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ABSTRACT

In order o produce raw material powder of advanced magnetic material by spray roasting process. newly modified spray
roastmg syslem was developed in this work. In this spray roasting syslem, raw material solution was effectively atomized and
sprayed wnto the reaction furnace. Also, uniform temperature distribution inside 1eaction wnace made thermal decomposition
process [ully completed, and prodoced powder was effectively collected m cyclone and bag (iher, This system equipped with
apparatus which can purify hazard produced gas, [n this study complex acid solution was prepared by dissolution ol mill scale
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and [erro-Mn into the acid solulion, and the pH of this complex acid solution was controlled about 1o 4 Tt was conformexd that
null scale and ferro-Mn contaming a lol of impurities such as SiO;, P and Al could be used as raw malerial by reducing the
impunties conlenl of complex acid solution below 20 ppm. Complex oxide powder of Fe-Mn system was produced by spraying

purtlied complex acid solution into the spray roaster through nozzle. and the variations of produced powider chatacters were stud-
ied by changing the reaction conditions such as reaction temperature, the injection velocity of sclution and air, nozzle tip size
and concentration of solution, The morphology of produced powder had sphericai shape under the most experimental conditions,

and the composidon and the patticle size distribution were almost uniform, which tells the excellence of this spray roasting sys-
tem. The grain size of most produced powder was below 100 nm. From the above results, it will be possible to produce ultra
lne oxide powder [rom the chlornde of Fe, Mn. Ni. Cu and rare earth by using this spray roasting system, and alsc to produce

ultra fine purc metal powder by changing reaction atmosphere.

Key words: Spray roasting process, complex acid solution, compiex oxide powder, reaction conditions, parlicle size distribulion

.M B

Qo AAze) YEEDE AEas Phe
A A AN Y R BRdRa R
om 72 9 5 g e A9 2 e A
= £ ﬁrawi el AR A

Azl e o &
o mE zl—ze!ol ﬂl RERER 2
g gl o] A r«—nm% EHEERS
ed AL ale BE SN

& |
:
1

=
Y=ot A elilse] TS
A= W, 4AEE AEPUe) URE SusE 3y
ol7] MRl 4R HBL AzH) A DA
#go) sxlslelor S FUSe) U 2| Te
soi, THE Wl W]s) 3] 29T By ohly
Aeg BA 5o Ade] 547 AR Asshne

58307 o

apiE o 1

AdE T4 HEES A A
C)

’b”i]-*]?]% -E'_ 25l A (spray roasting method)?| &3}

7HE Zo= dEH U of WhER 2 Whggel
= 2 AEE Y BEEY] B8 skl ¢
g Rk G oolg] Eale B 22 A=Y IHEs
A & olg B ooluet GRS 22190 o At
42 A7t Flesial B 92 sRegol vt
= e AdE FR R ik =3 ) 2
= %Cﬂ/\c]ﬂl‘)ﬂ’\] 2 EaE AA 29 golsEg 5
= 9ETEE Awsler) A% 34 oelvk
v’i’#‘i—cﬁﬂ‘ﬂ“ﬂ ofsl YdE Edee] YERE, FH,

3 SHe = el 25 A%
22 F2 F?—ﬂ‘ﬂ, nozzles] Z7] 3 HH,
AR gl 24, DB % 7)) FEEE Fol o
: ) BT
9|5t Mn-ferrite SEEY 59| SitalEEwe] A=
¢ 72 2ol TOK BN ool o0

Wolr s ZRAE, §RA7 SolM ERujae]
5]] ﬂ-ﬁj—? 7} A@A}.aj— 1A _I_Jr_a' }\].qu_cﬂo]] o)sl glapu

Az AFE Ao} 53] Audd Yo Exahs
SiCy B, AL Ca ¥ Na 59 2 AA7led oigh
A A} o oG Wk opg), BFulde
A gaide] Ao e Al At A5

Qg i AAR AT Ao 2R dAelrh &

|
o,

rLr

3 EPANE FAN FE g P BRIRs)
S i3t whame] A AY AF7%0) o] ol
A D25, °l°ﬂ o ﬁ%‘ﬂﬁl Bl e oo

EH AdAse] Axes
AT P 4ele,

Exele EoeES THE B o =
of °F 20 ppm °ISHE AASN= A9 FH=AL &
Hatx, Padue] FTR], w2, v, e
A3 (cyclone 2 bag filter) 2 AB47F2e] S8R
Tw Xl AAEE EFAE systomE s,
olE HIEEE HheR el 2EAY B E3Y],
nozzle] Hel ® =7], Eojg] Bala & Falbw @

