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Be existing three-year grant: pertaining to "The control of m_cro£ _j,:!.__ _"QQL_

structures durin_consolidation and injiection mol_in_LgL:f.,c-°_!-lg!id_1

.. Be

d_isp:ers;Ions: beg am J_ly I, 19_88, as, a con_inu 'a_:ion o,f a pre_iou's gran_

I overall effor_ s:eeks to, answe_r fun _damen_'l questions: re:levant _o the

co,llo,i_l proces,sing of subm_cron p,ar_icles le,a_ng: to co,ramie ma.,":erials for

s:_ruc_ural, electronic:, or op,=ic'_l app,l_ca_ions. A._ the o_se_ _wc d_s_inct

pro'j>ects were envisioned, an explo,_a,ci_n o,f _,h'e_ltr,asonic enhancement o;f

disorder-o,Eder transitions and: a de_,_iled study o.f imjiec_ion molding o,f very

dense dispersions, with each weig_ed _oward experiments b_t w,fch

_,heoretical components.

Ks the effor_ evolved the focus sh_ifted in response _o _he inceres_s of

' the students attracted to the project, the identific_nion of interes:ting

related problems _hrough technical meetings, and different insights gained

during participation in a DOE sponsored workshop. The scope _ha_' h_s

emerged encompasses

-- comple_ion of research he:gun durin_ the first gran,t period on

- disorder_order _rans:i_ions occurring during sedimentation,

-- the consolidation of flocculated d,ispersions via filtration, and

= -- the assembly of na.nometer-sized particle into dense packings.

INTRODUCTION

Our work has encompassed _hree _opics associated wi_h rh,_.formation of

_reen bodies from dispersed powders. The first and third focus on
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collo,idally stable _ispersioms, seeking, to define cond_itions under which

particles of narrow size _istrib_tion can be consolid_ated into ordered

packings. 0no effort com=in_ing from the first gram,t examines the disorder-

order transition for 0.1 - I.O _m her4 spheres settling under normal

gravity. Weak bo_n6arie,s between c_stallites amd the long time scales

necessary for ordering may render _hese mic rostruc_ures impractical for

structural applications. We have sou'gh= to nmderstand the process more

deeply with the intent of ultimately gro_g single crystals. The second

effort, just beginning, examines much smaller particles, 5-50 mn,, for which

different modes of consolidation are necessary and little is kno_.

Be third topic, pressure filtration of flocculated dispersions,

recognizes their pervasive occurrence in ceramics processing, whether

intentional or inadvertent (Lange, 1989). Here we seek to define the

conditions required for dense packing, much as observed recently by

Velamakanni, et al. (1990).

The first has been completed with the results, described in two PhD

theses and the publications cited below and appended, revealing (a) the

conditions under which sedimentation of hard spheres yields ordered

sediments, (b) the evolution of density profiles throughout the process as

delineated by x-ray scans and predicted by a mathematical model, and (c)

some insight into the mechanism for the transition from Brownian dynamics

simulations. A more fundamental exploration o.f these and related issues is

now being pursued with funding from NASA.

The second projec_ has moved through an initial phase involving design

and fabrication of the filtrstion cell, synthesis and characterization of
!

t.he colloidal sysr_em, and an initial set of x-ray measurements wiEh a CAT
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scanner at the Schlumberger Co,rporate La bo_ratory. The experiments clearly

demonstrated the feasib.iliry of the effort, and yielded cakes at 70% of

theoretical density, bet also identified a minor flaw in the cell design and

the need for somewhat larger particles =o sho,rten the time scale of
.

individual runs. The second phase of experiments will begin this spring.

In parallel we are undertaking two modest b_t interesting theo,retical

studies" (i) an analysis of the formatinn of net-_orks via Brown.ian and

sedimentation induced flocc=lation to ¢omp,lemen_t our previous model for the

consolidation of suc'h networks and (ii)' a treatment of centrifu, gal c,asting

in two-dimensional sha,pes to define how and when bouyancy-driven convection

can produce uniform sediments.

