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PD K H>CD K>X=MD XMS >D_D>>CD_. V>X=RSLXMSLTC T YH>C KMV>C MSL MC> Y H>
GL>H. LGX= ML MHH V ?> KMDGWMXVGC DG ¥HWDHGXWASE _ Q : Z J=>" MC> JML>H D K>VM¢
MDH X>CMK X T YH>CL. S L> KMV>C MSL XIMDALIS HWMCV XS>L GT V' D> KSSK>V>C D L L
>CMK X T YH>CL MC> TC HGX>H D V=> ML LDWG/H#sIL L S X H>L MDH XMC] H>L W PMC GL K>
WX=C K GK. V VMD GK. MSGK DGK. >VX x MBHXXMD J$>>¥/KT D>DV C X KTS>Vv K WGC>L J=>C
TC T>CV >L. DXSGH D_ X=>K XMS C>L LVSDXMSKMESK. MDH MX HL. MC> H>V>CK D>H ]* V=> C
TLV DMDHTMCV XS> L U>

aCMHHV?>V>X=DS _>L D V=>TC HGX\S DMEZW=\WD KT CVMDV TC T>CVA W V=> T YH>
WSGHVAQyY Z. > V=>LT>>H W VL TMIELM >S&=@V M _ 2>D H MK>V>C J= L TMOMK>V>C MW
V=> LT>>H MDH GD W CK VA W W SSD_ WKSMKJ¥C<DLGC>L GD W CK VA W V=> H>DL VA W
WGVGC> TC HGXV MDH H>V>CK D>L V=> WEMBB=FCTIOALR J=> L=MT> W V=> TMCV XS>L
WMXV C H>V>CK D D_ V=> |GS< H>DL VA MDHHAWSEMFCWMSL IT=>C XMS TMCV XS>L TC ? H> |



SWW X >DV TMX<M_D_ X KTMC>H V CC> BSGICESH=WEK= L X DW CK>H ]» C>L>MCX= D V=>
W>SH WMHHV ?>V>X=DS _>LQ: Z

J=>K>V=H W JVMDD_ LT=>C XMS T YH>CL?¥>KKTC> V=MD z W V=>V VMS ? SGK> W
V=>C TCHGXV D. LK>SV HLT>CL DQ ZTDE>MHHSL> WV=L CGT WK>V=HL LHG>V = =
TC HGXV ? VA, MHMTVM] S VA, C>SMV ?>8DB ¥DAET VMSVL. >D? C DK>DVMS WC >BHS D>LL. MDH V
M]SVAV XDVC S V=>TC T>CV >L W VEXW DMSKNCHIK>V= HL W K>SV H LT>CL DLDXSGH> M
YMV>C. TSMLKM. X>DVC WG_MS. GSVCMVMXY MVHKBIX D Q Z

RSMLKM LT=>C HUMV D TC ? H>L V=> = =¥bWESGMWMBEC> HGCD_ HLT>CL D J=L K>V=H
KM<>L V TLL]S>V TC X>LL MD” KMV>C BSICSISEXV C* MDH X=>K XMSSA MXV ?> D>L PD V=|
XML>, LT=>C HUMV D L XMCC >H GV ]* CFOMT YH¥C D M LVC>MK W S Y V>KT>CMVGC> TSMLKM.
D MD >D? C DK>DV W D>CV MDH C>HGX DLX=MK>LW+£T=>C XMS TMCV XS> W CKMV D HGC D_
TSMLKM LT=>C HUMV D LL=YD Da_ HBBE&F=>C HUMV D. V=L V>X=DS ~"MSSYL GLD_
DV DSAY C>. ]GV MSL T YH>CL ML CMY KMX>&MSLL W MD >WW>XV 2>V SW C TLV TC X>LL D_
W T YH>C KMV>C MSL aC K M V>X=D XMS MDBWXDKX. V=> K>V=H W H C>XV LTCMAD_ W
V=> K>SV DV M ? SGK> W X SMDV wW C MYFS>C DSx C V=>GL> W W CX>H CC_MV D L"L
V>KL L C>X D U>H ML V=>K LV CMV DMS
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Initial powder