]

ok

A

il

Ao GYSE ¥ BIE ) 59 weAE W
of e AN $UE] By wRS ANHE B}

AepdelEs A o A 4%, 2000



18 WA - R - el -
B} 4l BrERA WA dssY 2 %
ol it

2. HEER o Ul

2.1. Fe2l Mn& Blfcls SERIEYL] M=
BT M= 20~25 HCL B<e] Ha= F-ge
Sl Fedl MnE2 &23)A1F Y 2s)] Bk
& Azsidny AHEE Fe ¥ Mngl fE= 99.9% &
29 Fe chip ¥ Mn powder®} Si0,, Ca ™ P 59
BEeEEL Ul 458 95 mill seale %! ferro-
Munol2e}. Axsls B3 gl sy EalEee
TREE Fshe JREE WolAe] ERuald A
A Furd 2 QI wERe] 2roE o o) w2
A g B4 HElE WA B A7
A Ae Bk Hale] w2 EFualhe] &g
A o] SHEE wekslr] fEkd Fes) Mn#] OF
Al A8 EA HOl B g] s 2gslsdo).

ID

.
) v

rie M
e
IR .|
t“
Q|

3!

7l

o
o}

2.2, €EEY LHHA2] ExEXH
FellMe B shgols] pgE xR =231 E
2 2 PkEs A3A ]71 oZH & E‘,_%_Oﬂ 1,].]0]] 228}
= S0, P 2 Al B2 Bews AREELS AASD.
HAlE f389e [CpE 2dsle] z ARE FE
Z5h o, ICP 248 wie® pH 23 9
g%cvﬂ 0] 7-)&-]—:]_ 71-1;;1 F&Q]“ Mn—— z—]y}-ﬁ]-g_f:»sﬂ ;r.]
AZENE AZsSet ¥4 Ca ¥ Na 482 F
el o] A AlAER] 2] wiEel] AAE 5
P%f&lgl ERuldel] gls] A PR EE TAAD
o 2] o5 AEE 20 ppm ©)SIE ZHFSILH, o
»\ﬂ e ol wAE Bdo] SAldls ¢ HEE

AAG 4 )

B o)
e

bl

o O}L HG rulm
&

2 e

2.3, BEHi4 system 2| MA % HE

B dApdaes 899 fEaE $8 £1E ta-
nivm FHZ 9 nozzled 11] A5t H o, mﬁ]’ A =g
nozzleel &) wEsE U ENS FFuAATLR
¥ 28 FAIEA S H’EI“-H' Fr|dETE 848
Z AAA2]7] e AAEE ERWAR systemE &
e I | =L e ey s e R e P s | e R ] o
2 gystemys 7120 TSN A=E ARAs 9
2= TR A48T, A 2 w09 5 &
2k, ®7AkA]2] cyclone F bag [lter £52 S7bA#

T ol Korean Inst Resources Recycling Vol. 9, No 4, 2000

or, g9 FYSEE o 5 Vmin7t 4 o=
A ke weEd SelNe BeEd 44 9 5
W77} FhsskAl sl ﬂ]’dﬂ HEEe 2 el
cegze guUsk 5] 9 =
zone type?] 5] FATLZEA ]1 1300°Cal).~]
=R 7F6]7 | slHen 2THAE £10°C o=
FdaRith, B dpelde BUTEEAAE cyclone)
bag filler® 37 ARSI S ¥Z2s Y= & 44
Bapo cyclone SH= O]Efﬂ FAY = whE eyt
AL BUEL A7 @7 bag filler WE #YF
ol Cyclone M2 A5EHoE valveE AT T 5]
= systemZ AR cyclone SHFZ WElE A4
=] G5 FH5rE 7HeeiAl 8T Cyclone®]
A2 A7 35 om, 2o 100 emo]9e™, bag filter
= R F27t 400 e)slon zizhel 227|744
15.5 cm, Aol 60 cm$! 6712] bagl -HA52c)
Cyclones} bag filters 343! 1-1C1 H] 23k Al 7]
el B Fu|gEy ZE scrubber V|35 EalsiA]
Ty okl BEzrl 7158 284 W] nozzleS A
Bl B2 BFA71A Eh:l ole] w} R4 HCl
MH LoEgz Ho] E@Rdl g7 scrubber
Hof| #A3 bath HE YT} Scrubber= slamless
steel2 A= E|lerv], Z7= 440 35 om, 0|7}
170 em@2A] &5 7Fed G2 A 9 Al 300 /
o]¢lrt. Bahel Y& HCl &9 o vHETEL
NaOH 724 2ol 28] FaA)7] & &Sty

