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drolvs‘is Kinetics of IIMX W., {x Iosi Csv lJSIIW so-

RAWI 1.. i3ishop,C%rySkidmore, I?tiymondL, F’kwrtx, Philip DtN’(kw, TcrIy
Spmmmlli, JohnICnunerand David 13.ell

SodiumcirrbormtoIws km idmtilled asa pwsibk hydIvlysis magcm for dtxomposing
IIMX-hawi explosives[o wnkw soluble,ncm-cnmgc~icproduck, In this smdy, tlw
reaction kindics d’ sodiumcarbmmtcilydrwlysisarcwuimincdand a rtxwtionmodel is
dcvclopcd. ’17wmlc of hydrolysisis rcac~km-rutclimikxl, o wd m masstmnsfcr

Tlimitixl, up to 15(PC, Ommr than99% of theexplosive soh sin powderform am
~stroy~d in ICSStiurn i(t minutesat a tumrptmuumof 1WC, Ilw primary pruductsfrom
sodiumcarbonab hydmiysis arc .Wiurn nitrho, fonnatc, nitrate, acctak:,glycolato,
Iwxamirw, nitrogen gas, nilrous Oxi(k, anti ummoniw

htroducthm
‘l%cDqmmncnt nf Dcfcnscand the Dcpamncnlof Uncrgymustdispw of a large

voiumc of high explosive (HE) matcrial,i including uncx Iododoixhmnccand hulk
cxpbsivc4 mcovr.mdfrom agiq munitkmsatockpdcs 4 rdtimally, open huming/ n

xdctonatimt(oi3/OD) is t,mcdto dtsposcot’thcsumtils, hut cnviroruncntalconccrna w
fmccd lho dovokpmont of now K%lhnologics?I Ii oxplosbmaam usuallychamctcrkd as

n?’corn undsor mixtutcscontainingbotha tkl a an oxi(iinx which reactviulcntly with
Jrsm impact, thermal, or oiwtricai stimulus, Duc to noisoumcornsand the dispcrsinnof

UIXkSiddC hUMitIg f)ducLs, ()~()i.) k% mccntiy fa]lCnout Of t’avOrwhh SUUCJIti WI
regulatoryagoncics. This has rornptcdthe dovdopnont d’ sateandcnvironrnontdy

Lhmi n disposd alu!rmtivcs, ( o high explosive dqmsai nkrnadvc hcing dovdoped in
JLJpl- by industryand LASAimos National LrIhoru

‘7’
ia ho hydmiyais.

Iko hydml sisis a methodof hmukhg down h gh cxplosiv~ to organicand
Kinorganic salts, SOIUk organicuompoutuk,and benign nitrugcn gnsea(primarily nitrous

oxide, nitmgrmand ummmaiu), Ilw procw optmnesat ruladvcly low pmssurcaunrl
tumpurumrw+compad to C)WOD, is cmy w control urrdimpkxnerwandis a ckrrrcd
systcm. Dcpcmdingon the hi’ explosivetrcutd, the uqueousproductssrustiii cunsidcnwi

vhuzardouswrtw thutttquire urlhcrtmatmwrt .%vcmdpupcrxhave lwcmwrhtcn with
ruawrch hcing rfornwd by both p’ivatu and go {cmmcm kIbOrWriWk7

rCurrun y, un ummuniu.bawd hydrolysisprtKWMis opom(kmniat‘fhiokoi U)t,rcut
CYH rtxkt prupcllttnt? A Inrgwctdo unit isschcduki for impltmwrmthm Iatcr ibis ycur
Q hwh L@ihi Air I%rw Iluio and h Pmcx Plant in Amrih, Texas, In addition,
(3wniad SystemsDivision, a prqndiwu munufwtuwr in rmrdwmOdifurnia, is wing i.msc
i)ydrulysisto dustro wrutocnqnk mutcnuls$ 11Iuwhcwrtdctunnincddrul kc
h drdysiy usingSK um hyrlruxuiutitdhm 90°C ur 150%”is uneffcctivu mclhod b I.Irc
d~sprxmiof mttnyQxplwivcs, Wtrdwmotu, tlw hydrolysisrctIcdtJIIusin~ swlium
hydruxidcis rntrwm~fcr linlitcxlubuvcu ttxnperuiumd 70’’Cl’

