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Abstract : The sulfation of the domestic titaniferous magnetite ore with ammonium sulfate was investigated
to find a cyclic process for the production of synthetic rutile and high purity iron oxide and to test the feasibility
of ammonium sulfate being an alternative sulfation agent. The proper sulfation conditions were determined
to be a temperature of 425 °C, 2.5 hours of reaction time, the weight ratio of ammonium sulfate to titaniferous
magnetite . 11, and particle size of titaniferous magnetite | —250 mesh. 90.4 % of TiO,.and 85.3 % of iron were
extracted from the titaniferous magnetite sulfated under these conditions by the water leaching. From the

leachate TiO; of 93.8 % purity as a mixture of rutile and anatase and a-Fe,O; of 97.6 % purity were obtained.
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Table 1. Chemical analysis of the domestic titanife-
rous magnetite ore sample

Comp,| TiO; [Fe204 FeO |MnO} SiO; [MgO|V:0s | CaO |Cr203

% |20.88|51.58(20.66|0.45( 0.17 | 1.52 | 0.48 | 0.55 |0.024

Table 2. Sieve analysis of the domestic titaniferous
magnetite ore sample

mesh (140/170/170/200{200/270{270/325| —325| total

% 368 | 352 | 207 56 1.7 | 100
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Fig. 1. X-ray diffraction diagram of the domestic tita-
niferous magnetite ore sample.
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Fig. 2. X-ray diffraction diagrams of the sulfated tita-
niferous magnetite at various reaction tempe-

ratures.
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Fig. 4. X-ray diffraction diagrams of the sulfated tita-

niferous magnetite at various reaction times.
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90 min 7tAE (NH,),S0,7} F¥3] JZ&stn glony
A2t 2ol whEl (NH,) Fe(S0,), 2 FeSO; * Ti(SOW)»
A XMo] F718te] ¥E-3-AIZF 150~180 min Sl A 73
B2 3@ Mol YeEP o 210 min oA 0159 A
Aol ZHAEE B & AUtk o#F A dAAZ
oj¥o Mg FAYPH dxHE AR} B £
A& Zojtt.
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Fig. 5. Effect of (NH4),SO, weight ratio to the tita-

niferous magnetite on the sulfation of titanife-
rous magnetite.
(fixed sulfation conditions : sample ore=
1.0g: reaction temp.=425°C ; N, flow
rate =100 cm®/min ; particle size of ore . —
140 mesh)

gEREF 835 s vkgg e
(NH,):S0: 2] #3}Z 7 ammonium hydrogen sulfate
o] WAL LoldtAl stdo dh ofge HO7F &
AEA ZA kg RolnE W|F Lo} EE
F713ke) g2 ABEA £ AS & 4 Aok

4. 1. 3. #Eutms fAd(e] &

Fig. 5 (NHp,S0, 2] %ol Hstgel A 9%
ZApstaA ¥ % 425°C, N, gas #%F 100cm’
/min & ZA3}A FAHE 9004 120 744
A FIEA Z Az WE WS A8 AR A
o]}, Fig. 54 B ute} o] Fe A& & TiAE
F3] FAN 7} Zohgtel wa) wkg Aslgx 1o
FAE 110904 F A8 33 71F B2 Adgo]
yUepton 1 oo]de] FAN] 120 9ME 238 A
3hgo] Zadte A% e

ol213F A¥= alunite & 3HAk3lol i3k A7[26]
ANME B T dF22A o= (NHy S0,
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o} Frelgb LA F o] wh-g-of tigh 513k PP BAE
Rol ofgt B WAl AR olf2 e
Ue @4l

Z, capsule Yol AR F9 Fo] BolFo uz}
W35 9] Fo] FAYA (NH,).S0.9 &3 5 4
4382 ammonium hydrogen sulfate & 473 (¥F-3-2
10), (11PA ¥ =T NHy7t capsule BH2oZ2 Z
vl &5 A 25 €k 2 AT ukgo] HEFG Satst
-2-& FE 3= ammonium hydrogen sulfate & A3
AJo] fo|dtA] £3nz vgo Mg x FFS A
He Aol

ualA ol4e] d¥zdAE Y B APFA
SACIA (NH.).S0, 9 & FEld A Fe] FA -
g3 FANEA 1100] AT Aoz Atsd.

