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Abstrac:t There was a dran atc increament about30% per Year in photovoltaic ndusty n recent years And the rawmateria] of Pho
towl@aic industry s inposshle © increase markedly within next|~ |5 Yeas Therepr(; it 1s inevitahle © estp liIsh an independen t
feed stodk systam of solar 8rade Sili(on( S(I},Si) materia] h his papc’r a fheortical analysis ahout he feasphility of PhosPhorus re
mova] n meta]urgical 8rade silicon w i vacuun diStillatiQ} then an experin ent was conducteg
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P = AT'+BRT-CI+D (1)
Wher,e A 5 C and D denote coefficients re
Since solar ce]] was invented in Bell- lah silicon ~ sPectively as shovn i Table |,
has been in predan jnant Position as its raw ;nater'ﬁ.l According 10 equation ] sauraed Pressure of Jid
The rav materia] of ©lar ce]] came prarly from  Uid of different supstance can he wotked out at a given
scraps of san jconductor industy These scrapes were tmperature Fg 1 Presened he reptionship beween
re—melted and casted tomanufacture sopr cell wafer I8P and T pr phosPhorus and silicon whih is a hBh
Durng the recession of san jconducor ndustty jtwas  saturated Pressure for phosphoms with Jow volatle rate
very mportant pr this kind of raw materia] su,pp V sys atamosphere presure  and is Jov satumted pressure
tan [owever wit, the fast development of Phoovolta for si]icor} which meant it is difficult for silicon t0 vol
ic .industry ar;d the gradua] resuscjtation of sem jconduc atjle into gas fran rav materja] at atmosphere pressure
or industry these scraps have not heen satisfied he At1732K  silicon hegan o mejt and PhosPhorus sub.
noma] development of sohr eneigy ndusty For e Ime  Saturated Pressure Of PhosPhorus exceeds 108
furfyer deve Jobm ent of solar ce]] industty it is necessa Pa which means it woull be distlled out of the sili
Iy to produce Jow cost Y )G-Siwith a W materia] sup. con As aresult theoretically PhosPhorus and silicon
pPly sysem which was indePendent fram He semijcon couf he separated using vacuum distllation
ductor industry In metaljurgica] grade silicon( MG-

1] Introducton

Si, Phosbhorus was cne of the inpurities hat were Tab 1 The vales ofcoeficpnts of A 13 C and DI
difficu]t ©© ranove According 10 the characeristics of | 18P/ Pa T
anent

phosphom;% vacuum distijlatpn was concepved © re E A B Cx 10° D /K
move Phosphorus n M(G-S1 Sane elementary exper;

) . . Py —2140 — — 995 MP ~BP
ments have heen conducted © mvestBat thismethod (
and Povide usefi] npmation for further re }()Whift)
search Si —20900 —0 565 — 122905 M P ~BP
» Theoretica] analysis Now M B, melthgpoit B P, boiling poiy

RehtionshiP beween the saturated Pressure and
tanperature s shovn n equaton |,

® ;. 2007-01-10
( 2006BAEQ] Bos); (1 50674050);
(20060674004 )
(1981 ), , ; . ; Emajl mwhu{w knust edu cn



70

—

46

8t o o
6
4+
-3
22t
.
0} s
3 . P
e Si
4 o« ° — ]
1400 1600 1800 2000 2200
Temperature/K
Fig€ 1 Relatimsh P beween saturated Pressure

and temperature fr pure supstance

3 Phase palance

For A-B binay aloy X, ; and X, ¢ indicated he
mass 1t of suhstance A and B n £as phas§ and X,
and X, , hdicated themass ration of subsance A and B
n liQﬁid Phase respectively (bviou s];’ X,\ e+ X[}g:
1 andXA -+ XL’ =1, then fo|pwing equatony and e
quation3 can he calculated

Xe=01+(X /X)) (vuna)s (B/R]
(2)

Koo =01+ (X /%) (Yarvs) e (R/B ]
(3)
According 10 ke content of mpurities n silioop
the princP s and degree ahout the seParatpn of mpu
rities can be found out through Phase dig€ram  In Sii
sysﬁr} Yo Was appoxinatey equa] 101, Then accord
ng © equation  and equation 3 |fHuid s Phase
graph of wo phjnary aljoy systtm can he shovn as n
Fi€2 As the Presened in Figz at tampPerature of
1673 K 1773 K and 1873 K PhosPhoms content in
gas Phase were a]| approxinate]y equa] © 100%’
which indicates that separaton of Phosphows and sili
con cou  pe realizd when PhosPhoms volatle nto gas
Phase canplete]y though vacuun djstillation
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4 ExpPerin ents

The raw materja] was screened solid Powvder of
MG-Si Vacuun disti]lation was conducted n e vacw

un fimace whose schamatc dijagran was presented n
2

Fig3

—10

1- cooling water,
2- heat insulation,
3- heater,

4- crucible,

5- water in,

6- water out,

7- cooler,

8- cooling material,
9- MG-Si material,

10- pump.

F83 Sdanatic dig€ran of experinenta] setup
As shown in Fig 4 volatjle rate jncreased with
the increase of distillation tine which indicates the de
crease of Phosphorus content in residual sla8 The max
imum remova] efficiency could be ahovegy. 3%, wh ch
shows that there is a 200d agrean entheween fe expery
menta] results and the heoretic analys;s
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Fig 4 Influences of d stillation tine an remova] efficiency

5 (Conclusjons

At1723 K he lnger the distillaton tine is  the
h Bher the PhosPhorus remova] efficiency will b,e and
the maxinun rmmova] effciency coould be ahove
97. 3%.

Snal] PhosPhorus confent in resjual may partly
due 10 the same canpound PhosPhorus exijsted i Sili
con  Exjstence of Phosphomus steam 1 gas Phase may
also contrpute the Jov phosphows content in the resid
ua]
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