The third project addresses particles with sizes in the range o,f 1-50

nra. The high _urface areas for catalytic applications, the appearance of

quantum size effects with some semiconductors, and the possibilities of

small limiting flaws in structural materials have stimulated the synthesis

of a fascinating array of nanosized particles. Our emphasis is on the

processing, which requires control over the colloidal stability and

different techniques for consolidation since the requisite centrifugal

= fields or applied pressures for fil_ration are prohibitive. At present we

are preparing and characterizing a model system for studying the assembly

of dense phases through osmotic attractions induced by soluble polymer.

SIGNI FI CANT ACC0_PLI SHMENTS

Our studies of the disorder-order transition during sedimentation of
_

silica dispersions have

.- demonstrated via x-ray scanning and visual obser_Tations the

- kinematics of the process via detailed volume fraction pro.files,
=

_

_
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.- illustrated the competition, between two rate processes ,_

crystallization and sedime_tmtien, that distinguishes be,_een

' glassy and cryst_lline sedimen, ts, and

.- s_ggested a simple model for the kinetics o,f crystal grow,rh.

Our light scattering and rheo,lo,gical measurements for octadecyl silica

spheres in hexadecane

-- define a sol-gel _ransition expressed as the gelation temperature

as a f_nction of vo,lume fraci=ion,

-- characterize the shear modulus o_f =he gels, and

-- suggest a means for extracting the strength o,f attraction from the

adhesive sphere model.

This information will be valuable for in,terpre=ing our pressure filtration

experiments.

PAPERS PI_LISHED OR S_TTED

K. E. Davis and W. B. Russel"

"Sedimentation of lyophilic sols", Ceramic Trans. IB, 693 (19'89).

"An asymptotic description of transient settling and ultrafiltration of

colloidal dispersions", Phys. Fluids A I, 82 (1989).

K. E. Davis, W. B. Russel, and W. J. Glantschnig"

"Disorder-order transition in settling suspensions of colloidal silica'
Science 24.5, 507 (1989).X-ray measurements", _

"Experiments on settling suspensions of colloidal silica" Observations

and x-ray measurements", J. Chem. Soc. Far. Trans_. (in press) (1991).

M. Chen and W. B. Russel'

"Characteristics of flocculated silica dispersions", J. Collo id Inter.

- Sci. la1_., 564 (199!).
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W. B. _,ussel"

the
Con_rolling the rheole_gy of colloidal dis_persions through

interparticle pe_tential'", Ce ram_ic Powg'e,r S:¢i. III, 362 (1998_)_.

,F0,rmul_,tion and processing o,f co,llo_i_al _is,persions", _S Syrup,. P_8¢ ...

177, 2811 (19!90)_.

K. E. Davis"

"Sedimentation and crystallization o,f hard sphere colloidal

dispersions", Ph. D. D,isser_ation, Princeton Un,ivers:i_, 19_8_9_.

C. L. Belton °

' '"Brownian dynamics studies o_f the _iso,r_er-order tra,ns ition in

concentrated colloidal dispersions", P_.D. Disser=ation,, Princeto,n

University, 1989.

TALKS AT TECHNI_ MEETINGS _ _N_VEKSITIES

: 3rd International Conference on Powder Processing Science, San Diego, CA,

February 199@.

- Workshop on Self-Assembly, University of Illinois a_ Urbana-Champaig_,
November 1998.

D,ISCUS SION

A. PKESS'_ FILTRAT'ION OF DISPERSIONS" EXPERt--S

Our investigation of th_ consolidation process involves a pressure

filtration cell for conduc_ting experiments within an x-ray scanning device

= that utilizes computer assisted ionographic techniques to invert the signal

into a three-dimensional density distribution. The compression of a gel

requires exceeding the yield stress of the particle network, so we designed

a cell (Figure l) capable of sustaining a pressure in excess of 200 psi

while minimizing attenuation of _he x-rays, resisting solvents such as

cyclohexane and hexadecane, and enabling suitable temperature control.

- The cell wall is contructed of po lyether sulfone (ICI Americas) with

_he flanges and supporting rods o.f nylon (Nvla_ron GSM from Plas_ics Center. _ .