4.1. 4. N gas 7% 9

Fig. 6 & carrier gas ¢! N; gas - %o] 8- A3} &)
v G XA Aol Fig 6 o YERG uke}
ol Fe A 2 Ti A& T3] N, gas 9 f%°] 50 cm®
/min 14 100 cm*/min 28 7190 wel wg9
Ashg 9 ¥hgo $571 FUtE A, ¥g2r ¢
(NH:S0, 9] Foll gk FFoNA AEF vie} Zo]
A WSAITE o] Fo = A HEkgo] FAhHE
FL Jehfidch a8y fFe] oS F7HE 200~
300 cm*/min o] ZZoAM= 238 1 A3}Lo] 100
cm’/min oA 9] FSHT @2 Hseg e B
ofeg} o] 27 sl e BAMY o8 AHA B
HAY QAT o] 9] AstE TA BT ol YdEREA]
sttt olel @ Anee UM AFF ukel o] (NH
25048} 23] 57+ E ammonium hydrogen sul-
fate o] Aol FEITAAFe] A& 2 1 A
ggo AFAQJA 9EgE F USE YeEhE Aol
th. (NH,);S0, ¢} #A] -3 ] 4] ammonium hydrogen
sulfate & 44 ¥4 (10), A, 12E e
2w o] ¥hg-of P2 MAEE NH; 7t A& AlALE
& 4+ ammonium hydrogen sulfate &} & o2
AP A e AHeld,

228yt (NH,)2S04 9l #31= ammonium hydrogen
sulfate o] 4o Eux g5 YA E ammonium
hydrogen sulfate = NH;, SO, H:0, N, O, 522
3l =

3(NH,):H(SO,),—

Conversion (1)

L L i I N e

0 W5 1.0 1.5 2.0 .5 3.0
Time (h)

Fig. 6. Effect of N; gas flow rate on the sulfation

of titaniferous magnetite. (fixed sulfation co-

nditions - sample ore=1.0 g ; reaction temp.

=425 °C 5 (NH,),S0,—to—ore weight ratio
=110 ; particle size of ore : —140 mesh)

5NH3 + 6502+ 12H20 + 2N2 .................. (29)
NHHSO;— NH3;+ SO0, +H,0+1/20; «ev--ene-ee (30)
o] S NH; 2 SO, ol vls) Jdid oz 4ol

2e HOE AAHEY 7l g o2 Hse
729 9ol E F Utk F, N, gas fF°] o=
AWl A+ ammonium hydrogen sulfate 84S
FasA Aoy AUAA B f3& A4Vt E
w7 e gtez wEdez A AAdE ammo-
nium hydrogen sulfate o] ¥3{& ZFAXI|A He=
Rolt}, olgig w77 (NH).S0,9 &3l& ot
L3} Zo] rag v7tY A&uk-E(irreversible reac-
tion in series) & ¥ & itt,
A—bB g P .5
Where, A 5 (NH),S0,
R} ammonium hydrogen sulfate,
(NH,);H(SO.), ¥ NHHSO,
S ; decomposition gases, NH;, SO,, H:O,
N: etc.
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o] A% FU BAREA RY HU TE=,

Cg, max _ (k_1)k2/(kz_k1)
Ca k2

2 3 FAAAHE R U7t HE AL (NHY)
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N; gas & FF2 AA7t2E wroz WEA7le 9
gg ang olg Hxo 9FE vIXA = o] am-
monium hydrogen sulfate 7} 7t & Zz14A
sgejgxp el ik} 7hg fold ek, 1y
o2 N, gas §%2 G AAME Np gas o] FF
50 cm¥/min & 73%-E} Z7HE 100 cm*/min ] B¢
2 §Fo]l 1A AA Fe BAZ B Fo| A
7FAE purge Al171A 2o} ammonium hydrogen sul-
fate & Aol Rt W AMslgo] FUHEUAG
22 - 2ko] 200~300 cm’/min 2 BolAE ¥H-EA
o] A7k wjlE &7 WHE A4 ammonium hyro-
gen sulfate & EAEE ($Z45 k)7F BepA vt
<A We] ammonium hydrogen sulfate FX7} So}
Ang AA AL Nygas 9 F#Fel 100 cm*/min
ol 791} wolxA "Heh. 18]y N, gas o #Fo]
200~300 cm*/min &} A$-= &3] A7t v A
#H7} & 7 5ol NHs, SO, gas &) #Wl& 7 o128 H,0 =
purge A1A HlFEE HO o & 7teEszt 42
& glon g ol2s AHAIZ olF9 A

