat~um tim@ was found

‘,‘emgirically ta ba L5 33@), a straiybt ’ire is abtainad.

- Pig. © shows thia plct. The valua or ﬁf at aach
vtempavatur& was obteined by taking the mean of threa

rana st thet temperature; 4% w&ﬁ found: bty trial to ba S
_th& tXme naeeaﬁary te bring the pointa at ni&ﬁ tmmyev&tures
‘on tha aam& atraiaht iina as thasa at low temperatareﬁ aa

| 1t onay becomes imyortant when ‘T 1is smelle Thw

activation energy abtainaﬁ from this plot is 33.4 kcal/molﬁ.,
'The numariaul valdes of 1nﬁuction y&viods mre givan 1n -

Tﬁbl@ To

33 5 ‘1 1im: | &xglasion limits fer exvlasion

. were found by gradually ﬁecrsasing the nmess of the aampla
at & particul@r temyer&ture until it failad to exolade.

. The baunﬂavy dividing the explosion andnon«exploaion
regien was faunﬁ in this way by repeating the pvecedure

at variaua tamperaturea. Such aAnlat is ahcwn 1n Wig. 10
end the numariaal data 1s given in Teble 8. The curve
which amparataa explosion and non~ex§loﬁian region in,"

B thia plot shows the variatien of criticsl’ masa with. |
temp&vature. The samylaa of muss very near ta the arlticml

maﬁa, dia not exploda but anowea 2 uonsideraola acceleration;

these wre merked by owo@ézﬁgfﬁaé&& circles in Fzg. 10 and
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ere olmost on the boundsry line,



 Cid,,03NH, 610, MINTURE.
‘Jm *?iﬁl l,{ 2&1 " ‘f;:
: _ ‘,mp :a mngla whaln rellets made in th& mall gmllat pz‘au.

P 2@&1@& mess,me - C.sec

CRM .6 2040 o133

Rz " at.s o 138
R4 000" o2k 127
Rl " 2%.0 Cothe

Commes M 3 136

& 47  swp | 3w . 158

Cmes Y ualT 158

R " by - 452
RS 7 6Eed B 1
R Bz " We.3 Wl
RS53 "  us.s. 160
rRsy " Cohzew . 19
mse v ato 133
CRBT T 3.6 - 138
CRE 8 435 155
CRoBh Y 20k 12k
R6s " . 234 126
66 . " 38,0 - 138



. MASS AT a?&.ﬁ x a.2°* Faq 5. 357 Cdzpzﬁﬂqelﬁg &zxrung.

®3 5 8.8 MW
R82 1 "f‘fuﬁ.a'rff -
RE8% " Wl . 02
Rty 12 13.0 68
R4S " 0.4 - - 60
R116 " 5.8 - 53
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THE INDUC ERIODS FOR ‘
5%§f%%%%%E%f%ﬁgﬁﬁiﬁizéiﬁﬁﬁ%ZE%EfL£h“g§§1§§i§§§§u§§* 5 mE.
Q’Kﬂ l&5 5360

193423_ .;gg_ Taudua_ Sza:;si;szg
105 - 251.u . 1.9062 - 250 |
106  251.2 - ,9069‘ 26 ».259 | 21& -
107  251.0  1.9076 263 B
100  256.2  1.8889 186 o -
102 256.2  1.8889 195 190 145
103" 256.,2  1.8889 188 . - o
52  260.6  1.8734 147 o
53 260.5  1.8737 160 152 . 107
5S4 260.5. 1.8737 k9
60 260.8  1.8726 155 . o
61 260.6 1.8734 - 153 153 - 108
62 260.8 1.8726. 150 .
97 266.0  1.8546 109 R
98 266.0 -1.8546 121 - 114 69
99 26640 . 1.8546 113 S
82 ﬁ,270.2” 148403 95 o
83 270.5 - 1.8392 102 99 54
84  270.2-  1.8403 101 - - S
85 275.2  1.8235 83 o _ -
86 276.2 1.8202 93 87 . 42
87  275.4  1.8228 8L | |
88 279.8  1.8083 - 83 .
89 280.0 1.8077 78 8 36
.90 - 280.0  1.8077 . 83 -~ . "
91 286.9 1.7854 69 » R
92 287.3. - 1.7841 67 69 - 24
93 287.4  1.7848 70
9 . 293.4  1.7649 61
95 2934  4,7649 59 . 62 17
96 293.2  1.7655 66 -

WO W WM KRR DNl NN RN D W
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P LR
THE BXPLOSION LINITE #OR &5‘392¢Cagﬁ:KE&61¢& ﬁIX?ﬂH$.

£ = explesion; NE = no explosion; NEA = no explosion but

scoelerstion.
Run Eng. BB Hemarke. |
R 408  518.4 556 NE
R 109  521.0  35.4 ng
R 110 S22k U8B0 NEA
R O3 521.4 235 NE
R 422 523%.2 5043 KA
R 105  B2hit W60 E
R 106 Szl 38.6 3
R 107  52het  hB.3 B
® 112 §2§a§ 32-9 ﬁgh
k113 528.6 Z8.h B
R 114 526.6 2.8 . NE
R 129 531.6  22.2 E
R B3 533.6 2u.0 B
X 42 533.8 1.5 5
B 41 533.6 20U B
R 63 5338 1546 KEA
B WU 533.6 4.6 EEA
K hée 533.0 1440 HES
R BT Bi5.8 P e
R 120 5350.8 13.6 3
8 147  938.4 8.8 NEA
i 118 5uOLO 5e5 R
R 115 Bh3e2 1041 g
R 444 543.2 58 E
R 115 5U2.0 5e8 %



FIGURE 7
HS 4 ¥, Cu0:NNyCloy MIKT URE. VARIATION
OF T WITH MASS,
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'FIGURE 8
454 9, Cu,0 : NH,CLO, MIXTURE R-t PLOT.
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FIGURE 9
454 9, Cu,0:NH,Cloy MIXTURE. INDUCT/ON PERIODS TO EXPLOSION.
ARRHENIUS PLOT.

log T, (Ace)

7, corrected for heat-uptime
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FIGURE 10

6o
m me EXPLOSION LIMITS FOR 4s-4 9 Cu0:NH,Clo, MIXTURE.
X |y ML TEMP. DIAGRAM.
o
@, 0
0]
4o-
X
{NDEex
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, ¥ NO EXPLOSION
204 . @ No ExPLOSION
' BuT Ace™,
o r Y
240 250 o 260 270
TEMP. C




‘ .  108.