_
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Conshohecken, PA). A solid teflon, disk with several thousand he,los o,f @_.25

mm diameter s=ffices to. s_pport the filter. Filter membrames, with po,res o,f

0.2 _m or @.0_2 _m, diameter (Anotech, Wa_kegan,, IL)_ retain The flats, while

spreading a thin" cloth of teflon (ZiTex A, L-E-M Plastics, W,alling_en, NJ_)

on top o,f the membrane adds a prefilter and proven, ts adhesion ef @articles

to the membrane s_rface. An o_ter wall of polyearben.ate surro,_nds the

polyether s_ifone to create ann ann_l_s for circulatio_ o,f water to main,rain

a specified temperature. Nitro,gem, slapp,lied by a port at the to,p, drives

liquid flow.

Silica spheres were syn'thesized following the method o,f Stober, et al.

(1968), coated with octadecyl chains as described by ller (].979)_, and then

dispersed in hexadecan-e to provide thermally reversible flocculation- as

reported by Jiansen and coworkers (19_8_6)• The p_r_icles relevant to The

experiments reported here had a number average diameter e,f @.167+,0. 0_22 _m

and a density of 1800+_40 kg/m 3 • At 50°C they behave as hard spheres 5u_t

lowering the temperature to 25°C generates a strongly flocculated network at

moderate volume fractions.

An extensive study of the structure and rheology of these dispersions,

as functions of the volume fraction of particles and the temperature, haz

_

been completed (Chen and _ussel, 1991). Fo_aation of a gel, or volume

" filling network, occurs at a temperature that varies with volume fraction

(Figure 2). At temperatures below the transition, the shear modulus

exhibits a low frequency plateau, characteristic of a solid, with the

magnitude varying as a power law function of volume fraction and the

exponent increasing with increasing temperature. Static light scattering at

- volume fractions less __han 0.I0 sugges_ a gel formed from fractal clusters
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with dimension D,- 2. I + 0. I and sizes that decrease wi_h increasing vol,_me

fraction, in accord with observatio_,s of Die=let e,= al. (19_86_),on _iffere_t

systems. These results serve to define s_itable co._dition,s fo,r t_e

filtration experimen, ts and provide mechanical proper=y data relevan, t _o the

consolidation process (¢.f. 5_scall, 19:83).

l_ne CAT scanner was calibrated for quan=i=ative measuremen, t of vol_me

fractions with. samples from. b,acches of particles wit_ somewha, t differem, t

sizes and densities. A linear rel_tionship between the atten_atia_

coefficient and the particle volume fraction correlated all the _at.a within

1%. D_ring am experiment sim,_itaneo_s scmnming of a p_re hexadecane sample

verifies the continuing validity of tNe calib_ration.

5oth stable and the strongly flocculated dispersions we.re com sc,li_ted

i by filtration, wi_h samples prepared a_ 50°C b_ the latter then allowed to.

equilibrate overnight with the circulating water. After an initial CAT scan

at the uniform starting density, the driving pressure was imposed by

introducing nitro,gen into the cell. As =he run proceeded filtrate was

weighed continuously and scans were taken periodically, every ten minutes

initially and then at longer and longer intervals as the cake accumulated
L

and the filtration rate decreased. Thus the physical experiment is

, standard, but the density profiles will yield new information critical to

understanding the mechanics of consolidation. Unfortunately, none of the

initial experiments yielded quantitative data due to complications with botP_

the filtration cell and the scanner, most of which have now been resolved.

Nonetheless the results demonstrate interesting qualitative features worth

some discussion.

Wit_h stable dispersions at 50"C that form incompressible cakes,



co,n,stant pressure filtra, tio,n leaves the dispersio,_ unifo,rm at _he initiml

volume fractio_ and p_roduces a c_ke with depth that increases _ith_ time

(Figure 3)>. More im_erestin, g is the vQ,l_me fractio,n of @_.TD,within, the

cake, s_ggesting dither some o,rdering c,r a sign_ificant effect o,f the modest

amoun, t of po,lydispersity. O_r fu,r_re experi_uem, ts will involve caref_Ir

checks on the calibration and the,rough monito,rin_g o,f _he c_ke density to

ascertain the significance.