& 74234 YeA gie Zlojth

uhEpA} o] o] &2 FH carrier gas 1 N gas
FEFe B AFAA 9 w3AdHE Fad wed
2 uEAqAME I F%FE 100 cm®/min &
st ol ARE oz AlRET
4. 1. 5. EEIEIXIEY 2zo| A

Fig. 72 dElextdde 9d=7t v dAstgol
X & G ZAH Aotk Fig 7 oA vebd nlo}
Zol ¥ AHE F3 FEAFE 4RI} FE
Astg e F7hs TiHESY Z9e 4=y FFo
e F& ¢ F AT AN FE S dgL
A|EYE7} 250/270 mesh B} ©] v Mg B --oi},
UM HEL T, (NH,):S50,9 % 2 Nygas % 5
AP Ao A TG 2 AP P2} vk

Zgsish, Al 2d A4 F, 1991

Conversion (1)

A " "
Q .5 1.9 1.5 2.9 2.5 3.9

Tine i)

Fig. 7. Effect of particle size of sample ore on the
sulfation of titaniferous magnetite.
(fixed sulfation conditions - sample ore=1.0
g 5 reaction temp.=425 °C ; (NH,)2S0; wt.
ratio=11.0 ;s N; flow rate=100 cm®/min)

oA ZAY TiAEe #Hatsl AdAglge dAY
Fe 9] A& R} ve g2 Jehydoh. 22 Al
el d o] A= 717E 250/270 mesh o HS-E
t} ol st A Ti A9 H3EE Fe 4&9
AggRtr A0 o] FEAFL YA}t FHolA4E
o5 HEge 1 Holw © AA HoJAH —-325
mesh & Z7]elME A 250 & V€ e
7% Fe AR H3}& 89.7% ol vjsld Ti A¥<
gL 963% 9 °lE F Ul

el F e YAt AL AE 1 g0l
Ti A¥9 73$7F Fe A8 & FriHe @42
el gtAE g FEXE A 7)AFc).

Z SEl ek Fof] glo] Ti AR o 0] TiO; 9
Hef g HALEE 9] 3}l FeO(wuestite)$d 1Al gk
Agzzor ZAFst ilmenite 2 FAEH 7180l
o]9] 2|3} 8tA #a7} &0 X ¥ W) FeO ol
v 7] BE-L FeOs(hematite) B e} 24 ilmenite &=
Bgd A gstEng,

adeg FEAEY Y=t +250 mesh o
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oM Y=ol wE —250 mesh o] “lMF Y x}el
%% ilmenite YA+ RATAZ QA3 Tio, o F4+
FEF Y AE5AHo] AXA Hug Tj L9
FAEaRE 34 FUHE Aoz Almgd.
g FEAHEY Jxe a3t Astgo] H)
WA Z FFE WAL Qo1 200/250 mesh o] A
1 AsHEo] Axg oy 250/270 mesh o] AS=
AE E3) 80% o139 HELS AL 4 g
et 2 AL gEe g ¢aRE E3
Ti 49 F&¢] EHsE= vojug FEA g9 ¢
= H2@ —250 mesh 2 dfojof & Aoz Alg

4

2

2 B33 W&o HE N, gas E carrier gas & A}
83t W32 inert 2712 817 golx dod
air F carrier gas 2 AM ¥ 4 Qlowma 7 slyge
HES) A8 N, 2 0,9 % 247 100 cm®/
min 2 3o} A8l-8-8 v @& e}, 71 27 iimenite 9
B4 (2719 mh7tA 2 N, 7158l Au O, 7153}
MU FHE E Hu g oz Al ko]
AU Aol NE 2 A7) ik, oy e
BHE FE B G35 wk gl Ao 2 Hh-g-of
Aol dFS vNA @e How Amu) u}a}A
¥ B8 WeoME N, gas 24 inert 9712
St 7 QloE e 272 carrier gas 2 AH&E
T A& ZolH ol TYAHow Mo zaw X<l

F

o}
ZULS M LE 425°CHEL A 25 h, FA4] 110,
AZYE —250 mesh 2 AAstQon °]% TiO, 9}
Fe 1t8t2o] Azdgo o] 20e Hesigry.