3.4 THERMAL DECONPOIITION OF u.asﬁkcaga;ﬁugazeuﬂazxruns.

L] :  The reproducibzlity
of ‘the msuna Tor this mixture wee checked st 270.5°C m o

 the sume vay a8 for uﬁ,sﬁp mixture. Tha va»zatiun of k

(nn axponantial lew rat& ccnatunt for prﬁ-exylesian ‘_\'

L raaatlen) and ‘tf(tha induction peria& Tfor expluaion; with

| the nws or the asmple m shmm in Fig. 11& axaﬁ ‘Hb "c
'nnowu & ganaral 1nareasa with msas whurean tha valuaa ar
k'are scatta»aa. However, ro» naasaa vetween 25 - 35 mg
~ the values of k vary only by 0% wnd - ‘those of e by
7'- Bfie “harafare; BRS8ES bﬂtwmun these limits were used
in furthar atu&y¢; The numarical éxta fram thaac ohservationu‘*

i_zis given 1in ?able 9.{~;;

kinetics: The pr&-axylnaion reaetxen could be Titted by
an e:puﬁential law for thia mixtura. ?he extcnt of fit,
howaver, depended on the aonditiana of reaction, i.e, |
"‘1wh¢thar the aample axplo&ed, or aia not axylaﬂa but was
close to tna ax§1aaian 11mit, or failaa to exgloae and
- was wexl "belw the mg»loaion limit ¢>-z g&nd (lag ¢)—-t |
‘(oxpanantial X&w) giota for theas throa cssea Bre ﬁhown
~ in Flgs. 14, 15 und 1li. Fig. 12 is ® plot for one tnat
"'exploﬁed; .the axyonantial law hul&a in the baglnﬁing



”“,but namr thb uxplasian time tﬁe rgsatian heuaaa: much
 £&5$@# then raqalred by tha exganentiel law (Fig. 12h). _

:,vFopuaamplea vgry neur,tha xploaian,limit;tha e;ganantlgi
"1éi*ha1&a aii"tho ﬁﬁy ﬁntii'the ﬁatar!al'ia exhsusted and :°‘H

j-tha yraduct gasea ntart to: reant with raﬂntanta aauaing alf

“1'aegpeaau 13 pressure (Fzg. 135}, The thira case is that

of samples muah below the axplouiun 11m1t rhan th@

’ ﬂiﬂaxgenentisl law inj halda dnring th@ acaelaratory period

. (Fig. ihb) an& theru is & decey period which 1s of course I
."nat ritted by thie 1&w‘ The Arrhenius plat of tha ’ /
exponential law Pate ean&tanta fav 50 3 g aamglen. 18

,ahomn 1n<?ig. 15“an& the &atithian enorgy abtaiuaq rram .

 this. plot ie w.m kcs:t/:mia. _‘The plot of ;mg (.- %)

‘ ‘against ’fT‘ waa nlaa & anraight line (where 1’ 13 tha
mean inﬁuntzon yarioﬁ to expxaaian dataruiuaﬁ by taking

’ the mean ‘of two or three values or ’k‘a& thﬁ samu tamperatura )

'.’u&ad T, ia & heet-up timu found ampivieally to be BQ sec).

._The aativatlan @nergy 6htainea from this plot ia 28.1 kca&/mole‘
'(Wig. 16). The numarical date for theae dhaorvationn iu ‘

- giwn iﬁ &ﬁblﬂ 10-

fj;ﬂﬁ,mznlegsaa,&LmL£§L The explosion lxmits for thiu

‘eompasitien were determtn&d iﬁ the same ﬁay a8 for 45 394
,mixtura (asetiun 3e33)e The dﬁtﬁ is given 1n Table 11 andf' |
’\tha ylot 18 ahown in Pig. 17. Tners ave again three types -
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- those which exylnaa and hecame f&ater than exgenﬁntiﬂl
“naar the axnlosion tima, thoaa which do not axylode

but ahow & very fast ace eleration (near the bounﬁﬁry |
lline);' and those whiah hav& B ﬂacay period (much baioh:w
‘the Saﬁh&ary line}. These tygea Hre rmynaaentea vy

~diffarert aymbaia in ~ig. 17.
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| TABLE g |
. TEE_INDUSTION DERIQOD TO EX» é@“tﬂk IND TIHE RATE SONSTANES
DETERMINED FRON THE BXTONENTIAL Lyt S0R DRR.EXPLOSION
REACTION IN THERMAL DECONPOIITION OF Ll567 Cu-ééﬁﬂgemo! |
 MIXTURE, WETRODUCTRTLITY TND VERT/UTON VITH TPE WARS
OF_THR SARPLE, “M%ﬁ, z&,&”a, | AR

Run Pellet memg k’,aee"* v, sec
R 123 18 30.2 0.0182 . B%
CRAZG M rESGH . 0.0188 0 o 328
CRAZS M UBal7 0 0.6 . 307
R126 " &0 veuir2. - 2%
R M7 " 6.y G.0105 337
‘A28 Y B4 ®E . NE
{ ey h’ ‘  S 35}05 RS Uﬂ"@h _‘ ) 515
CRA30M il Oeuzel 335
SR " 1640 Deuigh 269
CORAM3Z " 13.5 0 Qewzbe - zhe
CRA33 " 25 olt212 280
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SR I33 16 T 270.0 18O 25U - 0.0212
CUOR 30 M k70.2 1.8M03 335 0 L G.0z24
S R429 0 270.e 1.8M03 M5 33 283 0,020
18 2700z 1.8403 30T o 0.0216
feh " 270 1.BWG3 3B - 0.0198
4z3 Y Z70.5  1.836h 325 320 290 6.0182
7 2 E76.0  4.8208 26 . 040356
W8 M e .BeUB . 233 2e$ 199 0.033
135 1% 282,06  f.8011 185 _1*/-0.u5ah’
134" T EB2e2  1.8U0 185 185 155 )
46 kBB.s 1.7643 1E0 P 'La.uuuh-
RA37 A% £S%.b t.7645 421 @y 85 .
CRA38 Y 30u.b CA.TI6T 84 e
B3y Y 3ees 1.7373 0 sy =
RAR _",Jqﬁ.@jf”f.?3&7 B -
RAWC 20 Btzeh A.7076 T3 =
CoRAE2 Y UBeds 1,076 78 75 ws -
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FIGURE I

THERMAL IGNITION OF 4.5 9, Cu,0: NH, CLOy MIXTURE,

0L: VARIATION OF R WITH MAss. b: VARIATION OF T WITH MASS.
G i ~{
0-03+ h ) See - T, Aee.
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FIGURE 12
T.D. OF 4.5, Cu,0 : NH,Cloy MIXTURE
6+ | 05+ '
a: ¢-t PLOT b. lg$-T PLOT.
P cm | by
Temp. 251.1¢C . Is)
' : m e 3&-2 me. -
4- 7
0-0d4 .
42' I
(L3
0 Lﬁﬁ:— ““C—* N . i
o ' 150 boo hso s sv0 525




7.4

$01

FIGURE 15; -

T.D.OF 456 % Cu,0:NH,CL0, MIXTURE.(2).$-¢ PLOT (b)legp -t PLOT.

TEMP.Z'/1-5‘°¢.
m = 287 me.

0.04
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FIGURE 14
T.D. OF 451, Cu,@:NH,CLOy MIXTURE. (0) b-t PLOT. (b} legp-t PLOT.
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FIGUREIS
y. ARRHENIUS PLOT . EXP. LAW

4.5¢ % Cur0:NH,Clo
RATE CONSTANTS.
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FIGURE |6

T.1. OF 4.56 % Cu,0:NH,Clo, MIXTURE. ARRHENIUS PLOT (INDUC TION PERIODS.)

'z’c CORRECTED FOR HEAT-UPTIME
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»To0 3 1-80 .90
16/T °K.