(Solid phase)

Heated powder
(Solid phase)

Molten powder
(Liquid phase)

Liquid reactor

Cooling powder

(Transition from liquid to solid phase)

Spherical Powder

. . (Solid phase)
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J=> L=MT> W V=> C>LGSV D_ TMCV XS>LDXKL}* DBXSGEMCMK>V>CL ML V=> DMVGC> W V=>
LTCMA>H KMV>C MS. V=> V K> LT>DV ] \BYTMISMISM {>V. V=> H LVMDX> WC K VB> D UUS> L>XV
V V=>LGCWMX> W V=>X SD_K>H GK. MDHABMOKITTC T>CV >L W V=>X SD_K>HGK GC
C>DVSA. V=>C> LD H C>XV X KTMCMV ZWANBAW BWES T YH>C D{>XV D K>V=H

DV V=>TSMLKM {>V D TMCV XS> K CT= SDYGBB>8 X SD_XDHV DL PD MHHV D.W C V=>
LGXX>LLWGS KTS>K>DVMV D W V=> TSMMKE TTXELH WML D>X>LLMC” V. GL> M LT>X MS U>H
C>MXV C V=MV TC ? H>L M LVC XVS" X DRE SSSW)XC MM D D_ LT=>C XMS T YH>C

J=>MK W V=>LVGH" LV XDHGXV M X KTWE2MV W MD K>V=HL W T YH>C D{>XV D DV
M TSMLKM {>V : GDH>C V=> D UUS> L>XV 3@ TSMDKMAS®_ V=> Mv L WTSMLKM V CX= R; x MDH
VLLTCMAD_ DV M YMV>C X S>H C>MXYAS WLI¥GHSH X KT LV D W K>VMS MDH X>CMK X T'Y
H>CL MWV>C TCX>LLD_. MDH V H>?>S T C>X=KKSDHMS DL D TSMLKM LT=>C H UMV D
K H>L
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J XDHGXV M X KTMCMV ?> MDMSAL L W V=>D{¥XV YHEE=>K>L. VY TSMLKM V CX=>L Y>C>
GL>H V=>a TSMLKM V CX= KMDGWMXVGC>N" \G&LC>PVS* O>CS <D ;>VXx. D Y=X= V=
LTCM">H T YH>C L W>H GDH>C V=> D UUS>MDNW®>@;Z TSMLKM V CX= H>?>S T>H |]* V=>
MGV=CLQ vy Z. Y=L>W>MVGC> L V=MV V¥HRCCMW+H X Mv MSS* V V=> TSMLKM {>V ;>V
w[ C. Gx MDH X>CMK X@v@S8Ox T YH>CL Y>C> LG]{>XV>H V TSMLKM LT=>0=H UMV D
V>X=DS _XMS TC X>LL W LT=>C H UMV BHIMCWIBJYL J=> TSMLKM V CX= YML X DD>XV>H
V=>C>MXV C DS>V WSMD_> Y V=M TC>OBINIESS¥+PMHVT/] V X L'LV>K J=> HGCMV D W
LTCMAD_ W C >MX= KMV>CMS YML L>XDBLS JXM8>KH>L W TSMLKM V CX=>L HGC D_
>vT>C K>DVMS LVGH >L MC> L=YD D JM]S>
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BML LGTTSY @C_D
LT>>H.SKD YHC _>D
J>KT>CMVGC> X=MD_> W V=>
S~GH DV=>C>MXV C.

