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Morphological properties of Iron oxide under the systematically
controlled synthesis conditions

R&D Division, Toda Kogyo Corporation, 4-1-2, Funairi-Minami, Nakaku,

Hiroshima 730 (JAPAN)

Haruki Kurokawa

Introduction

Morphology control of fine particulate materials is important for advanced materials in many
fields, such as pigments, catalysts, sensors, and magnetic recording media [1]. Many practical
methods of producing acicular goethite particles have been developed. Especially, the method using
oxidative precipitation of hydrous iron (II) oxides from aqueons solution of ferrous salts is well-
studied and serves as one of the most popular methods in industry [2,3].By controlling iron (II)
concentration, pH, and the rate of oxidation, the length and aspect ratio (length / width) of these
particles can be widely varied [4].

The purpose of this study is 1o find out the conditions for the favorable formation of acicular
gocthite particles with higher aspect ratio and to analyze the change in the pH during aeration
oxidation in slightly alkaline solutions containing varying amount of the initial Fe** content and the
neutralization ratio. The role of a metastable intermediate, the green rust (II), for above-mentioned
pH change and goethite formation is discussed.

supply
Experimental

Sample preparation 1T
Iron (I} hydroxide was obtained from Buffer Cooling
.. . . Steam plate water
neutralization of iron (II) sulfate solution by an amount jacket r
of NaOH insufficient to neutralize completely. It was \ — N ek
followed by a subsequent air oxidation. Fig. 1 shows a . y—_ turbine
schematic diagram of mechanical stirring vessel. The  |notan tube ser;or
agitation rate of the stirrer was controlled at 800 rpm perature
and the air blowing rate was kept at a constant value of A r_._
3, - . . R . . [3
50dm’/min during the oxidation reaction. The reaction jjgiajer ==  Sieam
volume was kept constant at 50 dm’ and the = supply

temperature was controlled at 30°C £ 1°C in the

neutralization of iron (II) sulfate solution by NaOH and

was increased at 45°C + 1°C in 2 hours. Fig.1 Schematic diagram of Mechanical stirring
Precipitated goethite particles were filtrated, vossel

washed and dried at 120°C for 3.5hr in air. The detailed conditions of synthesis for typical sampiles

are summarized in Table 1.

Table 1 Synthesis conditions geometrical properties of goethite samples
Sample  Total Fe”™ neutralizatio amount of initial specific suface observed  observed aspect ratio

conhcentration n ratio precipitates area by BET length width {lengtht/
width)
{mol/dm3) (-) (mol/dm3) {m2/g) {nm} (nm) {-)
1 0.60 0.50 0.30 785 254 185 18.7
1 0.84 0.50 0.42 745 275 193 15.8
it 0.36 0.50 0.18 975 187 163 12.7
Iv .60 0.70 0.42 69.8 255 180 16.4

A 0.60 0.30 0.28 103.1 141 170 8.9




Changes of the morphological properties, pH and total Fe*" content

Changes in pH were continuously registered in a HORIBA M-8 pH meter with glass
electrodes The total Fe™" content of suspension was determined by K,Cr,Q, titration with an
indicator, sodivm diphenylamine sulfonate, after
dissolving the samples with H,80, - H,PO,
mixture acidic solution (1:2).The Fe** content in
the solution was determined in the same method

I i 1 T T I

pH

after the paper filtration of the suspension.

The particle morphology was observed under a
transmission electron microscope ( JOEL, JFM-
1008, acceleration voitage of 100kV) after a
rapid oxidation by H,0O, thus the shape of ferrous
hydroxide and green rust (II) are both invariant
for the topotaxial change in this case. The BET

specific surface area was obtained from nitrogen

adsorption at 77K ( Quanta Crome, Monosorb 0
MS-11). The mean particle length, width and the Reaction Time (Hr)
aspect rafio, length / width, were obtained (1) : [Fe]=0.60M, 20HFe=05

directly from micrographs by using a dizitizer * "~~~ (2 Fe[F0.84M, 20HFe=05
A e : {3) : Fel=0.26M, 20HFe=05