FIGURE 17
ExPLOSION LIMVTS FOR 4.5(¢|Cu,0 :NHy CLO, MIXT - TEMP. DIAGRAM,

-+
H
}

m
ho{ b 4
INDEX:
© ExPLOSION
20+ ©® NO EXPLOSWON
BUT FAST ACc™
%X NO ExPLoSioN.,
1
o ¥ L L ) .-
$e0 520 5o 560




11u;

5;5 ?ﬂﬁ%ﬁﬁL n%seémaﬁzmxau o7 23.9% {Vgﬂ'ﬂﬁhfnﬂu RIX”URE

1‘5_~§§glagiggﬁli§;&gl ﬁ,variatzer of t&mperature anﬁ tho 

V.‘maas @f thm namplu for thia eempcaition showed thut the

explonlan cauld eenur by both. the ueahaniama d&panﬁing upenﬂ‘ﬁ

the choice af thaue twu variahle. Fig. 18 shows pnt glot

ffar thrae rung. - e16 at 367¢5 C with a 1&.& mg sample
gjhwhzah aza naﬁ explada. & 1&9 at cé&.ﬁ”@ w&th 18.2 mg uumpla"

“whieh axyladgﬁ by the second zechanxsu and i aéo at 2b§.£°ﬂ :

| afwith " 30.6 hg sample &xplo&eﬁ hy the firut meahnnism..

- Hence, cxplosicn limita were reun& batweon th@sc threc

”77ragxons. Tha method was' asunntially the ssme u8 dsacribe&

'praviausly (seetian 5-33). ﬁ>plct ¢f tho exylanion 11mits o
" i¢ shown 1n ?ig. 14 snd the date 18 31th in Teble 12. The. -

‘ L two bonndariea desoribe the v&riatiun~bf aritical muan. m*f"

, y1thvt¢mge§atunq, Tgs for the two ‘types of explosion.
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_ -Thgi“ 1< )
oy uxvncaxwv &zaxw. FOR 23095 cans §3“8£c§ MIXTURE .

_‘EI; = exylmion by !‘wst mc;naniam, Byp = explnsian by secord -
¥E = mo explaaian m@ohayism.
Run i ﬂ - 'Eﬁ%’. c ! [,‘R‘amjérks"
492 - 25.5  ,.=51 o5 . oEEL
195 0 3746 - 535,70 n0 0 Bypoo
g6 W2.0 o 0E7.7 T Bp
197 &d.t - BhG.T o Bp

198 0 200, Bh3.z OB

195 - MBaz U . sMLT 0 Bpp
20O - BUeb o Blads . EBf

201 1.0 ST  A gz ;i;V

20c . 1.6 - SuBez | NE

203 87 . . %83ez . o By

2oly 7.0 5Y3e2 0 Eppo
205 23.3 53.2  EE

206 3«3 B3z .. EE
207 ° . @bt 0 53ez 0 Bl
208 . 23.5 53 BE

209 . b3ez 5e3.7 . NE

210 . 3643 52%e2 | Byy
211 7.5 bhsez- . Epp

212 15,0 . - BuB.2 By

213 0 - 7S L BBGL2 . FE

21 8.8 o557 Egy

215 . 6.2 . 3532 - Byp

216 6. BMC,T - FE
217 0 b3 bkl Byy
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FIGURE 18
T.D. OF 23.9 /, Cu,0: NH,C {0, MIXTURE. ¢ -t PLOTS TO SHOW TWO MECHANISMS,

ne cnp(asi -

R,

® 2‘7.;"c; 14t mg .
O 2uy$¢; 182 me.

O 200.2°c ; 3e-6m2.

f
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FIGURE |9

EXPLOSION LIMITS FOR 23.9 95 CU0: NH, Clo, MIXTURE M= TEMP. DIAGRAW.

INDE X :

O ExPLOSION By st MECH.
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's“uﬁm“541m&vh'm?7‘=,u : 11, 610 ﬂxaruﬁgb.~f~‘

"»ﬁ_

ﬂll the war& ﬁa&criﬁeu in tnia aactin& wes &ana '

in =pparntas G under o prasaure or 2§u mm nf h-.

It w&e'raunﬁ thet "pure"

’ammnntum parahlorata &t a§‘°“ shawa very 11tt1a aelf-haating.

A '\Wig. 20 s*mwz plata ol ¢~t and AT—(‘ ror a 4% mg aamglu nr

- "§ure“ Niuﬁlﬁh at 255 Ce “hure 1& & vary amall maxima

' (m '! 2% 1!1 AT csrmspﬁnaing to the maximum rate of = =~
.raactlan. .Hgnce, the daﬁcmpaaitien of‘“pure" NHuGiOb ¢aﬁ"uf
- preasonsbly be regaréa as isothermsl.. Tﬁé vériation otJ‘=”
| compebitinn of- cupraus oxidavammaniqm gerchlorata mixtura‘

showed that’ tmw wre two maxim in’ the A‘\'—t plot; tm“;.;ﬂf

o ﬁarma;;on& to the two- x*eactinn mahmiaaa (aeaticm 3e21)e -

Bath ai’ theaa mexime mereaﬁe witn 1ncreasins peroentm ,

of mzéﬁ in the mixtum, ’13. 21 snaws g;}.aw fex*

‘ Avuriaua uoszpamtiem from Tubi fuum w ls:s.ﬁ,m ioﬂ ¥ mixtms
"at z:f;ﬁ 22 C.  The maw 0!‘ the smgﬂe ves takecn such w to

~ keep the amount of NH 610 in 1t conatant at 45 : - 3 m&. The

u
~--1raductian pariaﬁ :t?er the firat mfmtien 15 mnskaa hy the

haat»up tims but the induetmn p&rioﬁ for tha seconci mwtitm

mammaa Mt.h imreusimf amoum of Cuzt’}; thw is in"

. &wewent with the. rwulta dwerib&ﬁ in aection 5.21. *'“ne

] variatior of ATM“ (for beth fimt and second. z‘euctiorxs)
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e with mola percant ar wu,a 15 shawn 1n big. 32. ?haaé;‘
| valuea have baan,abtainad rram Fig. d1. ﬁ7¢6w Quaé ;
- mtxtar@ axylcdea by tna saaenﬁ m&aﬁanﬁam Eut 2045 Sa o
mixture ae&s net aué thﬁ ﬁalfnneating due to aueanﬁ |

' ‘raaatiwn is. alsa smal¢ beeﬂusa “ nanaideva%la amount nr¢  ]

'j-tne a&Lt has been dnaamposad by tue fir&t resctions

5;1589 u&«ﬁ mixturn ahawa canai&erabla aalfnhe&ting ﬁu@ to
Tfihe.fir&t vaaatian (1b°“) and h;.b )vuau mixture axplodan
.by the rirst machanisa. ’ AR

| ”h& atep An ZXT~t gznt durine the haatuﬂp peried

:-}ia aua ta yh&ﬁﬁ trunsitian (orthorhambie to oubia) wiiah_%_ 

  faccurs in wnaezch ot ﬁhﬁ c..‘ o -

3,62 sl&f~heating in 25.007 Cu, J-a ati nixture: This

vmixture cen . anly explnda by the first mechenism end if it fi O

:"daaa not axglcda by thia mechaniam ths aelf»haating dua
 to the sscond raaction 18 very am&ll and 1rreyreducih1w..,'

 AA$ ‘the 1nﬂuction ywvioﬁs to expicsians by the firat

 machaniam are - ﬂmall the tamgerature ranga in whiah aelfn }"“‘L

.“heating caa&d b& studied ror thig mixtura waa vary limited
:r-iﬁue to the an&voi&ably/long heat-up time ( o2 ain) 1n .
Jg@paratus Ce ?hrae runs at different t@myeraturas with ;

aampla& of 65 & d mg masa sre ahown in’ Fi&. 45. £1 et :‘

;u.;“c ﬁhowa amaxl aalfwhaatina { Cﬂxm“ = 5°G) aue to

first reaetion &nﬁ there 19 another »mall resk of h
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»ih} min du@ to secnna raa&tiun {nat ahewn in Fig. £3),

