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ThermodynamicFundamentalofPurificationofSilicon
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Abstract:Alongwiththerapiddevelopmentinphotovoltaicmarket, siliconisusedtoproducesolarcellmorethan90%asthestarting

materialforcrystallinesiliconwafers.Thisarticleistodiscusstheacademicthermodynamicsintheprocessofsiliconpurification,

whichcontainsacidleaching, vacuumrefining, directionalsolidification.Thefeasibilityinthisprocesswasdiscussedbasedonthermo-

dynamicsandphasediagrams.Besides, authorshavedonesomeexperimentsonmetallographytoprovetheprocess.Thepurposeisin

ordertodosomefavorforupdateexistingsiliconrefiningtechnology, andseekalow-costprocesstoproducesolargradesilicon(SOG

-Si) whichisdifferentwithSIEMENStechnique.
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Asmaterialsforsolarcells, multicrystallinesilicon
alwaysholdsadominatestation, andthisstatuswill
standforalongtime, atleastfortwentyyears.Inpres-
ent, themostproductionofsolar-gradesiliconinthe
worldismodifiedSIEMENS.Butthisprocessislimited
tocurrentproductionbyitsrawandprocessedmaterials
anditscosts.So, thisarticleistodiscussanotherpos-
siblemetallurgicalmethodexploitedbyauthors

[ 1]
which

isbasedontheoreticalanalysis.

1　Rawandprocessedmaterials

Siliconforproducingsolarcellsrequiresthatthe
contentofimpuritiesmustbelowerthan1.Otherwise,
theconversionefficientofmulticrystallinesiliconsolar
cellswillbeeffecteddeeply.ToobtainSOG-Siisrefi-
ningmetallurgicalsilicon ( MG-Si).Andthereare
99.8% siliconinMG-Si, besidessomeimpurities:B
orP( 20 ～ 60), Fe( 1600 ～ 3000) , Ca( 400 ～ 900) ,
Ti( 150 ～ 200 ), Al( 1200 ～ 4000) , CandNa,
etc

[ 1]
.

2　Thermodynamicanalysis

2.1　Hydrometallurgicalprocess
Thepurityofsiliconcouldbehigherthan99.9%

afterhydrometallurgicalprocess.Soitisverysuitable
forpreliminarypurification, whichisshowninFig1.

Fig.1　Schematicdiagramofhydrometallurgical

pretreatmenttoproduceupgrademetallurgicalgradepowder

Theappropriategranularityis50 ～ 70μm.Inpre-
liminary, impurityironwillbeeliminatedbyaspecial
method.
2.2　Vacuumdistillation

Vacuumdistillationisanefficientwaytoeliminate
impuritiesinsilicon, suchascalcium, magnesium,
phosphorous, whichisbasedonthesaturationstream
pressureofpuresubstance

[ 2]
.

lgP
＊
=AT

-1
+BlgT+CT+D ( 1)

Where, P
＊
issaturationstreampressureofpure

substance;A, B, C, Disconstant, respectively;all

thesedatacanbefoundinrelatedhandbooks
[ 3]
.

2.3　Directionalsolidification
Mostofimpuritieswillberemovedbythisway,

whichdeterminedbythecoefficientk0.Andifwere-
peatthisprocessrunningforfivetimes, theimpurities
insiliconwillbedownto1 ×10

-9[ 3]
.However, the
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increasedtimesmeanstheincreasedcost, whichmust
beconsidered.Theexpressionofequilibriumseparation
coefficientk0 is:

k0 =
Cs
Cl

( 2)

　　Where, CsandClaretheimpurityconcentrations
insolidphaseandliquidphaserespectively.Asshown
inFig.2.

Fig.2　Partialofbinaryphasediagram

Butinactualprocessofdirectionalsolidification,
therealequilibriumisdifferent, sowegivethedistrib-
utingofimpurityalongwiththesiliconingotasfollow-

ing
[ 4]
:

Ca =k0Cl(1 -x)
-( 1-k0)

( 3)

　　Where, Caistheconcentrationofimpurityalong
withthesolidificationdirection;xisthelengthofsolid
siliconingot.Andmostlyk0 ofimpuritiesaregivenin

followingtable.1
[ 4-5]

.