coupled with a micro computer ( Hewlett _ o
Packerd, HP-85B with 9111A Graphics tablet } Flg. 2 The changes of pH with time
for more than two hundred particles for one lot of

the specimen,

Results

Changes in the pl and the total Fe*™ content with reaction time

Changes in the pH with the oxidation time is shown in Fig. 2, in the case varying amount of
initial Fe** content with the fixed neutralization ratio of 0.5 (Bample [, I, IIT in Table 1). Fig. 2
shows that the curves are dominated by total amount of initial Fe** content. The oxidation time
increased with increasing initial Fe®™ content. The second plateau of the pH - time curve in Fig. 2
appeared at the same value of pH 6 in all of the cases in Fig. 2, despite the difference in the initial
Fe?' content. The second plateau of the [Fe™] - time curve appeared at the same value of the total
Fe™ content, 80%.
Changes in the morphological properties

The length and width increased with increasing both initial Fe*" content and the neutralization
ratio. The aspect ratio depended on the neutralization ratio rather than the initial Fe*" content.
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2. &lEuHY

2.1 Als @ ulAy FEE 4 AEFTHAAM BAEE ¥E CAERE WsE Fe], SAMY T
A5 EHEQA] AAELR ARFHAG ZHAY AWMEES 7 wt2%d 10 wt.%d 2 £Fo R
A7velg o, Az W3le] HARL of 48%, ©AE 2 ¢ 10% olYdrt nEAYEF= Al AL
442 7] 43 AFF A4 HA Algarrobo¥H B Perp® A2 wlwA 2 sty
22 84 =4

221 Y3+ FAx - "=l 2y AFQ sl (green pellet)*j'ﬁ]oﬂ*ﬂh %7&59% L BA TR
Astgrh WlAg BulE P AZhel met HEAEE ZAEIR LY, A st nEik
ol g Walg AAPE 2 4T APAFY A5 5]351"4.

222 7|3&  HFHE AMEEte] S AnEH dag el & S 257 vE g
zlol&2 7158 A9k
23 39 43

231 #9834 : AR 500ge A71R Sl AgIEe] 550T, CO 30%-N; 70% &
7}2(15 Vmin) oA 30837 @439t FhAEE HEPES S9N EF gEe A
0rpme] HEF 307 3H F -3mm AgY 2&E FHEH AHRDDE el S

232 &894 500 g9 AREE AVIEYY gk FlEhe] 600T, CO 30%-Na 70% EF7
2(15 I/min) FolA] 18083 FA&dg. w44 F3ls] dede AA e giaR ZAF7) &
A&, ot Ao} ofsle] MEtEoA AAE Fhe] ¥E A 2982 iE 7%11:}

233 W34 A=EGEADE 200C, CO-Nz E87F26B00 ml/min) FolA 027 d-dalgn).
agi Y AT " s Hoty myyor 234 g2 pely

3. H&ZH { u#

3.1 98l Ax 54 1 AUES 10%H7}H3
Adgiel A FEAmst IR} 44 26
ke/p 7682 A8H< AW Yo P4
wEatgn Agale]l FAAzE Al e 7
= W AEE Figlel Jenigd vad 2
ot tEgxe %Al 7)7F oF 102404 159
AA wEE Frlele? tEPEsl 150kg/Hel
EE9n 7 olFe st fus A
ARE Btk ANES 10%3713 vaa 9
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A

Compression strength,(ky/p)

0o YEPEE A4 AP PerwdYS ¢F 0 T 5w H B w % Wk
BE 1667kg/pRT B & SRR HABE Curiag time, (day)
L &P Hisled -5l Fg 1 Comparisons of corpression stength of cemernt

honded peller and ouring time



3.2 A3 {§AESA : Table 1 o vjA4 WIS FEIF 74 128 459 RDIE &4
F AEE FAEY ANES 10 % J/HE viad 88lY RDIE 44 "3l £F22 Wgk
o], AAF Halde AAI] FL $5P Ao Y LTt FopRW HAA =g
24 4989 A4 RDIZF F7He ASE ngov 2492 #Aases 4% Ve