2.4. MEE B2l
Qo M= Y SHmI}

Hdaaae] A4z 234898 nozrled Fald &
A2 N2 SFAIZHL 2 cyclone B bag filter
olx] Mn-ferrite & EF4HEE £ A=xE9, €
28499 5§ ey AR EEE Tl 2-500
cofming] F-E59 2 pozzled FE YTE Ed| TH

S, air compressor® R E dEEH TFE 0.1-3 ke

siEE =

systems S8t

om®®] Yo' nozzled] 2 F Y2 FYste] £
ds mPoalows 9589 flEE B F7)
¥ 5 e weEa] sl ne 49D 9

#E Aolsink Ed B dpelAE nozzled 2E)
rlsle]l dg gl w-SEE 700, 800, 900, 1000
g2o100ecell e dEelAFeh R 1T W 7
T HE dREde fdo] mE Ho]E BiizlE
ol#le] A dalE g Wy dElsEe] AdE & 9]



WEsEkEERS] 18] ket bl kB Hitl vlAle ERETES WP 19

g ol5 wEdle WeewZ Ay el
=, A €289 g ) g, dEgadg)
FE Y nozzle tip size 59| vhExz] sl ul=
AETES] 54 HEle TEM 2 SEMAAAEE
7 @Y= B e 52 wsh, XRD B
HEAHE 229 4 3 24 ) 2 wjEH

ot S, Cyclone ¥ bag [iltersf|A]
A AR g g BEEsed, B9 ¥
e %é:—ﬂcﬁ S HCl € Ca® Na 52 B¢E

71 Asle] YGREE 38 st

o

3.1. EFEENE e HEEYe| Hzx A B8

Fel] 91852 999% == uj4e Fe
2 O 5T 90 mill scales
A&l e, Mn-cl] UE2= 6090% 5o Mn BT
2 BeES tle 35T 3l fero-Mre AlLalg)
o} §4 Fe chip ¥ Mn £9L 952 A&8 34
o Az=d B g3 SR o5 4R 2as
of ek BE B4 HAE Table 1 ) vErfZch
W mill scale 2 ferro-Mns YE®E AMRE= A
Fole 4 elEE AAEY BEEY deke] A=)
/‘5] ZH_,:_‘)% 1 o:rJ_r]t 7{}& D]ﬁ'}i ;‘rjl-)»,\]-;q{-_ _‘EZJ_D_
daatein). duaes g E EhEEY &
A3 AAE oH7) WYY sl 2] Hes
mill scale % ferroMn2 25% HCl &0 &a14]71
o] &4 NH,OH 292 HA7lsld L899
pHE 4452 ZETo =4 F3gd o8 EeEs
2 g Elae] g e B rleoE 20
ppm 2157 F S dfelon T ZIE Tablez o
ERAZch o] Azl 251 S§i0.. P 2 Al FHERS 20
ppm °J5kE AAEYES UehiT 9o, o] Ade
g2l pH FHo] Al 8i D pe AACE o &5
AYE Vel Bgch WE Na 2 Ca §2 pH

chip B ErEE

Table 1. The impunties contents of chlovide solutions and
preduced powder in case of using Fe chip and Mn

powder as source materials {untt : ppm)
510, P Al Ca Na
Source solution 10 5 0 0 5
Produced powder 15 10 0 a 10

Table 2. The impurities contenls of raw material sclution
and preduced powder in casc of using mill scale
and lerro-Mn as scurce materials {unit : ppm)