W butwuwd mustOk in this pwccss issvdium Ilytlroxidc. W ksillilily 0(
utiingdium wtfbonulu ru WI Idkmludvc hnsu {0 wiiutu hydwxhk wtrsinvcstij:~ivd, 7il
bcuurumlrx’tilumidruull’cc[ivwrcwO( Mitrftt vutknutlc us An rq~wl l’t)r k hydmlyAMd’
[IMX, d W3X 9404 (W$I HMX, 3% t~iuoccllulo,w,3% chlwweihyl tiwsptmw, wmi

\(), I% diplwuyhmtinu),kimdc xhdic~ WCIUnulurnnxl, Pi!X !)404 is II ) u.sticbondwl
I \Cxpk?siw! dcvcdpd by itiosAIWIIWJ~AI(iuNI! hdNNlwy Id WCd k 12( i! Nluohh W ‘lIIu

1lMX mcd h our’ cqwihrrhl$ WAS in II w UUIWiwwdw’, whitih Iml UNtwerq!d iktitit’lc
diuhdw d’ 125 micr[m~t i“I’Iwh’ PI)X 94)4 Ohp!ritmwlsl tmdditl~ imtwdtv k w wiwi,

t!)ttidl)[ i’llt’tMl(! l! NIWril NCll! illWhi(’h & (Wt}.v. didul{’d i)ktd WON 1144! (1,lqM’ UIWkllidlltd ilit!cd
WILQ n M!)(! rtl)itfoxill)(d{!ly 1,5 imh!~ lrdt’ d(h’, ml W(!i@Cd 127 ~hrtti~, hhd(liofl [Iowdiv
Ctllltii,$h’.(ld’ SIlllill pwliljw+(Ir’ ph!$d,s td’ [)llislld.f:!)v( !lr.(1 (%phiv$! Iqt h) 0,5.1 L’111ill

dlrm!wr, ‘ilk) Cdlllk(lil(hlt!d [)1(!W Whh lllllllll(il~ll)lt’11 I)j’ l)lkih$ltlg lll(dtih~ i)Il\Vdt?l Ill ii 111$11
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pressurehydrostaticpressw snclew.m.xitcmpermrrc. Klnctic sntdi~ am m%dodm
quanduttivelyevuluutethe performanceof ,sodiumcn.rbonmcasa hydrolysisagent,

The cxplcdvcs wcru convcncd into nmt+xplosivc. aqueouscompoutuh by
tmntnmt with oithcr 1. 1.5 or 2.5 molar sodiumcwhonatc U[Award prwum, Ttw
fmcdon of the solidsconvcttodto soluble compounds,rmdthe cxpwimcnud time.
tcmpcmlurcpmtilo was usedm dctcmnitwlhc rate. The overall mtc was dcfcrrnincd d a
first order rato quation was dcvclqwd with urtAmheniusrutcconstant,



stirnwwusvurhx,l,A sunmwry of dw rungeover which Uwscpwamctcrs wmu wtricd is
shown in Tublo 1.

Tublc 1:

(lvcr fii oxpmlmcnlsW(?NWrformcd, At a wmpcrahimof I WC, a tmw
comxalraticmof 1.5M and a .solhtsloading off), 1gramsexplosive pm ml of Ilquld, over
9!)% of ths qloslvc was dmtmycd aftoi only Iivo minulos. Slgmfiinl dwlmclion
cllicicncy wasohwxwi for cxpcnmrmtsdnnoat tcmpcrmurosM low m 1.3W’C,with I!w
nwctionmto Mng mom thandouhlcnt150°C thanat IWC. ‘Nw pnxsum in the mwctnr
duoto the accumulationot’gaseous mducL$was as high as 300 pdg in tho l(loml nxuxor
d 71]psi in the 21. Parrructor,

nef
xlthou h the pmssumct’t’wxon the rate WM not

dctclmi ,no major chanp WM ohscJ whtx the prc.ssumwas vruicd hy either venting
or by having a Inrgcrt’rmtionof headqwc in the2 L reactor.

Tha cxpcnmcnts in which the mixing Reynoldsnumhcrwas varied from 7S m 6M)
showedthat [k maim ratewa$ not aft’cctwi[,sccI?igum2), This Is a ckar indicationthat
thon-actionis kinct.icallyIirnitcd in thistcmpcraturorange.‘i%c.snmccxpcrimcrmcwcm

Y
s ●ormcd using a ,sodlumhydroxido.snluthmwhich hashcortshown tn ha mn.wtmnst’cr

Imltod nhwc 7(PC,1 A uhan~cin tho mixing Raymddsnumhcrfrom 7S K) W).
cnrmqnmdodto u doubling ot the rcuctionraw. TIw sodiumcarhonau systemappearsm
hc kinctiwdly Iimitcd duc to dacIowcr hythwddu km cwxxxumtionwhwt wmpamd to
sulluru hydroxide hydrolysis,

