
LA-UR--93-922

DE93 0107(I3

Tree: “A SIMPLE MODEL F’ON IIXPL(JSIV1?S 1W1IMULA1’1ON”

AuTHon(sk Turn ltivcr(i

.

IN,SC”I,AIMKR

Ilris rcprl wcs yrrcparcdm in mmruni d WA rprmsrmdhy ●II qrncydthc Ilnilcd Males
(irwcrnnmnt, NciUrcr Ilm I hritcd SIdcm (iovcrnnmni mrr my qemy Ihwcd, mm any ur Ihcir

cmpkp, makm wry warranty, CRIWCNor imphal m ●mumca ~ny Icd li~~lily Iu ~vrn~i

hdity hrr Ihe ●wurcrx, LmmpYcIcnenxw udulmm d ●ry inhlfmsiitm. uppnrmhm,pnducl. uc
ymnvm rlidtml. WI ICpImOIS IhJI ik UBCwImIIIlrurr infringe pwdcly ownrrl Ilghts. Meb-

CIWChem la nrry s~ik LMllMCrCld prmhu’1, pnwcu, m scrvkc hy Irdc rmmc, Ildcmmrk,
mmrufcrlulcr, ur olhcrwmc dorm rmt mtmnrily wrfilllulc or imply 11scnrlofscmcrrl,IcwWn-
mcrnlnlirm, m favwring hy Ihc 1hvlcd Slmlcm( imcrnmcrrt w ■ny WCIW IkIcd I“hr vwwm

d qinimm 1A aullmrs qwmncd iwrcm du mri nercmdy Wmc m rdlcrl ltrw d Ihc
I Imlcd SInl- f iovtrnmmrl m ■ry SFIWY Ilwrcd.

