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o2y Alge T2 3/dAAH(solid state reaction)OZ
Azlgitt, WFAAHE 71RA0R a12A] 7] SFeha| ok
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Fig. 1. Equipment and tools for the solid state reaction method
(balance, mortar/ pestle, press die, press, and CIP tools).
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Fig. 2. Binary phase diagram for Al-B.
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3 Al2k(volatile material)®] = 7350l A HA AZAA
o 255 o} 3] LAY AR SEle Aol F
o} oA FhoEM Alofo] Zol | AY ety ol o
& Aok whgsted HYE AElE RIS 7 Q7] whiEolth
HE do] B 3 329 2EE W= &5 (cooling
raey’} A5 HE S0 & IS F= AT Ut o
£ 59| W7HEEE (manganite)2] 739 dHkE oz 1200 °C
Fo] aL2olM= AT R Aol Al Het 59
S Ao ME 24T HESEA U oxygen deficient) &
%} (inhomogeneous) A7} THEo]E 7}sAdo] ). o]
$ol= 1000 °C W2]e] 2=of|A 3] Wyztsled 4kart
|59} oA 29 F e AREs FE3] F= o] Fh
oF 3o Jd AEE e 3V, E, $& dqAEL
S o183l T (quenching)ate] L2olxe] EPYHQ
“F(meta-stable phase)®-Z THE7]%= 3}

AslEa ol F71Fl Esl] Adske AR e )
2 gelo] 3= (box furnace)s ARESH= WhH 23
gk 7k ER7|A Aoy FHS T wile wHYe
(tube furnace)E AHE3ICE FEE 3lRoMe FHO &S
B 7kaE FUeka T £207 ujEEEr vt uiE

€ File 3719 975 =L 7= 17E 3785 9
3l 7]1Z7](bubbler)S A&}, 1 QJoll® LX) AlFe]
dEs ThtaA Aol Thsgh iy HULE &8s
BiMnOy#o] agtellAnt ERfsks =A% ] AsE
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Fig. 3. Schematics of the cylinder-piston type high-press furnace and
photo image of tri-arc furnace.
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ALE Q0] G AT o) FEL ok o8
HEE(Ta) 7H 22 F58%5 39 W= A5 A-8-Hrh
HU X (tri-arc furnace)

2. MPES 0| A= HMF

At AlErt lslao] ofd slEolu 547t 3%
& (intermetallic compound)?] 7351} AFS}EUR|elE AkAo]
Z23& ZAsloF ke 9ol Wo| 2= "o A3t Bl
(quartz tube sealing) *3*Ho|t}. o] 79 FFol} B 7]
A £$1719] FE 32 (tube furnace)s AFEE &= AANH
AT Aol R 37 s s Abdsial v
AlgolA 3 o] FHkE Qs 54 ¢4 &4k o
AptEg FH 32 Hoh & FAlE 227l ASE AR
g e Aol ok TS APEe okt BkoE W
ol 7Fsstd 553t sEe @Ed AelE £3] AR
Hoh 2oy A9ES tE Al BHoh 5e3o] ol AR
257} 1200 °C7HA] AEZ AgkE A, GEE 520 Y
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] A 1 Ax oS AYY] JE, dF w5 4
25T WREIIAY AAE Y1 SE] dE S e o
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2, of2 & 7k, EX|(torch) 2ER] HZ} o7t w2
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EXE o8l 1202 718 Ago] Fiksled miAg
xlo] AR B7lo) frofsljof gttt TS FA o)
7] 918 HEFZ(turbopump)E A T Aot B2l &
AFol Agdo] IEH HREHFZ £yo] 4 F glew
2 o] 7% cHAAX7} viEE FEE Algsjof 3t} 2E}
2] FEE AMESRE Aeols A9 &9 3 AARE AlA
sl7] $fall = Ak ol2t 7ReE A3} A (purge)ys Sfok
3} Mg Bo1S eire WA Be] 3] w3l A
2 wEEofof k=t ol flEiMe A% (quartz rodyS Z
2} Mgl Yal B % 3L Fig. 49F o] EXE
ol83llA M| Fhe FEIP T ¥ EHES 55%
ol Eex HeeH ve $ AR = Ut o)%F oA
CRRAARE A Qg#e] Eo] A 7oAl SR ke
THS01A] Bridgman WS o]8gh @A Ael= g
S o8 Stk AlETF I2eA AT & whEske
H4 (Mg, Ca, Sr, Ba, Sb 5)%1 2% A7t H9aat 234
HAEEA E5F APEe] el g4 I8 (carbon coating)
S AU, AEE SEEHN(Ta foil) o2 e A=
A3, FEET Sl BRISH T tA] Mg o)F 5AT
FE Aok Mg gk IR o] vl Mgyke] &
1=