4. 2. Tiot Fe MEo| 22| 9 8tM rutile I} q-
Fe,0, 9] A%

S R FEEAE ) Hey Aoz
8 7hsde Rk yaage wy dojA
Ti® Fe $48902 28 of % qre ojws
ERHoz ROl & este) ve g,

AR ol TiR Fe 4%-9 229} Baisy =
B 849 pHE 2AFO 2N Fe Yo
ol FHE Ti HEe £a5E9 yy= =
2 £ e ye E]¥3 33 (ilmenite) o] 2 &3}

of ZAME #F Ut} ilmenite o] HE§ FR[25]9)
Aol 29 Ti—Fe—H0 Aol ASIRH(E) S 7t
ol W2t B27])= AR E=0 & 71Fo e st A4S
pH=12~pH=3.0 Alo]ofA] Fe A EL Fet o]
BHE Ti A8 #4889 ez g,
qEE &A% Fe¥' 2 BF Fe?t 2 §9A7) o
7tEstd Ti 4¥9 7t-EHE FE3d Ti 9 Fe
AE E27t 7bsA 9o aszg B A7 §
B2 ge) F 9o E ol2)d UL Hgdle A4
rutile ¥ HFNES A3} Y}

&9l Table & FHE|RALE B 9] ks 2 yz3)
e T3 LolF Ti € Fe FHLAL J& 243
Aolt},

Table 4. Concentration of components in leachate
Comp. Ti Fe Mg | Ca A Mn
mg/l 113.0 | 4435 85 31 22 31

12y o] AEAL 59 9 FigNow A2AzZ
7vstol pH kol 04 24 Ti 2 Fe Q&9 2io)
4% pHE 165 24 HAY Ao|}.

ol B+E A=t st AL TR AA A
Aot o7lMe] A& &N pH=040]|m2 o]
gl B3} whgo) A WASE NH, 2 F5A1A
pH & 15~172 zAs4ch.

183 H2ZEE o]43ld Fett B Fe' = #Y
Al

o
SEAM T FAE AHS 42 F AL
°] B4 ¥Hg7)1 7 ob A g s gl U @}
Mirnov(28]ell w29 o}-&-9] whgo] A=) Ro g

A gl
Ti4+ + 2OH> — Ti02+ —+ Hzo .................. (32)
TiO?** + 20H — TiO(OH)z .................. (33)

ol AAES AHAH ARAFA 900 °C oA 24
AL A3} TiO, ¥ 938% 9 AF rutile & A&
T AN 2L o) Ti £451E AAL Rajoy
AT Fe oA FolE Fe?* jon o] B 8450
Nenz o] sjdlo] Faksl FH A WA= 2a
7}~ NHs & 3719 374 982024 Fe(OH), &
o] FastE JAL A
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29 297]Z inert 9712 312 dart o
AL dad AFAAe Fis YAHEY
A& &£8AHR0] 75 Aolnz T F
Holw Aol & FAHol d + AUHh

2) 9443 24 2 g3 FAY vu Eq FF
Ao #4947 Yesin 1 HEew £ 750°
C o} 4Folojof grt, Tt Bshe] 73 okitol
olg A& Ao Beste}, 1t B T L 400
°C o) Wi A Ao AP ¥ opet FA}
2957 gon F&2L A% A == 7t
gaglt. olzge vugde ¥ B IHL F
2stAl 24 (NH).SOs 8 A2 £=7hdg 7]
WE & o=z o (NH.S0, 9 F7HHAE
ZgA)A BEAe] Arpaz 2 #4818 VU
2= 9lr}. Fig. 82 ol z& o)l A#E Wt
goz AN B F g IW 2 FHEHE
Poz HE AF rutile L AEE FAIE
AZE 9% AN &8 Azl
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Fig. 8. Proposed cyclic process for the production of synthetic rutile and high purity iron
oxide from the domestic titaniferous magnetite.
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