r“W!ilfflUllllUNU1’MISIIOCUM(NIM IINLIMITED

~~~ ~n~~()~ Los.la..s,Ne.Mexic.87545
Los Alamos National Laboratory

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



Tl?OHM RIVBRR

Group M-1, Explosives Technology
Hail Stop C920

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

EDUCATION:

B.S. Chemistry, 1962, COllegO of Santa Fe, Santa Fe, New
Mexico.

U.S. Physical Chemistry, 1973, University of New Mexico,
Albuquerque, New Mexico.

Ph.D., Physical Chemistry, 1975, University of New Mexjco.

1984 Graduate of Los Alamos National Laboratory Engineering
Sciences Management Training Program.

WORK EXPERIENCE (Los Alamos) :

1980 - present, Group M-1 Explosives Technology.

1972 - 1980, Group WX-3, Fabrication and Assembly.

~“ Explosives materiais development with emphasis on
crystallization procedures, chemical analysis, materials
characterization, and surface chemistry of high explosives.
More recently, increased emphasis placed on Quality Assurance
activities.

MmM3Mxati Ve : Presently Section Leadar of Analytical
Chamistry and Quality Assuranco and Program Coordinator for
stockpile maintenance. Organized in.~1%+82,and managed to a
successful. conclusion in 1987, a multi-Directorate,
interdisciplinary program, “Fundamental Research on
Explosives. “ Manaqad a variety of DoD and other qovernmerlt
acpncy roimbursible programs at the Laboratory.



I

m



A SIMPLEMODKLFOR EXPLOSIVES’ PORMIJLATIOM

ThomasRivmra
L08 Alamo8 Nati5nal Laboratory

Lo- AlaMOS, NM 87545

hBsTmAcT

A simpl- modal bamad on rnurfacechemistry is dmveloped. Thim modol is based on
r~lativoly simplo conc,pts of contact sngla, wetting and ●prodding. Th@ results
of tho modallng can b- stated by two ●lmpliflod “rules of thumb”: 1) A liquld
will spraad on tha aurfaco of a ●olid if tho mrfaca ton-ion of ths liquid is
lass than tha ●rfaco fro- wmrgy of tha solid, and 2) Tha liquid havinq tha
wrfaco tan-ion naarast that of cho colic)will prsforancially wot tho surfaco of
tho solid. Tha80 two rulom can thmn b. umod to dafinm tha parammterm that
consti~uto a procaas for formulating a plasticbond-d ●xplomiw (PBX), ~hi~h i-
a crymtallin~ high-axplosive material coated with a smali amount of plamtLc
polymoric material (tha bLndcr). The PBX then can braprossad to a high density,
and machined to a rpocific ehapa. Tha pro8sad ●nd machined ●xplomivo material
can then be us-d in a phyaica ●xperlmont to study fundamental proporti9@ of
ai.thmr th- axploaivo or moms other mater~al.



IMTRODUCTIOM

Exploaivoa can bc formulated into a mat~rlal apprapr~ato for pregslnq ~nc~

a high-dmmity solid by coatlnq th~ •XPIO~Lv_ cryot~ls wLth a cuLcabLa plastL:.

The romlting cornposito or plastic -bondad mxplosivo (PBX) can than bo oafaly

machined into a variaty of 9hap88 •uitabl~ for d.ton~cion Myelcs sxporlmmncs.

D~P~

Th8 formulation of a PBX repre8mnt9 ● prob:

b. addrasg,d using a olmpllficd modol banad or

Figur9 L r@presantm ● drop ef liquld resting on

●m Lfl SUrfaCS chomlstry that :an

tho conc@pc of contact anqla.

a uniform, parfectly flat S01L3

●urface.
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igur9 1 cONTACT ANGLE

●dqa w1lL mako ●n ●nqlw O with tha aolld as ■hewn Ln tho figura. At Lt-

●LmpLmmt, tho thaory of :hm contact anqlo ●llows us r.o rosolva tho .qUlllbrLUm

surface E@nwionc that ro@uLt Ll~ a ●LaD]@ droplot. ‘ThoYOIIILJ9quatlon,

YI - Y\l ● y, ro9 II, I!qnm 1,



wherm y. - solid nurface tensionl ~L = liquid surface tenmion, and y$L =

i.nterfaciai ●urfacm tmnaion, is a atatemanc of these results. The idea of

contact ●ngle Le a rather practical concapt since it can be meaeured ueing a

variety of methode (ooe, for ●xample, rmfarencee 1, 2, and 3)..

The work of ●dhesion (WA) meanures the deqrae of wetting of a solid by a

liquid. A high interracial tenoion in ● ●olid-liquid Oyotom indicates a low work

of adhemian and conversely a low-interracial teneion ie ameociated with a high

work of adheeion.

Tha work of adhedion is defined by the equation

Combining with Eqn, 1, we get the following ●quacioa:

WA = Ys + YI ~on e Eqn. 3.

Thm quantity YS - (Y$[.+ YI,)is a meaeura o: the drivlnq force behind thm

spreading procese and is usually called the EIpreadinq coefficient (S). The

●prmading coefficient i- defimd by the equatioo:

s-y5- (Yw + Yl) Eqn. 4.

Thum, if S is pcoitive, apraaclinqcan occur -pontaneouoly; convsreely, if S is

naqativa the liquid will not Hproad spontanoouoly c’:er the ●ubetrata.

W- can ●ea from Eqn. 4 that aprmadinq lS Obtained an long ae “Y! > Y( .

Undmr thmmm cunditiona, the conkact angle is zero, and CO- 6 = 1. Thuc, from

Eqn. 3 w. ●ea that the work of adhesion Lncren8ee do Y( increaoem ior a cjlvon

solid ●urfacm.

Tha raculte of the modalinq can be ●tatod by two ●implifiad “rulae of

t)lumb”:1) A liquid will spread on the surface of a oolLd if the ❑urfacm teneion

of the liquld is leee than thm surface tanelon (frem ●nergy) of the aolld, and

2) Tha lLquid having tho surface tanslon naaroet that of the eo~l~ wll~

prafnrmn%!ally wtt thm suufaca of thm ●oAid. Thmmm two rulae can than be umad

to dofino tho paramotorm that c’onmtltute a procoma fIJrCOrnlulatLng a PBX.

DISCLMSION

An ●xamplo of a procaeo for produclnq PBX9 is one <noun ae Lhw Watmr-.Slurry

Procome. Tho Water-Slurry Prncvmc wa~ devmlmpmd at L,onAlamoe about 1’348for

producing HPIX-bammd lJB)tm. }U4X LS a hi.qh expLmmLvo commonly usmd In ~ho

mKploelvm# indumtry. Flgurm > ~- a dlaqram ropremontirlq the Water-Slurr ?rocaua

in terms of surface tensl[]ll.
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figur, 2 WATER-SLUnY PROCESS

Wat8r-Slurry Procamm, thm ●xpiosiva LSI fLrat mixad intn ● ●tirrmd

pot Concaininq a large vol.urns of wacor. SLncm tha HMX fian● aurfacm tmnsLon Lsam

thtn chat of tha watar, tho watar has no affinity fnr tha ourfaca of tha HPC4.

Tha slurry ia otirrod until ● good dispersion of the HM.X i8 madm in cha watsr”.

A lacquar, contaLnLng tha blnd9r dl.mmokv,d Ln ● volatLla ●olv9nt LB pourad ~nto

the 9Lurry ●nd m~xinq in continued. Tha W3ivanc LO c~movad by distLIL&tion

Laavinq b-hind tho polymeric bind-r. Tha binder. hav~ng a ●urfaca t-nm~on L@mm

than that Of the KM haa ●n ●ffinity foc Lt8 SUrfaCf9, and oubsoquantly coats on

cho surfacs of tha high QxplosAvo. ThQ cLoeor thg blndmr surfacm t9na~on LS to

that of tha w, tha bottmr tha coatinq. Tha coatmd H.MX L9 FLltcrod and dr~od,

●nd ● P9X Lm producmd.

Tha POX than can b. pEmsaad to ● high dansity,and machined to ● 9paCiflC

●hmpa . Thm prmsmd and machlnad •Xp~O~LV9 matarAaL can than be utod in ● phym~cm

●x~rimmt to ●tudy ●oms Cundunontal prop~rtlan of tho ●xpLosLva or to study chm

propmxias of ●hockod matori.al.



CONCLUSION
W- hava ●amn that tho proceos for producing a p~x can be analyzed Ln term-

Of ●implo ●urfmo chamimtry Concapta. Changas in the process to accommodate

different typoe of bindarm, aixploaivem, etc., can be mada based on prediction-

mad. uoing tha medal. The model can also b- useful in the design of other

coating proc8emaa.
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