Components

o S
Coprecipilation ime 0, P Al Ca Na

Belore pH contrel | 1650 | 255 540 | 1740 | 290

20 nun 15 10 0 1550 | 250
12 lis 10 10 0 1520 | 260
Washed powder 10 5 a o L5

REEs A3 A5pA pH 25 ° 6H)~1 z2a
o2 AT + F&E HEllE ek VAR Ca
4 Na & 29] 2 Sa57] gEe] £ ATNE
Fufae] 23] HARE 2R AR 2l olE
FHS oF 20 ppm olFkE AL = gler o
IS Table2 o 3 Vehfigich, dukgos Fe
8 oA pH 2.5 oj4delld Fe(OH),2] IAES
et =9, o] AAgola YAEE Yo E
@ U2 §i0, P E Al AdEge] FF 9
el o5 Fe(OH),#l A4 §4 F3€s #at
veh A #8929 pH z";'] F 20% 4 stirring
T AT on] EeEEe] S 20 ppm ©lFE T
alslon, olfols fAlAlle *hﬂulol TresEd ¥
FE Aol WskEA] g2 s 4 5 udth o] Akle
S el Edlsls BeEEe] FAQMe) vz
EA =S g e L}EI*LHJ_ drt. ol Azl £
Tl B 23 AR UF 2 mill scale 2 ferro-
Mn 55 AHEd ARol= 2 eipels] EE B
AADAA 2jF] 0|5 BeEE Suke] A7 we
em 7hady] Mol §99 ARE 243 Fesh
Mng AH6E 499 BEE U3l A Ael7h e
2 4 4 glgit) o] Axe Y Agag] @R
e 87 AME e Ao Ao

&
2‘:]_
@]

ﬂ
o->‘ n‘.]o[

3.2, 2RHAE system ] 2[EF SEHAEE Eato|

FA| nozzlec]] 28] FA4El= A5
HaUES vhie] 2o 2la) Jepd 5 gk

045100 QL3S
x=58522 4+ 579( K j QL (1)
Yo WPy Q
o714 w2 HaYd, o THAEY, p2 EU%, v

Auelgd A 0 A 4%, 2000



Tad
(=]

o FAET pE Ak, F
7% vhepdc, wEke 718 %‘-"49] Hase A
g F2 58 S s %
aehs W9, FRlE
7}°ﬂ EPE?H
A3
o eqzqﬁgu{jf £rE E589L dEIS) o5
2g AskE £ = Fe,0,9) Mnjo l
MoFe.O (Mn-ferrite) B2 E3Eo 2
g AEkE RuEs HdeH =9, cyclone] bag
filters] Al ZHEHEE s Q" EdE w4
cyclone2 EHEPAA g ofa] Alwd Y} 2
UAE SR HeiE]e] ZREM, cyclone sHF A
ik valveS FAsle] Mo A Bole| o g B
B3] ThEEe S AT
g o ulAgl EEES bhag filkerZ olF8 HY
oluf hEEL BREL reflon AEE] 6712 pagdll &
57 ABAZIAT scrubber® o] %514 Hth SEE

1
rrLr iﬁ?

)
s
ju
o
=
%k
0 i
=
T
foe
3
S
,ﬂo
off
g'L
&
=
o

{

S cyclones 4

[ e -

gelalr] gale] whgEe] 252 700, 900 2 1I00CE

w58 AsPAIFECL ol
cyclonee] EF=E= 22e] ¥4L SEMS 0|85
50002 Eyjslel Al AFEE Fig Lo, TEME <
Fale] 20t Hrjale AF9 F9E Fig2 ve
3Tk Fig 1l 25k wltame] A Re] cvelone
A EREE gREe] BOES EE1 wEel 3
kgfem®% vl9- #}El7] o Bl BEe] SHue] dle
dZEee] 27|71 1-15 um AEE eI dgie
w, 9 bag filterd]d FHEE 2952 gsd 4
7 Fof|A] cyclonetl A ZH A BFE TS vAE
A5e] Feizt el 919.eM cyclones] 754} vl
A= dh-esd HFEY I/ E2 A
92S 4 lgeh o] AREE A 1plM vER bt

M
z
ﬁtvL

0_. mlr
o

20 pem

Fig. 1. SEM photographs of (he shapes and sizc distributions of solidified droplets obtained from cyclone or bag filter with
roasting temperature at 3 kg,"cm2 air pressure, 2 mum nozzle tip size and 60 mlimm. inlet speed of soluon. (a) Cyclone,
F00°C (b} Bag filter, 700°C, (c) Cyclone, 900°C (d) Bag filter. 900°C, (¢) Cyclone, 1100°C () Bag filter, 1100°C
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Fig. 2. TEM photographs of roasted powder oblained from cyclone or bag filter with 1oasting tempezature al 3 kgfem® air
pressure, 2 mm nozzle tip size and 60 ml/min. inlel speed of solunon (a) Cyclane, 700°C (b) Bag filler, 700°C, (c)
Cyclone, 900°C (d) Bag filter, 900°C, () Cyclone, 1100°C, (f) Bag filter, 1100°C
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Fig. 4. TEM photographs of roasted powder oblained [rom
cyclone or bag filler wath air pressure at 900°C
roasling lemperature, 2 mm nozzle tip size and 60
mb/mun. inlet speed of sclution. (a) 0.1 kgj’cmz, {b}
0.6 kzfem?, () 1 kg/em?, (d) 3 kgfom®