:& 2l et 2&?“& shows & paak af 8°" du& to first raaetinn
\,3anﬁ annthar»of 1 2°C at 23.5 min (not shawn} due to sacana
 resction; R 35 et ‘62§“ expladaé { = 2.5 min) by the

-:ffirst meahaniam,

§.63 'Self-tieating 1n17.765 Cu,0 X 'This |
3 63 3elf heating in 17.76% Ca ﬂﬂheiﬁg‘mixturez

gmixture can: axplnde by aithar maahanism aenenﬁing upun tha ‘
rmasa or. the a&mpla anu the tam@aratur& at whiah the raﬁetinn f
taak ylaae. ﬁa&giné the Base canatant within E5 b gp mg an& |
varying the tamgerature of the ra&ution it wus abaarved '

‘ chwt &elf~n¢uﬁing,aua 40 the Cirst reac&*cn beeama sore

‘[ au& &orﬁ pronaancam 4& the tamparatur& 1neraa8&a until at o

| ;'9?9“$ (% 33) tne aa&ple axplu&&u ny tha firat mecnmniam

‘¥7£F1£. 29}. The vaiue of activatiun ener&? dbtain@d frum e
103 ta L1} 1/T‘plat {uharm t is the 1nduction perioﬁ i
- cnrrecteﬂ far haat-ap tim&} 15 57 5 kcal/ﬁele (?1g. &5}. L

‘~3.6a %alfvhﬁating 1n h.ﬁé ﬂug

i3 &lah mixtura: "?hia‘fT’
’1‘mixture a@n be mede to exploda only by the sccond |

"meahanism. ‘The Aﬂtf ﬁlots Lor this comgasiticn in. the

| “n:tamy&rature renge 235°C to zﬁﬁaﬂ are 5“””“ in Fig. 26

_Thera 1s vraﬁtically no 3e1f~haaﬁirg dua to Pirst re&atxen“

up to tempar&tur&a as high a8 271%. (R 5 ot 271°c ahows "“

oA maximum qf'anlf 1°C for rirst resction). Wwheress, R by

at é&‘°” (?12; 25}'ahewa'an~obuervable self-heating due



B V'“E‘o,

-Vte first r&actiun but explaaion still uacurs by the

‘secand mechaniam. This caapasltian waa very sultuble. fov,fi

;ﬁtuﬂying aelfﬂhaating a8 it &1iowa & wi&a rnnga of -
‘  ”t¢mparaturc tm wark in and tbe meehaaism Tor exnlauiun
- 15 the a&m& thronghnut. “hg induatian purioa. to' at

. which tne temperaturo of gnliet hagins to riae aan nlsav

"ba detaraina& aacurmtaly. A plot of log t (whsra t is -

"”the 1nﬁuﬂtiun periu& from which‘ the hnat-up time has'haan.,;; 
""~"anbtraated) agaznat \f'V 15 linaav (913. 27). The

1nativnt1an &nargy ror the nra-cxplasian raaction obtained,“H
rrom thia plot is 30.97 kcal/wala. '



FIGURE 20.
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FIGURE 21

4
SELF-HEATING IN T.D. OF Cu0:NHyCloy MIXTURES. AT-t PLOTS.
[ ]
ATC 6 o
4o 4 455, Cuye TemP. 255 £2. C
4 wr. of M cloy IN SAMPLES AS 25 ™y .
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FIGURE 22
SELF-HEATING IN T.D. OF Cu0: NH,Clo, MIXTURES. VARIATION
OF AT, .. WITH CoMP.

Alax TEMP. 26§ +2 C
4~
s O st mechantsm.
’ @ 2nd Wechanitm,
301 g
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FIGURE 23.
SELF-HEATING IN T.D. OF 29.0 %Cu0:NH,Cl0o, MIXTURE AT-t PLOTS,
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FIGURE 24.
SELF-HEATING IN T.D. OF 17.8% Cu,0:NH,Clo, MIXTURE AT-t PLOTS.
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FIGURE 25.

1US PLOT, (INDUCTION
17.8 % Cu,0: NHyCl0, MIXTURE. ARRHEN PeRI0D3)
lﬁto(m"”)
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SELF- HE ATING INT.D. OF 1.69] Cu,0: NH,C(Oy MIXTURE. AT- ¢ PLOTS.
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FIGURE 27.

46 %, Cu0:NH ClOy MIXTURE. ARRHENIUSPLOT (INDUCTION PERIODS . )
(oa tolaee)
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| wwmga
DECOMPOSITION OF “?Qﬁﬁ“ Axmnwgﬁgryyaggnanﬂzg_

_ . Tha kinetics of thg ‘thermsl aeeampasitian or
,“Pura“ uult mre essentiﬁlly the same an rmpartad by

':Gmlway snd Jecobs {u). wnd th& uctivution energles for

o ths rthorhambia and aahia regions (32¢6 ﬁnﬁ 2742 kcal/mole .

rraapaetivﬁly) &ra 1n gead ﬁgrasment ﬁttn the valueﬁ rsyortean-\

'hy th&ue authvra. The maahanlum of ‘the raaation can,;-fm R
-thﬁrﬁfare. bﬁ aencluﬁea to be the a&wc a5 ﬁcacribed 1n
}seutinn %.1. ﬁevavar. aa thu salt una& xn this study wna
.,nat recryatallisad (*har&ua prcviaua uutharﬁ uaa& twiag
_rﬂ¢ry$talliaa§ aalt) namu ﬁiftaranaeu in the velues of
"irate aanutants wa»e to be &xgeetad. ”ha valuas of rat«

, cenatants ﬂbtainﬂ& in thla study ‘were censiﬁurably highar

" then zhoue rapertﬁa by Golwsy end Jeoobs (h). Tnis is

fraatanible baaausa the unpearyatnlliseé salt wauld eant&in
‘j,amali smounts of imguritiﬁg which eould catalyaa the

y”raactinn. ' : | | |
Tha increase in para&ﬁt &ecamnaaiuian of tha -

| sslt with tha Qressure of nitrogen in the syatem 18 eaoily

- understooa bacauae “2 pr«saura wculﬂ aug;rcna the

m‘unmtim of the salt and bence mm mlt wlu ba
'@”available for thﬂ &eeoﬁpoaition resction. .
. Re&uaing the psrtials sige of Lbe atlt has two
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jlmpartant effacta ﬁn the xin&tiaa af the aecampoaztion. |
‘.?iratly. in th& cubic region the AK eguation rits the _“
‘ reaults with n ;8 fvom %.au.ﬁﬁ to q.so for the “fine"
"chwder, wh&ra&ﬂ fnr tha‘"coarae powéer it anly rits
_rrom uﬂ 03 to a.j&, the rest b&ing fittaﬂ by the U%ﬁ
. law (uaatian 3 1&}., vecnn&ly, tna ainccntinuity in tna
Frrhaniua plvt (Wig. u} &t the tamparatura of the nhaae '
,transitian (EHGQG) is leas fav the "fiue” powﬂer than o

"rmr the “caaraa“ one. Eoth ar tn&ae obsarvations ean

T eaaily ﬁxplaineﬁ by the L&G& tnat thmre ia na ﬂirfaren¢¢:, 

C o in: tqe rcsulta for tha two p&rtiale siaes b&low zh0°"i B
‘3(when there ia na phesa eaanga}. The phaaa tranaitlon
,»will prébahly reauit in extansiva craaking up or the i'
'crystal.:'“na affact of thla waqld be greater. the
larg&r thm ;artlcle aiza snd nenaa in ths cubia region
|  &he coruse gowﬁer woal& mainly aeeampoa& aa isolataa .
bioeka an& ths D law will hold for &ost of tna re&etion “
'which is foun& ta ba BOs . For “fine" powder thu ghaae -
tranait‘an woalﬁ result in less strain end leas d&m&g@
“_te the ary&tal an& hence the (AE eguation uith n = 2} =
. hol&s throaghaut. »imii&r&y, ths ditaontinuity in tbe 'f3”'T.
‘ﬁrrhaniua plut is amallar inr the “fine" nawder thﬁn i

thmt far the “ca&vse" ane.n
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fopr exavple, at 270°C for mf conecentrationg of
grestor tiam 23 (Fig.5.).