Tahle 1. RDI and compression strength after reduction of blast furnace burdens

CBP(10%) CBP(7%) ALGP | Peru P | Sinter

0 RDI(%) 23 3.1 36 42 ] 437
C.Slkg/p) 1338 456 274 328 -

00T . RDI(%) 45 306 3.3 a6 ¢ 148
C.Ske/p) 73.6 14.1 46.6 186.6 -

900 RDI(9%) 85 8.4 190 158 8.2
‘ C.5(kg/p) 58.0 319 444 21.8 -

i
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g9 Fo] r2ARE 29 257 5L 52 dolxe AL Holxm glod, AWIELN
AR Eel tinsle] HRkp/p THEL R 9k

7 w44 HB‘M 00T 84 ¥ &g} o
BF £ 2adP. f9s4 :M ARE SARLY 25 dds 2P B A g
Aol T AL & + Nt F WYY B3} HEL Edaolieny, A438 A vn
A & YAz yAd 1*}3.’4_%01211:}. olf ¥ dEAE& AFFeo AfaE UM Tl g W
Agide dd4 dHrFE A3 %rz]v} Folgte AolA Z180sls, =y Fde] AL ¢
< T3 HE EM YA F-2 Uy ae] vprd] o3 R2Eo] AAEEE Fdgch

3.3 A31a] fP4 @ vA JQaA P& 9% Daln glon 3"“—35}°V 7} 988 %)
IB.6%0 Dae 57 % 245 Yepdch, d]a4 Hle] g4 253 A ga A
Fo] o 10%AE g0l o] Byl 2 re] COrtxd 23 &g ol9o® Biel 2§ A8
Hk-go] #HEle) Yo FA ddFHo 7 doju}r] mfRe|y, melA topochemicaldt 9 W
g0l dolily A4 AP HjE 9 57 wad Foh EF w44 dale AdE SEe
9 AR5V TN BaEdA 3] J1FEE 24 7] W Ed g whee] 2AEE= A
L2 F4Hr

3.4 A3lo] G A A APl oF 10 % AFe] FAEL JJEgdewd, HiAA
YY) Aol 38 o 0% $H5EE JehiRc.  olg 22 Wad de) £3 @
2 gl H g2 AT FAFSo| AAGRUA ol EE A Fae Po] FUA GgEE
#gdeht AR FE5E] A2V A% AF Frle] FFgR =27 v Rolaln 24

b

4.4 E
ARa S HAER AMES Frlete] 43¢ vad 939 2 2 FAATL 1
2 AY9ED 22454 &4 g8 Z2x g g447 vng 25 1:}0;,} 7&“3 8L 4.

D ANFES 10%H7HE Hay B3 Ade ¢4 2 AxAed) 98 ¢E3=7} 150kg/pol 4,
HAAEE %ol 4o s A2% R &4 Pl Axg OFAY S5

2) HaA dgle] B4 G Bael A3 Lot AHER e nLoA T E}
Hie 54 wid Ag3eu &4 F3F) FYEd wmste] dA3 5

3 A& Wele ALXFAEFAL &4 Fole] Heo} gol 5% olgle] 702 e fRolgich

4) Hla4 e, oA Aok i B 2k @ By T a9l ey,
2 AFHe) ads B4 vt

5 %7 28

) HelE : TIAAG) AT71R, 6(3), 126 (1984)

2) RS A MEEFE, (209), 35 (1979)
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RECYCLING OF WASTEWATER IN CHROMATE PROCESS

Korea Institute of Geology,Mining and Materials. H.S. LEE, S.J. LEE, H.5. JUNG
Samsung Engineering Co. Chang Upp CHOOQO, Jae Dong HWANG
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QAN 7, £2HHE AHEste] 2Ep4t
i}% Cr(OH):E ARAHA &elAl&E o] visisti e Ad3olrl, AFFARES T
o] A9} HEZ Sl 67 IR oR 4RI AEEH 2EFL AZEpd o QLEE
01 BRALAe ZHE o7 A7 glrh
uwpea] 2 A HAE ﬂiﬂﬂ‘f’]E H4E AR sty 2F3 ol F7tE4L
2 eyt A AHeEas 2RoZ FHY £ e FFS Asted drh
o] AL A4FEH} Ferrite S %?{Jfﬂ Hybrid Process ZA Y4lFoy &
(Retentate)2} T34 (Permeate) 2 28)3te], F2gp= HA5R 2| AT 4= oA shy
zpze] old e Ferrite B0l 213] Hit¥E(Zn-Ferrite)& hail, AEF2 EE£=2
Y=g ARgsiv) ogf B2 FHE HL &RAE WE3HA] 4= Closed System2
2 Z}7}e Recycling®@= 2li= Al FHolgtx & 4 it