J KTS>K>DV V=> TSMLKM LT=>C HUMV D TK &DL. ¢#4MXVC YML H>?>ST>H MDH
KMDGWMXVGC>H HGC D_ T>CMV D. M LT>XMSWIKE PHR2X>X DVC SS>H X SD_ W KSV>L
TMCV XS>L J=> KLV >WW>XV ?> V>X=D ~GXDHMHITSICH D W V=> K>SV DV M ? SGK> W X S\
wYMV>C C Sx. Y=X=H>V>CK D>L V=> H¥{>OVC>»&0GH S VAV W SS MDH HCM DYWSSS ~G H. M
ML XCCL D C>LLVMDX> W V=> DV>COMBHIGEVIMMELC ¥=> C>K ?MS W =>MV WSGv>L WC
TSMLKM {>V MDH =V _ML>LWJ€ 'x V LAAKSHBT V=>C>MXV CY V=M =GSS X SD_ L"LV>K

*ML>H D V=> MDMSALL W V=> V>X=DS_XMY=JCWHEE.YD_ C>~G C>K>DVL
W CV=>C>MXV CH>L_ D MC>W CKGSMV>H

X V=>TC>L>DX> WM XML> X S D_ L"LV>Ky

x DXC>MLD_ V=> DV>CDMS ?SGK> MDH LGCWNMNOHNCMY D W TCHGXVL D
CH>CV >DLGC>M S D_ XDV DG GL X" XSBywW T>CMV

X C>HGXD_ T>CMV DMS XKTS>v VA |0 KTSY@>DWIBSYD_ T>CMV DL D M DD
HLMLL>K]S>H XDW _GCMV D >VWCMXV D_ V¥HXCLGSWG>S D_ MDH HCMDD_ V=> X SM
XC>MV D_ MDH KM DVMD D_ M D>GVCMS _WDHD?2GNBSDY.DV CD_V=>TC X>LL>L DLH>V
C>MXV Cy

X ?>CLMV S VA, Y=X=TC ?H>L V=> T LL S/¥CDMWD_ X DD>XV D W VY HWW>C>DV VAT
TSMLKM V CX=>L

PD MXX CHMDX> Y V= V=>L> C>~G C>K>DVIH M_IOMKWWX> C>MXV C =ML |>>D H>?>S T>
wa_ X.MLY>SSML TV DLW C>~G TT B WW¥W®=DV TSMLKM V CX=>L

J=>C>MXV C,L LVCGXVGCMS >S>K>DVL TBEMVIDL. WBH=C/X%X>CKMS S MHL MDH X DVMXV 'Y
YMV>C MC> KMH> W XCCL DC>L LVMD¥=S £ M8SJ=tWCMDLV D DH>L W C XDD>XV D_
TSMLKM V CX=>L. >vT>C >DX D_ S XMS =>MY DM@} RMH> W =>MV C>L LVMDV X>CMK XL

J XDWCK V=> >WW X>DX* W V=> X SD_ KOS DAKGSMV D YML T>CW CK>H D V=
ISH|C<L aSY IKGSMV D >D? C DK>DV J=> KHHSTC>L>DV>H D M LKTSW >H W CK. XDVM D
DSN X KT D>DVL >vT L>H V = _= V>KT>CMVAEXVIZ>.C>DV>CDMS ? SGK> W SV>CML W SS>H
KH>S K>H GK wYMV>Cx V=MV L KGSMV>L V&SHKOXV IDICMAD_ DV M S~GH PV YMIVMLLGK>F



V=> KMLL XDLGKTV D W V=>T YH>C YML MRMCB*GH¥ S Y>C V=MD V=> XDLGKTV D W V=>
TSMLKMW CKD_ _ML. L VL >WW>XV D =>{OMMDWXMYML DV VM<>D DV MXXGDV J=> DV M¢
TMCMK>V>CL MDH ] GDHMC”" X DHV DL WXM&XOEMEZKMEC> TC>L>DV>H D JM]S>
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a_ RSMLKMLT=>C HUMV D C>MXV CY )= RDDeXYC H WW>C>DV TSMLKM V CX=>L
' : TSMLKM V CX= & :yfSMLKM V CX= R; y=>MV C>L LVMDV MHNIPWBECY C XMTRS>V WSMD_>y
1:C>MXV C ?>ld>BZM D X=MDD>CEYIX<
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« GDHMC”A X DH V DL >L _DKH>S WV=>C3MXV C
>L_DMV D RMCMK>V>C
GV E SGK>VC XWS Y CMV>MV VELDS>V . °

RC>LLGC>R. ;RM

J>KT>CMVGC> J. »