For lower calalyst comontrationg, the
golfehosting Inditioted Ly the oxddaitdon of C*.;z’E
dosp not lead fo cxplosion (at 270°C) but nay
relt in an acteleratory reaction ihich then eoapcs
withoub geibting fairly under way. This is ghown
by the peb plot 17.75% Gan0 in Figed, the fall in
presgare betwwen 239 and 103 gor baing c’fm )
oxidation of Cuyd, A% higher temperntures or for
higher masges, tho deesaposition pate of Ny «:3.”‘5@
would bo just thot much hishar to ensble the wat
darived from the oxldation of eatadynt o pencrate
a rapidly secclerbing procogs, ihis resilis inan
explosion, at this concontrabion, at 2799C, Ihie
resetion and ity mechanisn are termed as "firgt
reaction® and “lirst mochrniss’ regpectlvely.

if thip *liret resction®, ascisted by

oxidation of Gugdy fails o lesd to dgnition, snother

-n

#
‘ .
roachion sets in after o fow nimiben. (This iz torned as

apaeand roncbion” and its nechanim sa Ysoond necianiss®). This
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raaetion 13 neat prdbably the deoomvaﬁition af ﬁﬁuelou
4ca$a1yaod by cuo., Since the 1n1t1a1 pru¢aas wua helted
v,by 1nun of contsct hatwaan uu?d and<y¢reh1¢rata. the ,'
:, axiaation resction uu&t result in aomﬂ rv&rrangemsnt of
"the two ghanea in tne leosnly ecmpaatea paliet. somc
‘f mability of tha exiﬁe phuse 88 & re&ult of sithar rraaturc |
or aintaring on exidatiun to the di-valent oxiaa ﬁueau 3
prdbﬁbla. The largcr the melar fractian of oxida in -
"the original pallst the more oxygen is raqair&& to arfeat
“axidation snd renewal of contsct end the lcnggr tha‘
'.1ndaotlan period ta the "seocond reuction . Thﬁs the
rlncreasa in ¥ with aatalyst aoncontration up to B.5ﬁ '
Gu,0 (Figs 5) 1s consistent with tnie nypothesis. The |
\ahility of Gu& ta aet P a eataly&t w&s dannuatrated by o
v the rollawing exgariment.‘ Four pellets wore pede ccntaining,,
“raapactivelyj the sane melar cencartratien,ar Cu20 as '
. z-aeas.vea lightly axm:sua cu,0, highly oxidised cuze
: and cuu. Thsue faur pallats ‘were raapeetively pink, o
jginx. violet snd blaak. Tha 1ndunt16n pario&a for thn
" gecond reuctian ,» were in tns araer 4= 5<.d(.1 (?15. &8}.
» once- thie necauﬁ rcaation is 1nit1atad. aalfn
--heating from the axozharmie dacompaaition of ﬁﬂh&lﬁ
cuuses nnaaleratian of the raaetibn.whieh witnin auituhla
 J bangea af t@ﬁgeratuca, masa snd catalyst cancentration, :

E leaaa-to ignition. Exylasiunn could be 1ndnced dewn to
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| o5ﬁ antalytt with the sait&hla chalce of other paramatarm. .
V ' Fig. 6 shows 8 arcss-seation of eriticel maaa»,f7f-'
, tamparatur@-caupaait&an auvtaca at 25?”3. A8 ahall be
’:diacussea lator the ract that & ngun sanple wlll expleda
 dapenda on the rate cr neut genaratian due to reaction
and the rate af hest loss due to t#myarature difference ?‘H
batwaan the gallet and its surramnﬂ&ngﬂ. Fzg. 6 has bean
~1ntro&aaed here enly to eluei&ata, furthar, the Bh&np |
' dirrcranae vetween tna two types of mechﬁnieas and that .
‘ &t e@rtain campcaitians (u.g. 51p‘8u29) 1&nit10n may
tuke plama &t the name temgaraturc by nither maeh&nium
&apanﬁins apon tha m&ss af tha aamgle.‘ Tha mw - aampssitian
 chrve far "saeand reao&ien”'(?zg. 6} ahews 8 minima at abaat
.fu.as% 6u20 composition. This further confirmﬁ the
| :_hynatnaaia tnat thn aeeond ruaotian” in tne catalyae& S
'.&aaomgaaiticn of ﬂﬂ&ﬁlah by Cud, heuause st low eancentration
,{belaw h. 5%) a littlg irerease in tha amount of catelyst w:ll
i'eauas -3 oenaider&hla 1ncreﬂae 1n the reacticn ratc but nat;,  u
" much in the heet. loss conditiono (1‘a. calaur anda o
"cenauetivity of the pellet), and hance tha aritiaal maua
" ~111 decresse sharply.= Vheress, st nxghnr cat&lyst |
.cancentratinns (abova L. 5ﬁ au,c) the 1ncresae 1n rsaetian .
.‘r&tﬁ &ua ta aore eatalyat will be balanaaa by the oppesxngf -
reotor that mere Eﬁaﬁluh 13 bcing used. fﬂr the oxidation J

frnaetian 8o that the hest generatian factor (i.e. raactimq
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rate) will not chenge very much but the hest loss
-,faetnra are 1ncraaaing aausing en inor&aac 1n the

- eritiaal maau.

. The. ignitinn -

| of this mixture ocaura mnly by the "rirst meahanza&”-1
‘:bnaauae if the oxbdatian ar Cu,0 anen nat rmsalt in
7anough aalf«ha&ting to ignitc the sampla the ameunt af
.gammcnium parchlorate lert is 1neuff1ciant to cause
-1gn1t1an by‘the "second rtaetion".»‘The induatien.pariod; f
for ign&tion 1ncr&asen 11n¢ar1y %1th iacreauing mess af o
'aample snd the alope of this atvuight line ia indeyendant;
.. of tumperatura (Fig* 7);_ This is probﬁhiy due to an ol
'n'incruaaa 1n h@at up time af the 5&&91@.' “hu ﬁffcct or
"ﬁoing & ran in air in plece of ary nltrogen wee alaa
studied. Th» 1nﬁneticn p@riod in eir wes much lawer
(126 sec &8 caapnrs& tith 170 lec) than thﬁt in dry }
nitrogen. Thda again aheua thst it is tha oxidatian ef C
| 2 which atarta the ignitien reacticn for thtz o
, ca&paaition. | _ :
. The gre-ignition kinetiaa could not be stuﬂlod-1 
ee tha pruaaure risa hefur@ ignition wes very saall‘ |
| ﬂowgver, 8 velue of 33.& kenl/mcxa rar the aativation
onergy aaaacistad with this procean wns obtainca from a