Tuhlc 2 showsdw avcrug~aquwws and gaswus tuacdortproductsi’omlcdi Ot’dw
nmminingcarbon,336S%is t’wmutc,7% is uuctu;wand60% was not idcnliilud by either
km or guvAwmutugruphy, 111060% unknown for *C twul wrhon is most Iikcly in Lhc
limu of hcxumincml otherorguniccwht spcwiw. Tlw 35% unknown for the mud
nilrubwtiis most Iikdy Indu up 0( Iwxuminc, wnmoniu gns,ml ulhur umitusi



using an Awhenius eqd.ion. The fullowing chcmid quililwium mpmions and data wxe
uscil to deitxminc dw hydroxitlt iun amccnua[ion in thewc luw. H@roxi& ion is formed
by two reaclims with wuter.

K [OH- ].[ffco.~1
(1)co,”+H@-) Lw- +Hm- (2) K = ‘ [co; ] ““

~,,~ w -]w~co~]o)Hay +H4+ or +A4coj ........... .
= [ffco;]

I’nhh! 2:

I (Not dcwtcd hv Icor (x3 I I I



In omlercomodel both the HMX and tie PBX 9404 using dw samecqumion, the
6% of the massof PBX 9404 Lhmwusnitrocolluloseand chloroahyl-phosphate hudto b
taken into wxount, The snalysisof die PBX 9404 dm was performedunderthe following
assumptions:The 6% of tie muss th was not HMX did not affect k HMX-carborufE
rcaetionrate,and IJMnon-HMX mmporu.mtscitlwr rwwtcdquickly or wcm complotcly
solubleimmediately a.flerthe mction struwl. T?ICnhrtmlhdosc m tho PBX 9404 wusalso
assumedto reactquickly, cadng rhcPBX 9404 to fall apm into small

P
cles wirh sim

disrriburionsimilar to thm for HMX. These assumptionsrdlowcdfor 6 of dw mtw of
PBX 9404 m he dosuoycdimmtxtiatcly, with no cffea cmthe mmtining HMX, TIM
mom of embonwc ion eonsumcdby the nitmcclluloscwas *n into aecourm

Tahlc 4 lis!sthe Arrlwnius parametersfor h HMX and PBX 9404 cxperirrwnr.s.
Th~ &tra wwc tukonfor a W&S of cxpcrirnen~ and95% ~%nfiden~ boundsMCgiven in
the table. TIM data show that dmreis no suuisrkxddifferencebewccn he pururncu!.rsfor
dw HMX cx~rimenw and duxw for dw PBX 9404 cxperimcms. ‘ibis confirmsthutthe
assumptionsusedin dacanalysisuf W PBX 9404 compoundsareconsistentwith dtc
rwuk

Tk model can be usedin the dadgn of rcuctonand in scale-upto prwducdoni
Sinewtlw differencein the reactorsim did not .sccmto hrwcan effect on he rate, tic Idnctic
cqwttion can k upplicd to any siseruxori llw uw of a first onler model ah dirninatcd
Lhcimmediate need to Uy to evldlrare lhc Sohlbihy properties of HMX in IXISGSdulims al
high tcmneratums... .

Toblc 4
ArrhcniusCoelficiems for HMX-Carbonrue Rwrhn
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blow I(XPC andrapiddesuuchrt ti 150”C. The qgrecmenlLhxwecnthe rcdicti tuxl
feqwrirnemal resultsfor thecxpcrimcnl usedto kwnwwteFigure 4 waskl.-%,

(1



Sodium Carbonate as a Hydrolysis Agent
There are thrc! chief advantagesd usingsodiumcarbonaw for basehydrolysis.

The lint is the significantly lower pH wduc when compamdm sodium hydroxik llw
Iowr pH allows for easierhandling. In sodium hydmxidc hydrolysis,dw product stream
husan avcrugcpH of 13}’ whereasfor sodiumWIrboruuethe pH is around9,5 or hwcr.
Second. thecostof sodum cahonatc is lew than NX3H. The CCNd Na(3H is $3(l(Won
for a S0% by weightsolution in warcr.i’ The costof sodiumcarbmmtcis only $ 106/mns1s
a costsavingsof 28% when comparedto sodiumhydroxide at a solid loading of 0,1 grams
explosive per ml of solution anda baso concentrationof 1,5M. Fhmlly, sodium carbonate
hus a simpler mactitmproductsdmn the sodium hydroxide

r.
In the sodium

carbonu@processvery few aqueous Productsam madexwi ck matoriwIwingcarknaw
forrruw,nb~, ,.iui&, and hbnink. A Cartmn 13 NMR scanof ~c pkxlwti t’rom1.5M
sodium curbonatcund 1,5M sodiumhydroxidehydrolysis of HMX am prescmcdbelow in.
lgurcs 3,

