3.044Recitation 10
Topics

¢ Sintering (Stage | and Stage II)

e Evaporation

Sintering Stage Transition
The ratio of the neck/particle radius is tbeterion for determining whether sintering is
in Stage | or Il

Stagel: Evaporationdominate :X [0 r—2/31/3

We havestudiedthe evaporation/condensatian the surfaceof sinteredparticles. In
sinteringof stagel via evaporation/condensatictie differencein vaporpressures afunc-
tion of the changein curvaturebetweeninside and outside. When writing the radius of
curvatureoutside(p) in termsof radiusof particle(r) andneckradiusof curvature(x), we
canesitmate the differende vaporpressure as:
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Vapor pressureon a flat surfaceis pyo. Here,y is the surfacetension[J/m?]. d =molar
density[Density/Molar Mass=mol/r.

Stagell: Bulk Diffusion from neck to grain boundary dominatefit r—3/5t1/5

Evaporation Process

:Vapor Pressure:

For evaporatiorfrom liquid phasewe usethe Clausius-Clapeyroequationto find the
vaporpressure (torr) at differeiquid temperature (K):
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If itis a pure elemend{ = 1), p;, = XPy, = Py;-



Fordilute solution of B in A, Henry’'daw says

Pvi = yixipvi

Flux: (T2)

The criterion for evaporatioris the KnudsenNumber= » = ﬁ;m. Meanfree path,
A, is the averagedistancethat a moleculetravelsbeforecollision with anothermolecule.
The characteristidength, L, is the representativéength of the system. o is the collision
diameter.

KnudsenNumber > 1

For large Kn, moleculestravelin the spacefor a long distancewithout colliding with
othermoleculesThisis assumedo bethecasen avacuum(low pressure)Theflux dueto

evaporatiorninto vacuumis expressetly Langmuir equation :
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Mole fractionX; is the fraction of surfaceconcentratiorof evaporatingelement(Cg : %")
and molar densityof the host material(d : %?:%). To makethe unit work, choosethe
sameunti systemthroughout. It is moreconveniento use|p, = Pa], [M = kg/mol], [R=
J/mol—K], and [T =K].

Evaporatiorrate or reaction rate is
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KnudsenNumber < 1
For smallKn, moleculescollide with othersin a shortdistance.Vapor phaseis treated
asa continuous phas&vaporatiorflux into gasis limited by the mass transfefhus

Jg = hp(Csg — ChuikB)

:Cosine Distribution:
Underhigh pressuresystemflux is afunctionof (cost)" (SeeGraphsof Flux vs. cos6,
nvs. (d/Ag), andn vs. Evaporatiorrate in the slides 04/27/05 lecture).



Examples

1. To evaporatea dilute soluteB from A, we useelectronbeammeltingin a cham-
ber L=0.25m. Assumethe averagetemperaturel=2100K. Data: Ma = 100g/mol,pa =
5g/cn?, Mg = 50g/mol, yg = 1.

1torr = 133.322 P& 1.3332% 10 3atm
kg :Boltzmann’sConstant=1.3807x 10-23J/K

R = 62.363litre torr /mol— K =8.314 Jmol — K
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loglObv,A — —? —|— 12— 101|0910T
26900
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(a) Calculate vapopressure from pure element for B and A

l0gy0Pvs = —29%0+ 10.12+ 0.23l0g,(2100= —1.93
pvg = 107193 =0.01 torr

l0g10Pua = — 3829+ 12— 1.01l0g,(,2100= —0.38
pva = 107038 = 0.42 torr

(b) Calculate Kn when the collision diameter is O
Kn—e kT _ (1.3807x10°23J/K)(2100K) — 164
T V2re?pl - V2m(10-10m)2(0.01x133322Pa)(0.25m)

(c) Calculate evaporatiorate

Kn > 1 : Evaporationin vacuum
K — _Y8Pus  Ma _ (0.01x 133.322Pa)(100x 103kg) /(5000kg/m®) 36x 1070
~ V2iMBRT PA | /2m(50x 10-3kg/mol)(8.314]/mol—K)(2100K) s




2. We wantto deposit a coating of A with 5 wt% B.

(a) What is the evaporatioratio?
Pg /M 0.01 /100

(b) What should be the composition in the melt?
. V\/‘t(%)B_’\//W':(%)A7 _
wWt%g; _ 5/95 _ 16
100-wt%g, ~ 0.033~ -

wt%p | = 160/26 = 61.5wt% B

** Note: In this examplethereis onealloying element.Whereasn PS7 therearetwo
alloying elements**