plot ot log (7.7 ) egsinst i/? (Fig. 9} where 1‘ 1
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th& inﬁuctian peria& Tor igniticn (mean of tbrea valuea)
and. ia the hnat~ap tima (k, sec). Thia value of
fuctivatian anarzy impltea that althou@h the ignition
»reaation cansiats af two che&ical proceasea (Lees oxidation
of uuau and aeeomgcsition of hﬁuelaa) aniy one of them 13
_rmta ﬁﬁtermining. 48 the velue of sctivation anergy ”‘
abtained ia varg ciaae to th&t for thw thermml &eeompoaztien’
of “pure" ﬁﬁuﬁluh. it ‘Beems tn&t it is the reteadetermining B

fretore

Tg;:aﬁ., QT;, _of 7;“ mi res 48 the amaunt af A
catalyst ie 1ow in this mixtura. thu tharmal 1gﬁiticn i 7
" occurs only by' ‘sesond meahaniam up to temnaraturea a6
.hign ag 353.8°€. The prewexwiosinn reactimn is fitted .
i‘by the exgénentlal 1aw._ éa it ia shown later {gectiun ko 3)
‘kthat tha thurmal 1gn1t10n is anﬁedbtedly due to the self—;
vhaating of the saxrle, tha fit of the axgnnential law is _ _
”reaaonab;a. The rise in tempmratgre due to aslf-ha&ting ;5; }
‘will rmaalt in fastar aeemmposition rata which will cause :
& farther 1n¢rea$e in rate ot haax-genaratian. The |
<1nteréegan&enae of rﬁ&ﬁtkﬁn rate end rise in ﬁemparatare"'f
‘eauaaa ﬁhﬂ preaaur& to rise axpon&ntially with tima. This
 “a3yac& will be aiacuése& quantitativaly 1n'ueetian a.;.v =

"'It 13 ncteworthy thet the &uaampeaitian gaeu fuster thnn

- wonld corraspond to the exponential 13&. Juat nrior to



" explosion (?13.'13b} and r&ils away from the axpenaniiai
law in these rune. nhieh d¢ not exvlede {(F1g. 15b} showing -
| that the flt or the axpananti&l leaw 18 entirely dependent
:on th& rate of- salf*heatirg.. ﬂnﬁer the cr*ticai canﬁitions_
‘the axpanantial law holds 61l the way (?1&. 13b).,‘ﬁ1tﬁoagh,"
‘the temger&ture ar th@ aample is varyiry’yat tha axpanantial -
rlaw rata aonstmnt& giv& [ raa&&nable value far the
y aativatiun energy. Fig. 15 18 en ;rrhenias plot ef theac :
.’ratw aanstants and 2 activatien an&rgy af 45‘0 k¢&4fmole
~for the reaction 1: obtainad fram this ﬁlot._ Thia valua
ia in pood agraament with tha valua far ”gura“ salt &né"‘
| theyvalu&a (28‘14kca1/m01¢} obtainsd from the plat of
v~log (T-7 }. ‘where *r'zs thw induction yerxod to 1gn1tien \
‘end 7, the hest-up time found to be 30 seo (Fig. 16). These
:valuea (and othera quoteu in section L. 3) show thet sgain
r‘tﬁe rata ﬁaterminlnﬁ atan is the deoompaaitian of NW Slﬁh
Atha mechaniam for. which has been prapoaaa 28 that of
eleatvon tranafer (3, b} cud aataiynea ‘this reactinn by
'fncilitating.this pracess agvnew.the,ezectrgnvtvansfer

i rram 610£ io'ﬁﬁz} cun take plsce vis Cu®’
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u.s $h F*hE#TIFﬁ ig'wngmnﬂ@ IGEITION OF Cu Ozﬁﬁgslﬁ

| | Qiﬁl;mgggggliw “hu reaulta daacvibuﬁ in teution 5.6 ahan ‘
,~  that the theruul igaition -of {u, &:Eﬁhﬁléu ﬂixturas is :
-cmua&a by the aelf»heatin& et the taupl&. The zﬁTﬁ:t pletu
-rer 17.8» §32$ mixtura (Fig. 24) again confirm the fect B '
.thmt tha exylosion af uu 0.?%&610& aixturea can ocaur by
[twa éifferent meehaniamg (Eeetian h.?i)’, The “sacond“3
‘machanism daaortbea in 3ect16n Lot 18 further eonfin&eﬁ
4,by tne AT-t plots ror mixtures containing Cuzﬁ, lightly _
oxidiaa& Lu AL highly oxldisad Gu G and pure b&O (Fig. a&)..
‘The in&uatian paria& deoreagas in the order $u¢3 >light1y .
om&iaad Cu,o )hi&hly oxidised Gu,, U = Cul, showing that
- the decomposition is catelysed by suo. The degree of aelf—i-"
1haating slso decressss in the seme ‘order inaicating thet -
,heat is lost ﬁor& iuickly in mixturﬁe enntuiniﬂg bu@ (blaek}
thun in those containing Qu o (pink)e Tharefare, althaugh-
ﬁuo is & better eatalyst for tha initistion ci the reaotimn

j1t 1& not such an efricient eat&lyﬁt far ignition._-

| &,ﬁg ggggz oL gg;guhagt;gg Tha machaniam for the ignition ;

~ resction cen be based on selfhhaatine-‘ fualitatively the
',raaation rate for the decomposition of MHQGIGh is 1n¢r¢aaad

by the catalytic effect of a 0. (Pure Hﬁhﬁlﬁu nbuwa
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-practicelly aa sell-heating in this~tamperz£ﬁry‘ranga‘”

l"*frig. 2u). Due to'this'ineruased réta'or decowpouition’~‘

e the héet is gunermtcd &t @ fa&tar tata then it can e

;loat, canacqaantly. th¢ tegparatura ot the. aaaple rineh

‘.,‘“ leaﬁtng to fester rates of decomposition and ignition. :

uantitatlvaly. the heat balanan aquazien with tha ;;, §14
_”nusuwgtion ar unirurn tcnpa#ature aan ba written aar

C,,m- ”‘t_T—;aQLS(TwT)+Qmo‘§t - {22)

here Cp is the apaeitic hest (cal g~ deg 1); dr/ae ;f‘

[;j the rate of tamperaturs risa (deg BoC ’): m, “the maaa

"Aor oL ast

- ef tha sazple at any. inatant4 % . tne soefficiant or
V‘hgat‘trannrer (a&l en™® ges~! deg’ 1}, S , the auvraca
"ﬁréa'(a;g);._ T the tampersture of the sample &t any
;.1natsnt (deg K); g, the temperature of the aurranndings;‘
N Q; » the heat of resotion {cel 8 1); m, the 1n1tisl nass
of tho ‘sample (8J; snd A</dc is the Pate of fraaticnal»g
idecampoaitian. iy described in ssotion 423 tha
,pre-axponential reaation for Lo 565 cu20 aixture oan.bc
‘ f1ttsﬁ by en uxyanantial lsw. ,ampiriosllyz ‘

¢l: Cek{j IR ; (vfﬁ)

where ¢ 4a the deflection of the geugs, K the rste
- aanntant end t the time. Thie cen be written 1n't&rga' .