o
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2. A3e

AR 3zdelE Yl HsE K.Cr0r # ZnS0;- 7HzO(Sh1nyo Pure Chemicals Co.)
24 Azt 7| 2L S Asiolo EF] AE2EF AYpRAUFTFAEHAL S5 AHE
sl AL EE Batact

AlEHP .2 Dead End Type Cell{400 mD< AHEE J4HF2HReverse Osmosis)e] 7]
ZAMEL #ste] ROY FI-30(Fim Tech)etd] #F=7-& 515, Sand Filter, Micro
Filter, Ultra Filter 2 Reverse Osmosis{Rochem RORO-101)& %HAMEE ARE-sle] A
FE2 1AL 24 AT AKAES W] FEGEL] W 9 FALFE] AFZ ofd
FEE A3t *‘5"%"(1“]]71)3% 72y ZApsielrt.



3. d¥d 9 a3
1) 22 olE Alw2] MAe] 4H

FBEEZE A4S gATANY MRelE A Sand , Micro ¥ Ultra FiltrationS 33
stgirt ol =RuHF F-REolLt AAVIES AASY 4T FoulingS =]}
7] fl¥telrt.

Azl E AW 42| Turbiditys 600ppm ©l/doldd 21} Sand Filtering ¥ 450 ppm
a]3lE, Micro FilteringF Turbidity = 225 ppme|3lE Yo} Hr}
Autgo s FZWolE Ao ofd U AFL] =F& HAF A7]7] st AHEA
H|(Las-Na)o-& =gF=ol H#7Igch olejdt ARBE 72 S48 A7A517] #std=
SF, MFto. 2= @33 AAY 4 ¢1e2 2 Ultra Filtrationg AH8-3tc}. ety =
HolME A7 doAEzZ FHEQ Hollow type ¢ BUS-2000( 2¥EE=2F & 10000 )
283t Ultra Filtering & ¥¥stgich. 2 A3 A4 Turbidity= 2 ppm ©)5tE

o, AREALAE 80 % ol AA Hdch

NCofle a

2) A2l E W42 ROCHEM RORO-1010 213t ¥ 45 A ¥
A2 A7l AR5t 2] Helo wlel Spiral Wound, Hollow Fiber, Tubular, 3

Disc Tube 7} #®zf sidso} AMEXEL QoW X2 S ulgl d4F71719] F

75 43" 4 ol & A2 ikl 2ol E H2l4i= Conductivity 7} 7,000
8000 us 2.2 HFol oo} F-3-E4 o]l w7l ufFel =tel Foulingol
sz, ulZA AR )7t T3t Disc Tube Type?! ROCHEMA 718 41=95}gint.

ROCHEM RORO-101% o]-&3le] AwlE 24 A7t F2} AP Az}, x7)9) F3%

= F7BIc7t 2 A7 ol R 9 A AR = AGEHA TSt AYS Hdow,
10 A7t o] Foll= ¢t 3} Alefof o|EZTzl 21 AZE o] F of vhA] ZA3prt. FFo
22 AAZE 279 95 % F Uehfadert Al zte] Aol wiel Hap Zh4ste] 10 A
7t Folls 84 % 9] AALSE R4en, O F o 1{171-%{— Z kst B 90 % FE
AZo] AAES & = AUdch #HA olddol 2o A & Hﬂ%‘aiol B % Axold
o, 3E3} ofglo] ¥FH B4t (Retentate)F2] IF == 3676 ppm , ot =
EX 2134ppm °olglon ol F4&2 937 % olgirh IhA EIF AELY BE
+ 44 ppm ©olat olde] HXE= 9.7ppm 2= o] T ES’—}—‘T—(penneate)% MAAes =i
AHE8t7] st H4bR Z17lell 1At Ae] Eohwl 23 F2 33 ATzt Hedhs o
4 9lodrt. whaba 1 & M@ T W SFH5F 23 ® 3 A qAEAE T 4
Z T2 Table 1ol LR giT)