Y & ERES £ 22 olM|E(acetone)S HES £O
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Fig. 4. Procedure for the quartz tube sealing.
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S A Q8] AlET) e HREls 3o Fo] Fow
WZehs Zlo] o} A98E A & e Ha &
1200 °C Ao AE= AZAs|of 3= A-¢ Aodvio)
A FEske A7 A 7] Wil olwe AP
&3 sk 7&%19& ‘6‘}71 Hils 1479 Axo] olzx
T Uk AlET7F Rl 3
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A1
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2 W 7}94TE %%Eﬂ w:]~u4
3 ol o1 e Fell (embedded type)S AHESIOF Y.

3. BHEE 4E

oA AFEARC] BARLS YrEo] FU1H o= vidH
A7 2= 0.1 mmolARE] 24 em 7)) A 649
= AAo|t}. ol Zkzto] TAAMSE Higko 7 ExQ=
thAR o2 RE BAAS AFsEl] M dg wA e
dqxE Brrssta A 71A Al o] 540 U=
A7 Eojor stk a#u 9es] thEA A)gE =9 3
off Tl g3 AL s @EFe] HXe et B
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B=21718k8) 2] A21A 3%, 2011 6

o FaE= Alge] zt el ohA] FEAE WRke s =}
< ARE0] Fglo] WA trao] Hol #E Zlolt). w
P AAE SRt Ao WE7] Je e Ao
A3 ASk(erystal seed)OZHE] A)Zl5te] BlE-S HSo] A
i% YAt ol o] HrhEo] FabH o g Aol Aok 3
F 9tk 2y 94 Fig 29 A BY o]d A%
3 W A9 BokRo] 883 Fol Al §aL He FellA
7_‘7]94 o g FlEol @& Z3} -8 (congruent melting)yS
= AE7F e v A Sal 2 o 2] 2hE 7R

o] ThEofR|R] Q= B33} -8-F(incongruent melting)
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oll 1..

3 B ARE otk Hep] s 888 S Amt =
Q) Fol SAHOR S AVIE WS 2 DAY A
Q1 “floating zone *’, ‘Bridgman ‘%}‘?j’, ‘Czochralski "
W e o8 - gtk HE8 882 S Ami Eels
HH (flux method)O]L]- Z7] A2 (vapor transport method)
5= o]83ld A #3l 2% (decomposition temperature)®|S}

oA a@% 3 AACk Ftk 71N duE @Ed A

il %ﬁi WS AEs %Oﬂ _T_ﬁP“‘*EHi T o]

o] Dol Fgoat fslcn

iatéﬂ 3_011*1 AA8] &
b)) sl A 13741 Hoj A4 o] vhEojx|L
(nucleation) 71 ol AlEZH SR AEE FAHsh= d4E0|
H7ke]o] AAo] sk WhHolth ZYAE 2ol= B4
=540l vl g B8 & gl A4
ojof fﬂt} AeEe] GARS AL A9l &3] 2role
= 131203, PbO/PbE,/B,05, KF 5°] i1 &7t 3
=2l A9ole Bi, AL In, Ga, Sn 5°| Utk AEE T
*%P— i OM— EY2 857 AMske A S8
W (self flux method)= A5+ ARSET) 7[EZH o7 ZHA~
WS ©AR AR FH2Ut BEEE VK] A0 o
ol A E=2s o] o = BEAS dAske 54
oxe ool itk 82 Wi oY Fa AR
ZAL AFSF FY29 HIE, 255 = URle 9y
W7t &5 Folth A EY2t ofd A9l Alset £Y
2=9] vl giFE AldIEeE AX HA9 HlES Fohlle
o] ®Folth A FY2 dME A=t e BT
of Agel Z=2e] v 9 Wizt 2 Jo] A 24 =
T Ut} dE E9] Fig. 29] Al-B AEXZRE AIB, &2
AL A Yo w ANl 20S FalEAl AlB,
= Bx8} 882 S Al BY| IS 1:25)] £9)-%
33PA AIB, ©AAo] vhEoix|A] ek=tt. o] A
S 23 AP} B EHIES 98:2 AHEo 3}¢(Fig. 2014
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SPEE AR HIE) 1250 KAIAFE ti=F 1000 K A=7k
A =5 =g WEH Ale] 2K 82 A4S s o
11 AlB, 1\:]_-@;(40] /ﬂ;dﬂq.