o= ffﬂ""‘ L4 (cfmyctt @
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where 0( = b is the frsction &asomyuaea when the "dwbmgdsitmn
censes (noﬁa ;t‘hat for }rzzasi‘% 'anl;y ﬁhnﬁt 25% of thes- tdtal
nags decnmgwaaa during the 1ow~temwmtum daeompoaitimn
“end consequently b = {}.:;5). C,b is the deflection
cormamndmg to comnlete dwo’mgoaitim ernd is equal to -
:a,b m, where a ie em spparatus constant ra;ating the masse
- decomposed to c&emectian on the gauge (for Apgar}ép‘asi G
& = 1.(2 em 'de’fleotion/mg Muélﬁu- and féz* Apparatus B,
& = 1.2 om aerlwtion/mﬁ; NH GJ.JQ} uation (z.tn cen e
writtan -3 : . . E
A s o<ofekf L @)
where &, = (c:/& ® ol* B | ‘4 | |
: Zt. nay be noted mm that k is not the tx*ue rate constant ‘,
(whica is varying, as the temparatune of the a&mpla variea) |
but an effective rate conamnt which 19 constent st Y .
partlcu}.ar value of '1’ even though the temparmum of me
Ealﬂ’ﬂl& 15 varying. .f-.s k is not the true rate ecnatant it;
also varies with the mess oft the senmple (Fig. t1a8) and
oommriaow cam only be made 1f the nass iz kept cmnatant;
 From eguation (25), det /att' e Rt . Therefore,
aquation (22) cen be written as: L
(c,,m) dT/dt = —()LS)(T %) + Qm, R (éé)'
Ler 6 =E (T_-r)/g , then egustion (26) vecomes
(¢, m KT, /E)a(é’/df - - (%KRT/g)ﬂ + Qmoko(
Aasrmn,ging and put.ﬂng mo/m = 1/{1=) Lrom e;uation (214)

,(g/‘((- = - (7(_5/c m)e + (GlEk/CﬁKT N</-x) (‘m
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Eguation {27) csm be integrsted by sssuming thet self- |
'cool}.ing‘t&m (765/9’“ 16 is negugwu obmpgred with the
self-heating term. This we term the zero-order approximation;
it is in fact the ususl a&ia’betié epproximation. wlth
this amproxiwtion eguation (27) can be wx'it.tan U

de = (52 LLSE o |
where = (¢ R, /QEk Yo Replucing °<ﬂ“ by Ax/k
rrom eguation (25) , 0(0(‘_“' ' ’

. !
oAb = 7{; (= Tk ) |

: Intaﬁr&ting between the 1£mits 0 to end 0 to
Cf: - Al K = ekt {28)

X - k kv, °
The appmzimatmn m tm 1ngﬁr1thm1¢ term is gao& for

o« {6/ ; experimentslly, it was possible to judge from
the values of ¢ at which ex;plobion accubrgdu that & never
exceeded Uet N - , | -

B ¢ ¢ explosion occ\ur& ot & particulsr value of =0,

(o)

the tlue for explosion . ’Z’ where ?'n cun be oalcnlaw&

I'ron egquetion “(ZBJ by guttirtx!g) 5 = Ny LeCo!
NRY, = L e ‘

I U/ R NTN S0 R . S

| ~ For the Pirst order spproximation, B in the
‘aeli'neaoling: ‘term of equestion (27) is raplaceﬂ by the E
‘V&lue faund from the gero-order arproximation equatim { ),

8o that (27) bvepomes:

d e /de = ~‘(7L5/c,w)(l/m;o)a(oeki (1/k,) (o(//-,at) | ({50}
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Kt

A8 M= m (1—-'«} and o e”" o o( eguation (ju) cen he |

mritten 863 { f,\CS , .o(dt_

L m e s '~?;:Z 1= ]__'1‘7' fv» ,(51)‘
| heylacing o dt by Ak o -
db = (ﬂ/k"f)“‘"‘/”"‘) ()

. where /8 = 1 - (7!.5/(: k).

. From eguatinn ( 32 ) expmaamna fnx- g and ’b’c&n be obtained

Coon integration 1o in zevo-order aawroximatian.

! ”‘h&ae am*

S esommyedt ey
 and . “ _ tm (’/k) L.(nk’l' //!a() (31&) S

 e33 E:;_glosig‘n 11mi§§,' ?rom eguatmn (324) 8 aritieal '

can&itmn for axplaﬂion cun be pmdicted becauae &8s - ‘ ,
N ./5—)0 s by —900 . "’“hexvetore, the ct*itieal ean&itiom -
:.’m :ﬂao'4 ‘ I | o
(763/0,, *k) =5 (3w
i:./m‘o

wmre m* ia the critical mess. writing k = ae

woe (sfon)e T e

'”*-?ne limits for u.bﬁw. 23497 end bhe35k °°m9°31t1°n3 nave

veen detemiued end descrived in sectien 3433, 3.1;3 end _:.51. ‘
' %‘Quatien (56) WES teateﬁi for these limite and plote af' log m |
'againat 1/T ere shown in Figs. w, 30 and 31, The - '

‘baundariee dividing e:mlcmmn aru:& no-exglc:sion regions are ~-

" streight unas ahowinr thst an eguation or the form (36)
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holds. The activation energies daterminad from theae
‘plots sare za.h kcel/mole for b.o6% mixture, 53.8 kcal/ﬁole
and 55.00 kcal/mole for 23.%j mixture end 1.7 keal/mole, i
'ferru5 395 mixture.‘ If the heat loes is mainly due to o
raﬂiation from the’surraca tnesa values ahould correagona..
~ to 3B as S o malé Bat the hest loss tarm is m&de up
of sevarai tar&a. 1.&. canductian thraagh thermocoaple ‘
which 1@ 1n&egenﬂent of muss of the sumple. canﬂuction
f:through the gless walls of the reactien vessel which is
complete function of mass as the aamplea aera irragular
in shepe and the eontact ares. betwean the re&ation veaael o
":ana the s&mple wonsequently ﬁepan&ea more on’ the ahﬁpe
‘then the mass of the reactint. #inelly eome hest is
»also lust with produet paaea which leave the sample while
thay are still hot.‘ Thererore. it in not unreaaonable to‘
| ,aasmm t*mt, 755' tem is- roughly mdugenaent of masa. Tha _
B 'activation energlas thus dbtained are in fair agraem&nt ‘
.' with (althaugh somewhst l@wer then) the values dbtained L
f'fram tha 105 'r’glats (23.1 kcal/hole fcr h.55ﬁ and 37 9 o
:kcal/mnle for 17.8% compoaitiau)¢ In contraat the ' |

activaticn energlea gssociated with the “first“ mechanism—."