Conso,li_ation at 2'6°C, with a strong gel filling t_e cell hero,re the

beginning of filtration, yield'ed sediments of similarly h,igh densities. So

the mechanical stresses clearly dominaEe the effects of in,EerparEi_'.le

attraction at applied pressures of 50-6@_ psi. However, the density profile

evolved quite differently, and rep,rod_cibly. As cake ac cum_lated in the

early stages of the process, the _per s_rface of the gel moved 4ow_lward

under the nitro,gen pressure 5un also deformed, as if stresses at the walls

retarded motion. Then a rupture appeared aSove the cake coward the bottom

of the gel. As flow co_ntinued the rupture closed 5ut a gel-liquid interface

,disengaged from the liquid-nitro,gen interface (Figure 4). _is is quite

remarkable, implying that the gel is moving faster than the fluid and must

be draw_ downward by another force. At this point neither the o,rigin nor

the significance of this phenomena are clear.

B. CONSOLIDATION OF DISPERSIONS" THEORY

Pressure Filtration

Although development of the ultimate mathematical model must rely on

_he experiments to identify the kev physics, <he formulation of a corer,lore
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fr ,amewe,=k does seem_ mp,p,=O_lD,rimte'mow,. PTe._.'io,=swe,=k e,f o,,_rs._ze=ais, et

_l.,_ 19_8',8'_)_and o,th,ers _B,_s=_ll _d Wl%,ite,,19_@',7),p,ro_ides _ b,_sie model fe,r

the ¢o_solid_tio,n' of vo,l_me filli_g ne_w_,rks, t_e,_h ev_l_,_tio_ a,f existing

c.o,_stit"_tive e_mtio,n's fo,r tpe stress bo,rne, by tpe p,_rti¢_imte me twe,rk

m_mits mo,re dmtm.. %_ne fe,rm_tio,m,of _e mer_.o,=k from, in,itimlly dis,pe=se_

pmr_icles rem&in, s mm, o,pen iS:s_e',rh_weve=. So we Emve _eg_m, am mlyzimg t_,is

process fe,r the free,al grsw_h _,f flees d=e Zo, B',r0w_imn an4 sedimen, t_tio,n-

in_=ced ¢ollision, s. W_n,ile still rm_Ne_ N_mlitmtive, , t_e a_,r_c'_ cam tremt

tpe coupling _erween sedimem,_mtio_ _m_ floc _row,t_, _N,_,__e_erm,imes w,heEher a

gel fo,rms o,r discrete mggregates settle _efe,re _,is occurs.

We _do,p,t, in. par_, _he a_proac_ _ of Couc_ _m4 Hlin¢_, <19'9_@i)!in

com sidering irreversible ¢l_sze,r-cL,'_s_er _gre,_tion, im,_o rigid fractals

with the n_m_er of parzicLes N!, IZhe cluster radi_s _, am4 _he parzicLe

radi_s a related according to

N'- (_/a} d. (I),

Then assumin, g a narrow fl_c size distriSu_ion yields the ¢on,servmtio,n

equation for the n_umber density of ¢l_sters n as

_/'dt - -km 2

wi_h n - n.o mt t-0 <2)

and n - no/N.

The form of the rate co,nstan..tk depends on _he mechanism of

flocculation, for example

4kT/3_ for diff_sion- Limi ._ed growth

(3>
and

4=_2 U = 8:_N,a3R_,g/9,_ for sedimen, tation..-induced growth

wLch _ the fluid viscosity, kT the thermal energy, and U the sectling



velocity fo,r a floe co,n,Z_im_in_gNi s,phe=es_. $',in¢'es.edimen,_atio,_ does no,t

p>rod_ce c.o,llision,s fo,r flo¢s e,f eq,,u,_,lsizes,, the form, s:ho.w_ imp,lies a

distribut, i_n_ o,f sizes s,_cb th,a_ Z_e average _elo¢i_ differ e_nce'eq,=_Is the

average velocity, co,n,sistent _ith _he ¢l=s_er-¢l _s_te_r mechanism,. Combining

<I-3)_ leads to, an expressio;n fo,r Zhe rate of cl_ster growth,, i.e. ,"dN!/4_.