ZY2 e I g3 dsk WHo g Ho|x|uk 44|
2 vl 20X AR slEiE Alde] EARRS
WhHolth, ol 1ReX] AL ol 8 O] 3,
T £xo] vHgl 8% Fol 83 WGt 57 wio]

o} web Alg Tl g A, Ee] 949, sle
A ErRe) oA, =r e s T WeAse)
92 5ol BRH o waHe] Aol ek v A
Ae et AYF 2N BAA % ol g
27} ek

ZHA vwpHoz ARo] A
Asl7) Ssine =, A, %, FBIES 58 o84
HHo FYAE KoY S v, BHHow AA &
S A B AT 48 Qsle 297} Bk o)
2 290l BT Feiee ol oA Aee e 1
ol =7 F1olAu, Ague] BEe] 9e A9
QURE ol8sle] DAL TererE Relshs
3t} S8 wo g thaA o] AAS w A

W 27l dn Fo vy
2 e ek ue) than] 43E5Er) W ek 524
Qe RE 1%EM><I U1 LT} o W) $27
QA He HA wdele] 2o e3S o]FA Hrt. ole}
o] A7 Wl M Ao zlolef o) 5AARI <]

2 2 F= ]2 A (crystal habit)o]2} ﬂt‘rp] Flg.
5o EYs ihHo R At A S ARl oA ¢
F2 seiue 249 22 P (facety> AAHE F9 3
volug 71t xd 3 A4S Bl @éé =S 4

A G ;lﬂr.

o2 7] ML (vapor transport method)ol] 2]+ o
A7 A dis] ARzl o] HPHE H]3|HRA 9
(nonvolatile) YA}t 3FHE-S A K54 (derivative)=
Fgsh= 7HAR] BEE-S o] 83t dRbF o= MYPH &9
a7 AsEEA) A Fl(catalyst) HEE 3= 71A

Fig. 5. Photo images of crystals grown by the flux method (HoFeOs
and Tb3Fe5012).
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] A (transporting agentys 20] &1t 71EEC
22X Ag7t dgAlel 38t dhgsio] 714 delE deEa,
L=7F Aol Ynm AT tE FEA IEE (mother
material)? HEAE THA] HaEle gukgo] o} YEA
o] gZsh= HAIA AR Aote] ThEolRaL &Aoo R
HA7reel BAS AATIE WHeolth HEAR = ARSE
= Z 8.2 =(iodine)°|H B2~ (chlorine)?1Hl] FA7I~=
EA0E 5717 4A ¥eEE daE IR CrCh,
VOl HCl 59 AMSS1E 3}, o] wpie olgaty] Slal

e FEE 2o Fe U 252 fA AAFE
two-zone 3}27} TR} Aul FrBE 3lZo] AR} 7}
A A LEA}olE ol8E £ Utk JEAT Ag

Ae] slskgo] AN (exothermic reaction)] 735l
A7 4 HdFoE 257t e JY(cold
zone)ollA] 571 =& G (hot zone)> & HEE 1, St
-5-(endothermic reaction)?] 73-50ll= AJtiFoR 257} =&
FYolN 257t e dHor ALH4]. 57 A
A F83 A 20 T 999 59 Frlsle A 1]-04
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Crystal Growth for the Research Purpose
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Principles in the synthesis of small-sized high-quality crystals for the experimental condensed matter physics will be discussed in
this paper. Synthesis process and cautions will be introduced especially for the synthesis methods which can be easily accessible to
researchers. Starting from the solid state reaction which is the most common synthesis method, I will explain the quartz tube sealing
that is crucial for making polycrystalline materials as well as single crystals in various conditions. Finally, basics of single crystal
growth and various techniques will be introduced on the whole for the researchers who are not familiar with the material synthesis.
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