!

ol



Table 1. Results of RO according to the numbers of RO treatment (unitppm)

No of RO treatment 1st RO Znd RO 3rd RO

Retentate C_r 367.6 996.4 ﬁmﬁ,ﬁ?)?
n 2134 489.9 3,412

Permeate Cr 4.4 0.8 0.15
Zn 9.7 46 1.2

Table 1004 Xi= viel o] 23 A4ibe A 2l&F 3 FH5 ZAEFET UWHIHASE
=9l 0.5ppm Bt &7 wfZe] 3 2} A7} Basirnl 2x A B = 2H
o Ao 2= AMETHES o = YTk

22} o4t AT FEE 3 A AR F 5HTY AFFEL 6527ppml R BFH
olzbi= 65 °]el, oldds %l 3412 ppmlE &A= 7.0 & ¥odr)

32 A 2§ w48 AHelE= Ferite WHS-& 388121t} Ferrite Process®t £9=2]
F240) 5L A 2 H o] 2} Y-S AlHA Ferrite ($PET AA3E)F st TH & Us)
m, o] ¥b-Z] FHARAL & AAEo] s olu] wWEHH} gle] o] F B} 33
Hel§ wEHrE2A Ferite®t-$& A1 vl B3l Zn-Ferrite =82 4.7 g/l o|gl.eH
olg &Yoo FuE ANE ol&dle FelFR, -dde] F RBUF ol wE
46 ppm &2 th¥-2 FeriteE o F%eu}, 2F4 %t 3426ppm ©l2th mlela o]
£ ARMo|E =324 AEFE(2300 ppm) BTl ol REFRXEL] A FYo| e
d 4 2ot

1. 4E
AFEF ol F7HEEY ofldz A7 sl 52 =333 AFsR
ZAHE & = gl= & Closed Systeme® AMEH I Ferrite ProcessS Z§1% Hybrid
Processg ZAUst7] 213 Z|2Ad 2 AU 258 22vole A AH-RE 833
A JE)E H SRR v okt 22 ARE 4ok
1) FT-307-& AH&-sted HAbF Cell 48S B uf, otddnp AF2 &9 pH7t 7 -
8 duf 713 AA(EF)rE0] 7H YI 3]
2) ROCHEM RORO-101 RE®2] Disc type?l HHF7171E 218435t TEHOIE A
AwleE 121X 2] A7, oted2 Ho A A&l 94, DFL 96 % olAte]d 2xpA 7]
E 3 Rt =E2F8Y AFFE ALgo] et ZFel 08, ofdol 46ppm
o] sto] ATt
3) 33 HFHl Ferrite® 23l Zn-ferriteS 4.7kg/tA e, Zn-ferriteS MO
g FAF TFHEE 3426ppmoE EF Rl ARl THeEE & 5 ol
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Reduction of AgCl to Ag by Na:CQOs

" Korea Institute of Geology, Mining and Materials.
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22 #7s Hr[EERH 28 E5dls JiE Yo 3FHE 28 HMeE 8
AlZl ® 2 0|28t AgCIZE MEFHoR FHa|, HEs HAUME AEsio| 28 d= 4
o|Ct. AgClE 222 A7 YEoe T8Y oM TAIIAE FUSIAHL =
=g 52 wIREM E= Fel) 52 =H028 YAEAM Iz &SAlwn
Na:CO; S0ff 25t ZiAMEgez = 5 Uck 2 HP0M= vlaX JZEo| st
Na:COE AIBSH ZIAHoR XalAl EiSAZ) BIE2T J2(T 718 Na.C0s & 0|
AgCle| EH=o O|X[= HEHl| cisiod SAEEe 7[Y(CtanEsiEs 3l vsgd
2M)E AHEstH HESICL