5im,iting s;olu,tio_ns for large a_d sm_ll Peeler numbers _ratio o,f

sedimen, tatio,n _ 0 r diff_sio,n), follow directly"

Pe - 4_a4apg/i '!<T<< i"

N!(t}- i . 3',n,okT_:/$_,; (_)_

a well-k-no_ result fo,r diffusion, lim,i_ed aggregation _W'ei_z, e_ al. 19_8',6)!.

Pe >> I'

_,(_:>-_l - S_a'_a,,_,l'_,,_:/'S",_d]l"_ (5),

In order _o estimate _he onset of gelatio_ we define a_, effective vo,l_ume

fraction as

@'eff " &_lg'3'n"/3- _'N3/_" l (%>

with @- 4_a3n'o/3. _._s as N' increases so does tl_e volume oc.c,,_,p,iedby _he

_ floes until @elf- I at gelat,zo.n.

While complete solutio,ns incorporating settlin.g d_rin.,g grolwth bare ye_

to be constructed, the form. ix reason._bly e_sy to an,cicipate. For example,

the upper boundary of the dispersion H(t) will settle at the velocity of the

flocs residing there, i.e.

_/dt - -_(N) (7),

with N increasin.g, with time according to (&), or (5). Integrating and

invoking the condition for _elatio,n tlten determines lh,_,to._l amou_,.t of
,,

settling. For Pe >> I this leads to

Ai4/a= o.19[Ol/(t-_/_t)- <_ll I_)

............... ,................. ,,,_,,,r, ,_,n IIIII IIIII III I I I



w_ic_ f_,r pm_icles: o,f I _ic_o_ _i_s s_gge,sZs settlimg e,f 19_ ¢m, fo,r _,-

Oi.Gl b_t o_ly @_..19mm fe,r _,- 0_.I. S:tmrting with p.arZicles sm_ll eno,_g_

rh,at Pe<<l throughout the process lea_s to,

2,-ll"_),l"(,3'.ld-I),.1
,_,t.,_. _Pet,6<_,_.2,.lt,_),]!O<j,-(.... 11 (...'9,),

amd generally sm_ll amou_s of settling,. %_s one co_l_ expect Co, p,re._ict

trends w.ith variatio,ns in p.ar_icle size am_ i_iti_l voigt.me fractio,_,_ _md

test tSe pre_ic_io,ns w,ith simple l_,bo,raZo,ry expe.riments_.

Centrifugal C_s_ing of Two D'_memsion al Sha_pes

Kec.ently B'eylie.r, e_ al. (19i900_ repe,rted expe.;imen,ts with, comp,lex

shapes s_c'h as the spool me,l_ in Figu,re 5,,,in whic,h c.e.ntrif_gml c._sting o,f

stab.le _ispersio,ns pro_c, ed p.erfec_ly _ife,rm, par_s .. S;imce the c.e.n_rif_g_l

field driving the par_icle.s into the mol_ is u_i_ire¢tien'a'l, the e._se with

_hich clo_s.epacke_ particles _filled the em,ti_.e mo,l@ seems, rather s_rp,rising.

Clearly amo,ther ¢_riving, force m_st c,e_s:e ra_ial motion of the particles: o_n

'the same time scale ms the axial motion. D,iff_,sion seems =nlikely s.ince the

Peciet number is about lO 2' for the co,nditio,_s o.f the experrimen '_s. In>

collabo.ratio,n with D_. E. _erbolzheimer of the Exxon, Corpo,rate La,bo,_ato,ry,.

we ,,_oo,n identified bo.uyancy-drive"n, co,n_ectio,n arising from_ de.nsi_y

diffe_en¢es associated with varia_io,ns in the particle. ¢.oncentra_io.n and

then proceeded th,ro_h, (a) an order of magn,i_e analysis to, ¢o>nfirm, this:

concl_sion by predicting the thickmess of _ou_da_ layers deple_e_ of

particles ben,each _pward facing surface= and (b,)__ calc_latiom_ o,f the

str_ucture of the radially se.grega=ed flow within t,he con+strictio,n necessary

to permi_ un,iform settling of p&rticles in _he lower region_.