Fijwtu5:
Scduur CurbnwueHydrolysis(llhiX) NMR, SodIuJUNydmkto ll)drdysiNIIMX) NMlt

! CMUU*
FM-W

i

m— I nunru 1,
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Base Hydrolysis Kinetics of
HMX-Based Expiosks Using

Sodium Carbonate

Robert Bishop, by Skidmom, RW Flesner, Phil
Dell’Owe, Terxy Spontarelli, John Kmmer and

David Bell

International Workshop on Peaceful Utilization of
Energetic Materials,

S( Petersburg, Russi& June 3-6.1996

Base Hydrolysis/Hydrothermal
Processing Technology Summary

Add water, heat to

o

4W600”C, pressurize
to Sooo”is,ooopsi



Introduction, Base Hydrolysis

+ Reactions with NaOH NH3 “de-energize”
;-Id solubilize many explosive materials

● Typicitl operating temperatures -80 to
150”C

+ Base Hydrolysis Implementation:
- “wge RocketMotor Dernii Pmgrm (General

Atomic.., Thiokol, Tyndall AFU)

- Eglin AFB (High Explosives Resmweh and
Development Facility)

- DOE(Pantex) 1

PE3X9404 definition

+ DOE P1astic430ndcd Explosive

e 94% HMX, 3% Nit~cllulosc (hi~der), ~%

Trk (2-chloro etiyl) phosphule (plasticizer,
0.1% Diphenyhuu.inc (stabilizer for NC)



Lab Scale Base Hydrolysis

●

●

☞

☞

☛

☛

2Liter Parr reactor, 100 cc reactor

Temperatures up to 150°C

NaOH, NHgOH, NazCOg, ~-3 M

Chamctetie rate of reaction
- Kinetics ax]d/or rnms transfer limitations

IReacticm mechanisms

Product analysis

1

2 Liter ParrReactor

H9uli~I



Lab-Scale Experiments

+ Over 60 experiments performed on IWX
9404 molding powder, pressed pieces, and
HMX powder

● NaaCO~at 1 M to 2.5 M

+ 93 to 150°C, 14 to 300 psi, 3 to 30 minutes
time, different mixing intensities
- IZemixingrange: 75 to 600

1

Lab Scale Expts,: Reaction
Products

+ Aqueous Carbon Products: Sodium
Acctatc, Formatc, Glycolatc, Carbonate,
Mcthylimine

+ Aqueous Nitrqym Proc.iuds: !Wdium
Nitrite, Nitrate. Ammonia, Methylumhw

* GM Products: N70, Np,,N~l,~”rflc~Co



Kinetics vs Mass Transfer

Dcstrucfbn Pcrmmgc versusReynolds
Number

1oo-

80

60

40 ““

20 ““

()
NaOH Na2cC)3

Reynolds Mlxlng Number

Kinetic mocicl

+ Litemture: isl order in lHMXj UNd10Hm]
for hoIlwgcIwous rcuclion

o Our assumption for )wtcrogcncous rwwtion:
- Ovcridl reiwth I’iltC; pwldo I storder, [0[ I ]

wily

- ~1-lMX]duesnotclmgv w is iwlwkl h)
reucliw mnslwt Mclmngiug‘lbnp



Kinetic Mc)dcl Rcwdts

Esploshe(W%
cdht)

HhM
Ptlx9404

AchIionlhigj

(Kjmold)
E

924M07
914SM

Natural]Ag o[tbc
Prt~ExptnUalFachx

(Instt)
IIIA

NM8
221ios

II

Model R-dictions

,’



Sodium Cwhmwte NMR

mwlw

II

Sodium Hydroxide NMR

lwwca

Mumdlw ,

14



Summary

● Smiium Cart.mnute - viuble allernulive 10
NKW
- Cheap, clcuncrprotiws. lower find pH

- slower, not unaenabk 10 hydrodmmd
processing

+ hlcterogencous Kinetic model:
- Arrheniu!iLuteConstnutCoeffsdetwln.kd

+ R~tc relatively fnst at 150°C
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