2. Als{uhy

E oM FZ2 AFRE AGCI2 #£=T 99.9% 0fAle] Al9fZ0l|%ion HnAYHE &
5101 AMEl2 MX|o| EESAHOZ 5 AgCIE YE AMRSIHC

AHEHHE MY AgCl 2002 LATF| Na.CO:et 23| 40 & o2 Muffled M
Z|2o|M UXRTAHAM UHAZE H{AE dHElQdct o] HIAMES SRTE £8235] MF
5to] MMEQ! NaClE 28 3| HZH{E OIS HNO | BEISAIH AgES) HSE =AlEH

Na:COJ/AgCI2| 2EIE&iH|7}t 208 29 HS=T Hst 02 2 #HA&82 18 |
Tt 2ot J8lojAM 2 oielzo] MS2E0t 550 TUME HISAIZIS RN Sl
B2 BHEO| 87% 0[5t 20, 600THA 6022 HHEM 2 E2S0| 96.3%, W02t
USAIE %66%E FH LERKCE HHHO[ 650ToHME 3022 BHSA| 925%2 X7|0
HAER UL 07 BISEI0iT 95%E 600THAM LISYSUHECE S0 G
RCh O o|RE 650THAM ZAIZH HIBAIME NapCOsZt Y& melting=l?| mi2ojct. I
g o] JEHeRRE USRIl A2 ME YSUSERHS ¢ £ Yok 0|50 2
280 0|R= HES SAS (Statistical Analysis System) ZTEIHES 0|R510] CIEClS
7 2HHE F51H olet 2 4S8 & 5 AUch (T: T, t: min)
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+1.15{ L0 ) (4580 —.7( L5800 ) (L300 )

Reduction of Ag (%) = 4(—60g)+4.83(—t:®-)—5.95(w) —4. 63(t 60)

ojmj HOZT HFYATLUS 099952M 4 (1)o| ofF THE=E 5 UCH
2 FE 8 S1M2 J8 29 zch
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L}, Na.CO; 2e| st

HISAIZIE 022 FetH s YH2TOM NaCOJAQCI2] YE BEIAIF[H
A AEE Zos O3 3 2ol BIS2F71 550C oSt m= Na COJAgCe| HIE =
H sz 2 SRE0| 90% 0|52 XN=3IHan, 600T o|AME NaCO/AgCI2] H
7} 20 o[Atglol 2 #RE0| 95% ojAMez LIEIICE Na;COJAgCIe] BIE O ol4F &2
sl ESE 2 Y8 0|XX FUdh

Na,CO4AgCIe| H|2} HIS2TIHHSAIZIE 1AIZhH S HHelg0 0jxjs Y&
Ziet O E MM S A51H 4 (2)9F ZCh (T @ T, R NaCOyAgCI2] SHEk|)

_ 00 12 R
Reduction of Ag (%) = 11.41(—15—(-)(5()—0)+29.81(R—2.0)—14 71(%) _3L.77(R—2.0)

~2.91 =80 )(R 2.0)— szs(T 5“0)(12—2.0)2 ~(@)

+1.21(- L0 ) (R—2.0)+10. 77(Mﬁ)2(}e—2.0)2

Y HEATUS 098650/ 4 Q= FH & 3R OEET, NaCOJ/AgCI2|
H|, @xt22 #EE)E a8 49 2o

2 ATF0AME NaCOE #X=Z ALESI0] AgCla AR EASAl BHEA[Z,
S22 J8|1 NaCO; 0| AgCle| &80 Olxj= F&ol| tistol SAH A 7S
Algstel O AFZHE sl sided PBHSAIZE (AZL 2% 00T 8|l
NaCOs/AgCIe| THatulz} 20 & mf 96% O|&te| B8 8 £ Uk
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2.1 4 ®
2 dFo AHEH AEE AFHAR WEFAHA ARS-H VRDSH FHulE A Table leof I &3
£ Liehigch
Table 1. Chemical Composition of VRDS Spent Catalyst(wt%)