Given sufficiently sCro,ng bouyancy-driven co,nvection to main_tain,

_-niform, particle volume fr_ctio,n _s wi[h,in the _o,wer ch,_mlDer, sedimen, t_,'_tio,n,
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w,il]l p,rece,e_ norm_lly,_ p,=g_cing a teZal down_ard fl_x g,f p,arzi¢les ew_al ta,

2' , ' (lOi>
_: ee,4K(45

Wi_ @i _h e Ve)_e f=_c _ie_ ,_ De ' . 2,A,p,ga2/9_;;the S',te,kesseZ_ling velecity,,,

the _adi_s: o,f the ¢.h,ambe,_,, and K ¢,h,ar_=_erizing hin_ere¢_ se.tZling. C',_ea=ly

_n e-w_l flu_x of p,articles m_sZ enter the ¢,_amb,er tbzo,=gh, the nec._¢w..h,ile

th_ d,,_e_o, s.edime_ta_io_ alone will 5e. sm_ller by ,_he ratio; of the areas,.

1. e. (_r,:/R) i2..

%q_is s_ge.s:ts: mo,=e cemp,lex be,h,avio,r w,itl%,i_ t_e neck, w,ith, the

_is_ersio,n, form,i_g a cor.e mo_in_g _ewnward _m_ an..anm_l_s of, p_re flu.ld next

to, the w_all mo,ring r_p,idly _p_..rd. The differen, zial motion a_ises from, the

diffe_ent densities: an_ a c.omme,n p,re,s.s_re. _zadie.n_. l_e_=a_io,n o,f the

eq_atio,r_s of motion for f_lly developa_ flow and impesizio,_ of be_.rm._a=7

¢o,nditio,ns at the inte.rf_c'e ; - Kt " 6, yiel_s _he veloc.iZ_/ p,re.files. %_he

press'ure g_adien, t fo:lle._s from the, £e.q,_iremen,t rh,at the tot,al vo,l_'umet.ri¢

flux m_.'stbe zero w,h,ile the flux of particles e_als (10),.

Scaling the eq,,_atio,ns identifies zhe key.,dimen,sio,_less' _r.o,up _s the.

ratie of a c.h,aracter, istic bouyancy-drive'n velocity _ith, in_ the t_be to the

Sto.kes velocity o.f the pmrticles,

A = (94/2>(RUa) '2 >> i. (iI):

S:olution_ as a pert,_rbatien expansion for A >> I determ,ines the thickness o.f

the a.n.nular pure fluid film, as

6/Rr = (3K(4_),(R,,K_),2/A),I/3_ << I (12'>

and the dime'nsio,nless press_re gradient _ithin the iu,be as;

ApRt:2/'Uo,u,L =,, AI l+(3K(,#.), (R/R.,r..) 2/SA)'2/3_/r/_] i (13)

with _I the viscosi.ty of the dispersion. Thus for A >> I the p_re fl_id

ann,,l,.,-ssho.uld be ver_/ thin and _h.e pressure gr;_d[en[ within _he ._,l.3esh,o._Id

I,
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differ only slightly from the hydrostatic value. These features make the

phenomena quite similar to the Boycott effect, which enhances settling in

inclined tubes hy allowing the fluid to disengage from the settling particle

phase and move upward rapidly in a thin layer under the downward facing

surface. Completion of the analysis Ez incorporate the motion of the

interfaces, i._. upper surface of the settling particle phase which mowes

down with time and the rising top of the sediment, should be

straightforward.

Perhaps more interesting is a definition of the conditions for which

this mode of settling persists° A full theory would necessitate numerical

solutions of the momentum and particle conservation equauions within the

lower chamber, a difficult undertaking. At present we have simply
_

constructed order of magnitude arguments and an equally crude experiment to

probe the matter.

If one balances inertial and bouyanc.y effects in the region just below

the neck, a characteristic radial velocity follows as

Ur = (Apgh@/p)I/2 (14)

with h the thickness of the layer depleted of particles. From the analysis

within the tube the characteristic vertical velocity is

Uz = UoK(_) (R/Rr)2 (15)

= These determine the trajectory of particles exiting the tube and therefore

the interface between the settling particle [_hase and clear fluid as

h/R = Uz/U r

<16)
or

h/R = (pAogl_2) I/B K2/'3(_)(a/Rt )4/B"

: Thus only when h/R << I should the process yield uniform sedi,men_s F_hat fill

, I



lh

the lower reservoir.