PD E>SXVADV=>VEHC>XV D.KL
RC>LLGC>R. ;RM

J>KT>CMVGC> J. »

@VK LT=>C X TC>LLGC>R. ;RM
@K] >DV V>KT>CMVGC> J. »

PD V MS TMCMK>V>CL
e HAN V>KT>CMVGC> J. »
:MV>C MSL
}GLD_ ?>C Y[ J
@HMTV>CL >CMK XL
aSS>C IMV>C. SV>CL

J=> C>LGSVL W V=>CKMS KH>SD_ L=Y>H VAMWCY¥=UKMS C>_K> D V=> LLV>K L
>LVM]S L=>H L>X DHL MWV>C V=> LVMEV. YW\/=H TCW=> XMSXGSMV D C>LGSVGCOE=> V>KT>CMV



HLVC]GV D W>SHL D V=> C>MXV C LVEGKNSCGHMDH>NDX>L W V>KT>CMVGC> X=MD_>|
X=MCMXV>C LV XT DVLMC> VM D>Hwa _ x

a_ J=>CKMS TS VL MDH _CMT=L W V>KT&EIMV/KEC> ?>C
=:V=>S~GH D V=>C>MM£EX>CMK X MHMTV=EyDD>C LGCWMX> W V=> C>MXV Cy
:V=> GV>C LGCWMX> W V=>C>MXV C
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AVT>C K>DVMS LVGH >L =M?> L= YD V=MV DW [FCBNLD. V=> YMV>C V>KT>CMVGC> D
C>MXV C DXC>ML>H J*  «. Y= X= X CC>SM¥>LC¥MGSVL W DGK>C XMS KH>SD_ @WV>C T
VC>MVK>DV. V=> TSMLKM V CX= YML H ?>C\Wskb IB¥MXWAE K/=> X S>H YMV>C Y V= T YH>(
TMCV XS>L YML HCM D>H V=C G_= V=> S Y¥CSVSMH ¥ MEMCMXV V=> H LT>CL>H KMV>C N
T YH>C C>LHG>L H>TLV>H D V=> YMSSL MDY CKMXV C Y>C> X SS>XV>H K>X=MD XMSS
C>LGSV D_ TC HGXV YML HC >H MDH XSMLY WEHGMBGEHK>VC X X KT LV D

@L M C>LGSV W V=> >yT>C K>DVMS LVGS! FIYH*C TRA@)HAC KMV>C MSL YML LADV=>L U>
[C. G. @SO MDH fCOJ=> VM D>H T YH>CL Y>C> LGH{>XV>H V M DUKRECMBMSAL L.
DXSGHD_ M LVGH® W V=> K XC LVCGXVSCUMBHIGIBNXD ;>VMSS _CMT=X MDMSALL W
]VM D>H LMKTS>L YML T>CW CK>H D M [> T=DMX T’ XOMCS f> LL. B>CKMD"x