Tab.1　Segregationcoefficientsk0ofimpurity

insiliconatthermodynamicsequilibrium

Impurity k0 Impuriy k0

B

Al
Ca

In
P

As
Sb

Bi
Sn

0.8 ～ 0.9

2×10-3

8×10-3

4×10-4

0.35

0.30

2.3×10 -2

7×10-4

2×10-2

Li

Zn
Cu

Au
Ni

Co
Ta

Fe
O

1×10 -3

1×10 -5

4×10 -4

2.5×10-6

2.5×10-5

8×10 -5

1×10 -7

8×10 -6

0.5

Accordingtothedatagivenbytable1, removable
impuritiesareconfirmed.Inpracticaloperation, the
resultwillbeeffectingbytemperaturecontrolandthe
velocitycontrol.

3　Experimentalresults

Preparesiliconingotbythemethodabovemen-
tioned.Thendoametallographicanalysis.Thesteps
arepolishingthespecimenofsiliconandcorruptingthe
specimenwithCP4 solutionfortensecondsinroom

temperature.Afterwashinganddrying, observethe
specimenwithopticalmicroscope, asshowninFig.3.

FromFig.3, silicongrainboundarycanbeseen
clearly, andlotsofetchpits.CausetheCP4solutionis
apreferentialone, whichleadtoerosivephasicdiffer-
ence.

FromFig.4, thereisallsiliconinthesurfacecon-
firmedbyenergyspectrumanalysis.Thegrainbounda-
rycanbeseenclearly.Andmanyoutcropsofdisloca-
tionalsocanbeseeninthisfigure.Toexplainwhy
therearetoomanydislocations? Itcausethecontrol
precisionisntonabettercondition.Andthelifetimeof
minoritycarrierswilldecrease.Basedonsomeresear-
ches

[ 6]
, thesizeofcross-sectionofgrainboundarya-

bout2 mmwillnoteffecttheefficiencyofsolarcells.
Therefore, weneedtocontroltheprocessandgetsuit-
ablesizeofthecolumnargrain, butitsneedtoavoid
theappearanceofclosegrain.

4　Conclusion

Wegivesomethermodynamicsfoundationtopro-
ducemulticrystallinesiliconbymetallurgictechnology.
Andbasedontheanalysis, aneffectiveprocesstopro-
duceSOG-SifromMG-Sihasbeenproposed.
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硅提纯的热力学基础

徐文婷, 马文会, 杨　斌, 戴永年
(昆明理工大学 材料与冶金工程学院∥真空冶金研究所, 云南 昆明 650093)

摘　要:随着光伏产业的发展, 硅作为生产晶体硅片太阳电池的基础材料, 其应用已经超过了 90%。从热力学基础对提

纯硅的冶金过程进行讨论, 其中包括酸浸 、 真空精炼和定向凝固, 并基于热力学相图对这一过程的可行性进行了讨论。除

此之外, 通过金相分析对过程可行性进行证明。目的在于寻找一种区别于西门子法的低成本的生产太阳能级硅的工艺过

程。

关键词:硅提纯;太阳能级硅;热力学
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添加镍粉球磨对 Mg17 Al12合金相结构及电化学储氢性能的影响

肖学章, 葛红卫, 陈立新, 王新华, 李寿权, 王　丽, 陈长聘
(浙江大学 材料与化工学院材料系, 浙江 杭州 310027)

摘　要:研究了 Mg17Al12铸态合金和 Mg17Al12 +x% Ni(x= 50 ～ 200) 球磨复合物的相结构和电化学性能。结果表明,

Mg17Al12-Ni复合物的相结构和放电容量主要取决于复合物中镍粉的加入量。加入的镍粉越多, 越利于非晶结构的形成, 其

放电容量就越大。球磨 120h的 Mg17Al12 +200% Ni复合物在 303K的放电容量高达 658.2 mAh· g-1 (除去镍粉的质量 )。

关键词:储氢合金;Mg17Al12;球磨;电化学性能;相结构
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