Component v Mo Ni Fe S C Al

Composition| 18.6 1.3 4.74 0.88 14.1 5.0 25.4

224 ¥
VRDSH| Fuff Fof Exfst= V. MoE FE3I7918] Lrhiljay £3E FHE AHEsHA
ch AThl4E H3A Nal0:E AHE-3H2SL Tufef whg4l2 rd,
VgUs(S) + NazC03(£) = 2NaV03(S) + CDz(g) ...(1)
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MoOs(s) + Nagl0a{2) = NaMoQu(s) + CO:x(g) A
FHEF U T (@34 ol WCLH 2831l Mo, AAOE HEARD g a4
3t J ol CaCly & H7151e] BAF2 Mo A (4)2] 9tgeol &3l CaMel, FFOR

31—“%8}911:}.
Na® + V03 + NH 1l = NHV03 + Na“ + CI° ... {3)
INa' + MoO, + CaCl, = CaMoO, + 2Na' + 2CI° ... (4)
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Thermal Behavior of GaAs Scrap by Thermogravimetry
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OI-vE 3gE A o3l 7[el=2= 2] GaAse zl%zv}zu ELASE PO
| de] AREEIRSL ol Sizp H|ZBte] of'] FpH| weldh Il AxpAed SHES
Vel 22 A=}7]7], Computer's 2] 2453 U 4335 S F E}C% - e =
Z% A0 Zcidc) uwietq AA A e 2kl Gadl S5 HEE
GaAs waferd] w243 Aat @ 7p2 Alof] WAlSt= GaAs Scrap®Z2FEH Ga, As?
¥ o] J‘-_WJ A LS s R3E T 2lth GaAs wafer? Scrapg E| ol HEEH|
HzZFAEL] o8 vl wAdshs 2L ¢ 2flo| 22 o|ZHE Ga, AsY &
o] ?’_EL 7172 =12 Recycling ZH A oighs] F8.3 ou]E xuv]a 2ok
A5 B Ase] 213t BRA LY WA ZSHAE GaAs Scrapl=FE Ga, -
As?] B F4k "delet ¥ 4 Qrh E dAPefde AF EB78H2~25%107
mmHg)el A GaZt As AZE7] F71¢ AE ol & A 2FE Fol FE
thermo-electrobalanceS ©1-&, GaAsw 2] FUAEE AT AESIY GaAs Scrapl =
e Ga, As?] £ E£E 913 I2xERA FHESI2A] st

2. A3y
AbE-# A B2 Czochralski Process® 84 b33 GaAs Ingot, ©HAA FHZ4] #
F8tA == Ga rich metal, Wafer Slicing®t¢g] @ 7Bl AE H24] Y GaAs
wafer scraps< A% Z§ste] Jaw Crusher?} Roll Crusher® IF3gt 3= Pulverizer®
wHstg o, QdEx2 ¥ AEA A4E HLFHSIA] ste] 70~325 meshd] A
(Sieve)E o]-&3ted +70, -70/+200, -200/+325 ¥ -325 mesh?] YEEE 2tZF £33 F
A1-8-3stg et
E* A AL 2207 StellM Ga, Ase] Filel ulE AR F FEHEE A3
22 R A @*’—":’-;5] o2 ZA517] 28te] thermo-electrobalance (CAHN 1000,
USA)S ARE-steich AEWHE HA 03 md %29 AFu} =R =6 mm )0 &
Aeke] ARE FHY3 -"rf-, HAHA 2] hasketol] Wol 2~25x107 mmiig?] #-Fo] F3
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o] 2% ol Fibol whE F7EATE dojul 65T FEelH AT Fut
A5 B4t
g AF FrofA L EE= GaAs ScraplZHE Gag & Hpstey spa

238t zfe|rt. 53] L000T oldte] &Y Aol Gads HYEZVE Gazt
As7} 285lR] Bt TR GaAse] HPEFHENEA FUshy, 1,000T o]42] &%
A= Ga, As7te] F-RA o] @l Zh7t FslHoz A ofxtrte] F71eh xfoff 2]
slo] Gag 2el B45% 4 vk

GaAs EUZHE GaAsHIUE Felze] Fode] ot ARy BAEFYA = 825~
905T e 2xUsglolA 123 keal/molelgloh EIF 1000~1069TC EH M As
of vjst AN 7] YAz oA 56 keal/molel e, Gaell vzt B HA stely
2= 495 keal/mol olHdrh.