Our experiments were performed in beakers connected by ground glass

fittings to a tlxbe as shown in Figure_ 6. Dispersions of glass be,a_s in

water under normal gravity produced aa_iments that partially filled the

lower beaker. Me experimen_ d_5Pi.ct.ed in Figure 7 with 40-50 micr-on

diameter beads initially' at 4 " 0.ii suggesEs, h - 1-5 mm for R - 50 mm, or

h/K - 0.02-0.1. Evaluation of (16) g_ves h/R - 0..014, at least of the right

order of magnitude.

C. DISPERSIONS OF NANOSIZED. PARTICLESI

For model studies of consolidation we are assembling a clolIoi_al system

consisting of calcium carbonate spheres stabilized with an aikylbenzene

surfactant and dispersed in toluene.. Previous net,iron scattering

experiments (Markovic, et al. 198A, 1986a,b)have detected their str_zture,

indicating inorganic cores, with radii of 2.5+-0.2 nm and a surfactant layer

of thickness 1.9+-0.1 nra, and soft sphere interactions. In addition, static

light scattering by Tong, et al. (1990) has probed the effect of soluble

nonadsorbing polymer, finding depletion or volume restriction attractions

sufficient to induce phase separation at moderate polymer concentrations.

Hence, the dispersion appears well suited for our purposes.
_

We obtained the particles from Exxon Chemical Company dispersed at a

high volume fraction in a viscous mineral oil. The standard procedure for

cleaning involves centrifugation, dilution with heptane, and then rounds of

precipitation with acetone and washing (McDonald, 1990). Ultimately the

particles are dried and then redispersed in toluene. According re the
-

literature approximately 10% oil remains in the final dispersion but does
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not adversely affect scattering and other experiments.

Our efforts appear to have produced the desired dispersions, and

revealed that fur=her cleaning destabilizes the particles, but a definitive

assessment awaits results from ligh,t sca_ering experiments currently

underway. Given The success of o=hers in preparing and Characterizing the

particles, obtaj,ning satisfactory systems for this first step of our studies
I

should be only _ matter of time.

Y

D. _ WOR_ _._HIN THE _ GRANT PER_0D

Ac-ivity already underway on the topics above should achieve the

-" following between now an,d the end of the current grant"

-- characterization of the calcium carbonate particles and their

interactions via _tatic light scattering plus an initial study of

the dynamics of consolidation induced by soluble polymer as

described more fully in the proposal,

-- a complete set of x-ray scans durir.g filtz'a_ion of dispersio:ns

with somewhat larger particles (about 0.4 micron) over a range of

temperatures and, therefore, strengths of attraction, and

-- completion of the hierarchical model to predict the initial

density profiles before consolidation begins, as well as the onset

of gelation.

DISCLAIMER

This rep_)rtwas prepared as an act:oun! of work sponsore,d oy :-magency of the United Statc:_
Government. Neither the United States Government nor any ag_zncythereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or rcsponni-
bility for the accuracy, t:omplctencss, or usefulne,_sof a_ayinformation, appara'tus, product, or
process disclosed, or represent-_thai its use would not infringe privately owned rights, R_fer-
ence herein to any specific cummercml product, process, tr service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitut,: (tr imply ii',)cnd()r,semcnt, ruct)m-
mendation, or Favoring by the !Jnitc_d,States Government ()r any agency thereof, The view_
and opinions of auth()r:i expressed herein do not nccessa_-ily state or reflect those ()f the
United Stales Government or any ag_nc_ tnere(_f.



Polyether
Sulfone

Wall

Filter Membrane
and

Support Disk

............. _'-_l t--_=r4,nn r,_] ] .

Figure t - Drawing oL H._ ...................

" nr



• W

IT







Figure 5 - Schematic o,f spool mold
of Beylier, e_ al.

(19'900.

= Figure 6 - Apparatus fo,r settling

experimen, t with 95 mm
- diameter chamber at

• bomtom.

Figure 7 - Results for glass beads with

- average diameter of 40 _m in water

showing slightly humped sediment
surface,
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