Table 4. Variation of specilic surface arca of roasted powder
obtained from cyclone with air pressure at 900°C
roasting lemperature, 2 mm nozzle lip size and 60
ml/min. inlel speed of solution
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Tig. 6. TEM photographs of roasied powder chtained [rom cyclone with inlei speed of solution at 900°C roasting temperatuze.
3 ls:g/cm2 air pressure and 2mm nozzle tip size. (a) 2 ml/min., (b)7 mlmn., (c) 60 mlmn., (d) 140 ml/min ., (e} 280

ml/mun.. () 500 ml/mun.

Table 5. Vanation ol specific surface area of roasted powder
obtained from cyclone with inlet spead of solulion
at 900°C roasting temperature, 3 kglom® air pressure
and 2 mm nozzle up size

Fd FRsE

{mlmin.)

W EHEE (m'fg)

2 7 60 140 | 280 | 500

37 32 28 23 13 7
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Fig. 7. SEM photographs of the shapes and size disimbu-
tiems of sclidified droplets obtained from cyclone
wilh nozzle tip size a1 900°C roasting temperature, 3
kefem® aw pressure and 60 ml/min nlat speed of
solution. (a) 03 mm, (b) 1T mum, (¢} 2 mm, {d} 5 mm
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Fig. 8. TEM photographs of roasted powder obtaned from
cyclone with nozzle up size at 900°C roasting
temperature, 3 kgfem® air pressure and 60 mi/min.
inler spead of solution. () 0.3 mm, (b) 1 mm, ic} 2
mm, (d) 5 mmn

Table 6. Variation of specific surface area of roasted powder
oblained [rom cyclone with nozezle tip size at
900°C roasting temperature, 3 kgfem® air pressure
and 60 ml/min. inlel speed of sclution

Nozzle up size 03 1 5 4
{om) -
HERE iy | 27 27 23 23

Fig. 8 ¢ VERd TEM ARzle] ojahed ops] F7] ws}
o mE} Buglake] B4 2 29w A Helt
Uehta] Fkom, Teble6 o vheld HlEEEe] 23t
Mz A8 M3} §gie-e Ve ok o] AR
HFH o F AR BUED] ch]ohzb dho o ’%
do| §& A—‘Jr Ih ¥ wgals o=
9 =2ele e g 8 ¥ gt e
ATAAE Kato F102] 2 }94-5 2 9ixsky 9ok
2 ez slellx d4dE BEEd JHe oE e
=72) 758} 7o) thiFe) il e A
2o 2AYEIF 10~30 nme] A} Yd BEE
o2 AEE G T U

0 Azgle

L.Ec.]/-

wije] W

=] Htkel PRl

20 pum

Fig. 9. SEM photogrephs of (he shapss and size distribu-
tons of solidufied droplets obtained from cyclone
wilh solute concentration in HCI solution at 900°C
reasting lemperature, 3 kgient® air pressure, 2 mm
nozzle tp size and 60 ml/mun. inlet speed of
solution (a) 1500 ml HCI, (b) 1000 ml HCL, () 800
ml HCI, {d} 60C¢ ml HCl
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Fig. 10. TEM photographs of roasted powder obtained from
cyclone with solute concentration in HCI solution at
900°C Toasting femperature, 3 kgiom® au pressure, 2
mim nozzie tip size and 60 ml/min inlet speed of
solution. (&) 1,500 ml HCL, {b) 1,000 ml HC], (=} 300
ml HCI, (d 600 ml HCl

Table 7. Vanation of specific surface area of roasted pawder
cbtamed from cyclone with solute concentralion al
900°C roasting temperature. 3 kg/om® air pressure,
2 mm nozzle tip size and 60 ml/min nlet speed of
selution
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