7. .
J=>>W>CDMS KCT=S " W V=>T YH>CL MWZ>®IVEMDKM. L=YD Da_ J=>MDMSALL W

K XC _CMT=L L= Y>H V=MV K>VMS T YH>CL w WX CX=>C XMS TMCV XS>L @V V=> LMK> \

X KTS>V> LT=>C H UMV D YML DV MX= >?>E WNVXSOWBOWE@SO X Y V=M L _D W XMDVSA

= =>CK>SVD_T DV }Y>?>C. V=> |L>C?>MAQ@DNWY_ V=>L=MCT >H_>L MDH WM)}SL W V=>

TMCV XS>L DH XMV>LV=>]> DD D_ W \¥sLK>8WE> TLGCWMX>

|=>D YC<D_YV=SYK>SVD_KMV>CMSL. SMBICVX®E TT>C. MDH GL D_ V=> R; TSMLKM
V CX=Y V= MvMS T YH>C LGTTS". V>X=D RGSMS B J=> X TT>C T YH>C YML LG{>XV>H !
TC>KMVGC> K>SV D_ H C>XVS” D V=> TSMIKMEMEODEL. GTV= GV C>MX=D_ V=>UD> W V=> =
V>KT>CMVGC> TSMLKM {>V J=L S>H V VIHKFSWDD NDW=> DD>C LGCWMX>L W V=> D UU
W SS Y>H J* V=> WCKMV D W SMC_> HC TS®VWMSIWM=> W V=> TC X>LL. V=>L> HC TS>VL
XMCC >H DV V=> C>MXV C. WCK D_ LT=>®SSMSMID EK4 MK>V>C waGC.D_ WGCV=>C
T>CMV Dw?>C  L>X DHLx. V=> KMV>C M3 XSS+ MBH |S X<L V=>T YH>C LGTTS"

DS <> V=>R; .V=>a LH>W>>H TSMLKM \GCXt £UM]S> T>CMV D Y V= V=> LMK> KMV>C |
LDX> D V=L XML>V=>T YH>C L D{>XVE D¥>@MS TSMLKM U D>. ’\TMLL D_ V=> B>C=>MV D_
D V=> TSMLKM V CX= X=MDD>S @L M G$LESUYLMW PHSC Y V=M GD W CK LT=>C XMSKCT=S_
YML JVMD>H wa_ x. Y=X= DHXMV>L M K C> TC>W>CM]S> DIVAEBMAX WD/ TMCV XS>L Y V=
TSMLKM D V=L XDW _GCMV D
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]>W C> MDH MWV>C TSMLKM LT=>C H UMV D
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J=> _CMDGS K>VC X MDMS~LL YML XMCC N XBAS|TCYXMM-D_ W KM_>L VM D>H GLD_
TV XMS KXC LX T J X DLVCGXV TMCV X3sV I>\WEMXV DL DM @ >D? C DK>DV. M CMDH K
LMKTS> YML K>MLGC>H. DXSGHD_  LT=>6XM® TMO#XV"T> W TYH>C BCMT=L W V=>
_CMDGSK>VC XHLVC]GVY D WTYH>CL [VEMZIGGIEMLKM V CX=>L MC>L=YD Da_L MDH

a_ J=>>W>CDMSKCT=S_" WLT=>C HU¥H>G
:TSMLKMVC D R; y TSMLKMVC D a

21 /1) m M om( )& G



a_ BCMDGSK>VC XHLVC]GV D W T YHEGIGAOV XE>MVK>DV Y V=M R; TSMLKM V CX=
20 03 $1% & (" ! % $IH( & (14438 ( $ -

a_ BCMDGSK>VCXHLVC]GV D W T YHEGIBGDY XE>MVK>DV Y V=MD a TSMLKM V CX=
20 03 $1% & (" ! % $IH( & (14438 ( $ a

J=> MDMSALL W V=> _ CMDGS K>VC X X KT IHWBM¥ >>K LV XML>L V=>a TSMLKM V CX:-
W CKL SMC_>C TMCV XS>L X KTMC>H V V=¥ BX=TIMLKMX DW CK>H ]* V=> M?>CM_> ?MSG>L V
Gw ?>CLGL KXCDLx. @Sv ?>CLGL K XCDLx MDH @O?>CLGL K XC DLx J=>
>VX>TV D YML V=>[ C MSS ™. W C Y= X= V=HM2BCMDE VM D>H MV ] V= DLVMSSMV DL VGCI
GV V ]> MSKLV H>DV XMS w KXCDLx JB> OHGSM.> D TMCV XS> LU> Y=>D GLD_ V=> .
TSMLKM V CX= XMD ]> >vTSM D>H " M S>L$>DVFDIS-DC>H V=>CKMS >WW>XV. X=MCMXV>C |
XDW _GCMV DY V=SMV>CMS T YH>C LGDTBIEOEXNYMZ>Y= X= S>SMHL V S>LL =>MW¥ D_ MDH.
C>LGSV. M H>XC>ML> D V=>H>_C>> WIHEFESCH ODMWDB

@D MLL>LLK>DV W V=> GDW CK V" W V=X XMDGY K>YCV=> ?MSG> W V=> LVMDHMC}
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