 (1.&. 55.0 and 61.7 kcai/mela obtaine& from limita) ars .'
4»Fvast1y dirferent from the value dbtaxned pravioualy from
log plots fcr ub.BSﬁ-Cuau mixture (53.h xea&/molaj.

| The reusson for this deviution is not fully understood but
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ne the resstion involved Lo explen (f;;.sf-:. Soeuy *":1‘&"* W f
?‘iﬂ&&z{}% wbth plmaltansouc arddation of M)y this dncouraistoney
in the vsluos of sctdvatdon enorglee ds povhace not ton prorising.
o Lowse vailueg ol notdvablon ererpy obbadined fron 14m8ts o be |
regdily espladsod by oonpideriny eqguntion (B) sare domiy,
g mentlounsd Lelars {scotion 3.41) the oflnetive roto oongtant it
ie rob ordy a funetion of boyuaratare bub alegs of mps (0 i;ﬁ.mﬂ},
In detercdning tie 1inibe, ] is veros conddersidly end hmes
Bhe vadacg of BY ape po lomger s.zimnﬁ. ¥ oenan 'M}.@. Yoy lower
marass &Y fp lowsr fhan et interpointed fron the Avrhoniun
plot (detoradned vth 30 1 ﬁ‘mzz;\l@) ond hones wE
prodioted by equidion i‘?{‘a) ip A.aa:«w* then the exverinental

value, Lo aokdng the seldvabion enor y asparently lover than

o rund valud,

Fedt  dhe Wme talken for
orpiogion exn by exleulatod £ras squbions (2) o (34). he

yalusn uaed Lap Q arg C /’ are L2 osl /f. (A o 0,32
ent/ietione (Oobimatod by analoly with 33::24;-;’%:33}; % and X, a0
sutalasd ﬁm;t; zinetic dam!. inbde 1% dvop tae valuce of M
'Q‘? L o for a peviop ol rars fpan witoh a monm volus of

3‘”3 °'<° ﬁm b shisired o -’?.53 I’.l '3,..1’ . Tere oo Statttv‘

dn thsos valucs B w: *1"* 0T subiald Pnabor
LIt e BHA D 0, BTy 1 sy congdi tive

' nel Tuats R=- 2-303 h', ar K O deformined from 1.34;«”.{ bl
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755

e arvagg in ke Tho walus forgbidch dp recudred fo

biom {24 can be found from eomadion
*

ealouigte /3 in ey
(385)e lping the values of kmw, at 24590 An Apparatus

B otho value of S s J0035 ol zz«in‘l ﬁ%@’ﬁgli thie value of
2§ plvos P o= 0,84 st A59% nnd as B incvensop vith

grotaras 3% 3o of $ho ader of

tepperatire ab hijhor €0

£

unilyy dnopelure, who voluog of o Cnteilated frou the

wers and frelb opder soprosiaalions sep nenrly the swwe

¥hie 39, dhvoug bhe esupariesn of dacorotlieonl lines of log
agrinet 17T (ealeulntod Lo e =1, 2 ond o0 fves {Irst
prder anorondoationg Wi evepinentnl doba Ior LJEE atanturs,
she agraosent is ensallent and ssost ab high topardorecy
the aperimental polnde 1ie Lobwsan the dneg for ne 3 oand

noe 2y The deviation av bigh bouoorsiioree ooy be due 0 dneronsos

v bhy welue of XS,

Led) Caludation of Gt plovge umpmbion (33) fdves Boenr

o Duetion 02 €, ol Uw voluos of o(a s B ot

k,ﬂ—t pﬂa@ gan b dotermined tipcrelieslly o vordows
teosernturans  Fhig hag boun dore ugdng the dota frog
fpparatuag B When thece theorelinad ourves ave emupared wilh

At2

(o exatoentel O-T  plobs obtrdved 1o fopavetap U 1t i

By €

found $heh tho Indundlon seriods 4n lpenrstus O aro

*
204

.

f‘.r.

Llongpy than prodietsd fean the theory asing e dla fran
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B agpuratus B A8 k end do are conatanta in&apen&enx of

- epparatus these differences must lie in the velue of F
“1Thia is to be axpacted as the hesat 1@38 caefficient
will moat cartainly vEry with the avnuratna; 1t is
exnectea to ba higher becauae of’ the thermanougle and
bacauae the resction vessel 1& surrounded by molten
"wooas~meta1, The theoretical curves can ve ﬂiaplnced
" along the time axia by changing the value of B ; Thia o
 has been dana and Wig. 38 ahowa the agreament of |
theoraticai curves (with different values of ﬁ’ ) and -
experimantal rlots for j e Séﬁ Cugﬂ mixture. ”haae plots
ahcw that the value of k is 1ndepandent of ayparatus o
T pradietad by thaavy but /3 is much amallar in apparutua!
¢ than in Apparatuﬂ B. This 1a due to differance in the
- value of %S o These plots ﬁlaa indicate thet £S5 18 not-

 inaapendant of temperatara but in Fact incresses with T.

" Tuble 14 givea the value of ’)ﬂS ;at various temganstux‘ea .
end Fig; 39 shows its variation with tempmr&ture;~ For aA}_
inert solid, the heat trunsfer eoefficient anould be
‘independant of tamperature but for solid thst is rescting
1ﬁ ia not neaesaarily 80 for the product gases also play
& pmrt in, heat transfar and higher the temyarature highar ‘
\f;ia the reaction rate which cdaa to. the heat lass term 3

,thus 1nereasiny 1t.

Xt may ve notea hepe that 1n the sbove diﬂcussion



138,

only the ésanmptioﬁ of uniforn vtempemmm.haa ?beén Qade
whick ig gquite justificble (section ft.?) for the system .
Cu,0 :ﬁﬂu&ﬂa. Teking a ressonsble velue of A (0.650'331
on™1 de,» ec™! ropr Alumin&) and comparing /r with X
(cbtained empirically), 1t was found that X E A/ ana
hence the amumption of uniform teamper&mre 1& ;}astiﬂed
'(45) No other amroxlmationa haw been neceaaary bacauae :
- the use oi‘ an Ml‘ectiw rute canstmt mekes the mmatian

(22} euslly ,inwgmble .
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FIGURE 28
EFFECT
E OF REPLACING Cu0 WITH CuQ ON SELF-HEATING N T.D. OF NH LlO
q .

Tenme. 2651 ¢ lbc.
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FIGURE 29.
EXPLOSION LIMITS FOR 4.6 °/° Cu,O:NH,,Clo,, MIXTURE. TEST OF
SELF-HEATI NG THEORY.

{7»:*(3)
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@ No ExPLOSION BuT Acck
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4
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FIGURE 30.
EXPLOSIONLIMITS FOR 23.99/ Cu,0:NH,C 10, MIXTURE . TEST OF SELF-HEATING THEORY .

X

PLA?)

O ExPLOSION BY lst MECH,
. @ EXPLOSION 8Y 2nd MECH.
X NO BXPLOSION

380 185 1-% 1.95
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- FIGURE 31 .
EXPLOSION LIMITS FOR 45.4 9/ Cu,0:NH,C {6, MIXTYRE. TEST OF SELF- HEATING THEORY.

lootm* ()
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CAL
ALCUYLATION OF T FROM |st ORDER APPROXIMATION. COMPARISON WITH EXPTL. VALUES

[,a‘r(miu«)

b.6°, Cu,0 ! NHyCloy MIXTURE.

FIGURE 32%.
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. FIGURE 33
ALCULATION OF ©-t PLOTS FROM Ist ORDER APPROXIMATION. COMPARISON WITH EXPTL. PLOTS.
4.6 %5 Cur0: NHyClO, MIXTURE

X§=0:045 X$=0-038 -
° -]
266-9¢ 2683.6C ~ THEORETICAL
. ) | s 0.0l @ EXPERIMENTAL.
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2534 ¢
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FIGURE 34.

THEORY OF SELF-HEATING. VARIATION OF XS WITH TEMPERATURE.
h.“/. Cup:NH.,C (O" MIXTURE.
XS Cal miw 'dey’
0-0504
0.02% -
200 250 260 270

TEMP, °C.
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