5 FaTd

1) Davied R. Lide, “CRS Handbook of Chemistry and Physics”, 72nd Edition {1991~

2)
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Fig.l TG (a) and DTG (b) curves as a function of temperature for Ga
and GaAs by the fractional distillation under the pressure of 2
~2.5X107 mmHg.
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The Speciality of Fluid Incinerator

Jeong-Taik Woo

Executive Vice President of
‘Jin Young World Trading Co. Ltd., Seoul Korea

TRE FLUID BED FURNACE IS5 A CYLINDRICAL REFRACIORY-LINED SHELL WITH GRID STRUCTURE
(EITHER A REFRACTORY ARCH OR AN ALLOY STEEL PLATE) ON ITS BOTTOM SURFACE TO SUPPORT A SAND
BED,

ALK LS INTROUUCKLY AT THE FLUIDIZING AIR INLET AT PRESSURES IN THE RANGE OF 3.5
to 3 LB/IN' GAUGE, THE AIR PASSES THROUGH OPENINGS(TUYERES)IN TRE GRID SUPPORTING THE SAND
AND GEMERATES A HIGH DEGREE OF TURBULENCE WITHIN THE SAND BED, THE SAND UNDULATES AND HAZ
THE APPERANCE OF A FLUID IN MOTION,

AIR CAN BE INTRODUCED COLD OR, AS IS USUALLY THE CASE, PREHEATED BY THE EXITING
FLUE GAS. THE SAND BED 1S NORMALLY MAINTAINED AT APFROXIMATELY 1300 to 1400'v . IT EXPANDS
30 to &0 PERCENT IN VOLUME WHEN FLUIDIZED COMPARED TO THE UNFLUIDIZED CONDITION,

SLUDGE CAKE IS NORMALLY [INTRODUCED WITHIN OR JUST ABOVE THE FLUID BED.
FLUIDI-ZATION PROVIDES MAXIMUM CONTACT OF AIR WITH THE OSLUDGE CAKE SURFACE FOR OPTIMUM
BURNIRG. THE DRYING PROCESS IS PRACTICALLY INSTANTANEQUS, MOISTURE FLASHES INTO STEAM UPON
CNTERING THE HOT BED,

THE FURNACE ITSELF 15 AN EXTREMELY GIMPLE PIECE OF EQUIFMENT WITH FEW MOVING
PARTS. THE FLUID BED FURNACE HAS ONE MAJOR ITEM OF AIR-MOVING EQUIFMENT, THE FORCED-DRAFI
FAN (OR FLUIDIZING AIR BLOWER). THE FAN IS SIZED TO MOVE FLUE GAS THROUGH THE GAS
SCRUBBING SYSTEMS WHICH NECESSITATES THAT THE REACTOR BE PRES-SURIZED AND THAT IT BE
AIRTIGHT, TO PREVENT LEAKAGE OF FLUE GAS.

THE LARGE AMOUNT OF SAND WITHIN THE FURNACE IS A HEAT SINK WITCH PROVIDES A
SIGNIFICANT THERMAL INERTIA WITHIN THE SYSTEM. THIS ALLOWS THE FURNACE TO BE SHUT DOWN
VITH MINIML HEAT LOSS. IT IS A RELATIVELY TIGHT SYSTEM, ANMD THE SAND WILL RETAIN HEAT,
E.G., TO ALLOW QUICK START-UF AFTER AN OVERNIGHT SHUTDOWN. A WEEKEND SHUTDOWH WILL REQUIRE
ONLY 2 or 3h OF HEATING. THE 3AND BED TEMPERATURE SHOULD AE AT LEAST 1200°F BEFQRE SLUDGE
15 INTRODUCED.
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Separation of valuble metals from Incineraiion Ashes

Dept. Chem, Tech, , Chang~Won National Univ,
Jong-Hwa Kim" , Eiichi Kunugita
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