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Abstract. Bauxite residuc (red mud) is ahazardous waste of alumina refinery from bauxite
during the Bayer’s process of alumina production. Due to high alkalinity and a huge
amount, red mud can be an environment pollutant unless it is managed well. Red mud
comprises of a mixture of iron, aluminium, manganese compounds...and caustic soda
residue from the digestion and separation of bauxite. These are hazardous materials if they
are not managed properly by suitable technologies. Currently, red mud has not been
treated and processed efficiently by any country in the world. It is ofien buried in remote
land area or coastal land to avoid potential hazard. Due to varied content of iron in red
mud, the iron recovery from red mud has attracted increasing research interest. This paper
presents a comprehensive overview of the current techniques applied for iron recavery
from red mud. Noticeably, hydr llurgy and pyrc llury have been investigated
thoroughly. However, in this review other techniques are also introduced. A completed
and closed process which can recover additional values and benefits from red mud is
much preferred. Additionally, the effort to recover iron from red mud in Vietnam which
tesulted in a patent has been carefully covered.

Key words: bauxite residue, red mud, iron recovery, magnetic separauon, indirect
reduction, sponge iron

1. Gidi thiéu

Bun d6 la ba thai cua qua trinh san xudt nhém fir quing bauxittheo phucmg phap
Bayer. Do tinh kidm cao va lugng bin thai 16m, bin do 13 tic nhin gy 6 nluem mdi
trudng nghiém trong néu khong dugc quéan 1y tét. Bun d6 13 hén hop bao gom céc hop
chét nhnr oxit sit, mangan, v.v. vi mét hrgng xiit dur do qua trinh héa tan va tich quing
bauxit, day 4 nhitng hop chit doc hai néu khdng dugc quén Iy vi ap dung céc cong
nghé xr 1y phd hop. Hién nay, trén thé gioi chura c6 quoc gia ndo xir 1y miét dé duoe
bun 44, phuong phap phé bién vin thudmg lam 13 chén lap biin dé & cic ving dit it
ngudi, ven bién dé tranh dgc hai. Tuy nhién, do thanh phén va tinh chét cia quang
bauxit khac nhau dﬁn dén thanh phin va tinh chét ciia bin 6 ciing khéc nhau. Thanh
phén cic nguyen t6 kim loai trong bim dé ciing dao dong 16n try thude vio thanh phén
va tinh chét cia quang nhir bam lwong sat oxit (Fes0) 5,0 - 60%, ham luong nhém
oxit (Al,03) du 4,4-20%, va ham luong titan oxit (Ti0,) va silic oxit (810,) dao dong
kha 16n tir ham luong vét cho dén 25%. Tuy theo thanh phan va tinh chét ciia bin doé
ma dua ra cac cong nghé phi hop dé sin xudt cac vit liéu khac nhau.

Trude thyc 16, ngudn quing st trén todn chu dang khai thac can kigt, viée thu héi
sAt tir biin d6 ngdy cang thu hat sy quan tim va nghlen clru trén thé gm Chinh vi vay,
biin d6 duec coi nhw mdt ngudn t4i nguyén co gid tri kinh t€ thay vi chi don thuan coi
la chét thai cong nghiép. Bun da dwoc xem nhu ngudn nguyén li¢u thit chp nhim thu
hbi cac nguyén té kim loai ¢8 gid tri [1]. Hién nay, trén thé giéi di c6 nhiéu cic cong
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trinh nghién citu dua ra cic ky thuat va cong nghé nhim thu hdi sat 6 bin d6 vi e’
kim loai quy khac nhu gali, vanadi, titan, dat hiém.. Béo cao ndy tAng quan cic cing
nghé thu hoi sat tir bun d6 [2]. X

2. Ham hreng céc kim loai trong bin 68

Cac kim loai trong bin do thudng 160 tai & cac pha khoang phtrc tap nhu hemam,
boehmit, sodalit, aluminosilicat, thach anh, perovskit, goethite, cancrinite nén viée iy
héi kim loai néi chung hay sat noi riéng tir bin d6 gip nhiéu & ngai. Ngoai ra bin ¢
¢6 kich thuéc hat min, cé tinh kiém cao nén cung ghy ra kho khin cho qud mnh thy
hdi kim loai. Trong bin dd, ham lugng sat vi cac nguyen t6 di kém thay dbi rét lgn
phu thudc vio logi quing bauxit va céng nghé ché bién alumin duge ap du.ng Mic di
¢ trén 300 loai khodng vat chira st nhung chi nhitng loai sau c6 ioi cho viéc thu héi
sit va san xudt gang thép: magnetite (Fe304), hematite (Fe,0s), goethite (FeO(OH)),
siderite (FeCQs), pyrite (FeS;) [2].

Baing 1. Thanh phan hod hoc ciia cdc nguyén 16 chink vd phu trong bin dé

o 2 . N o Y Him lln.mgﬁ
Thanh phin chink | Ham lrgng (%) | Thanh phan phu (mg/ke)
Fe 4,52 - 50,6 U 50 - 60
Al 4,42 -16,06 Ga 60 -80
Si 2,16 - 14,86 v 730
Na 098 7,79 Zr 1230
Ca 0,39 - 16,72 Sc 54
T 098 - 5,34 Cr 497
Mn 85
: Y 68
[ Ni 31
Zn 20
Lantanit 0,1% - 1%
Th 20-30

Béng 2. Céc dang tén tai cuia cdc khodng vit chinh va phu trong bun do (3]

I Nguyén tb Dang tbn tai Cong thirc hod hoc
i Fe Hematite o-Fe; 04
i Goethite o-FeOOH _
. Magnetite Fe;04
Himenite FeOJTiO,
Ferrvhydrite Fe,0;-0.5H,0 .
Al Gibbsite o-ALO;T3H0
Boehmite a-AlLO;Z2H.0
Diaspore B-AlL0."H,O
Ti Anatase TiD: )
Rutile TiO-
Perovskite CaTi0;
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[ T imen FeOTTO,8
Si Quartz Si0,
Kaolinite ALSi,05(0H),
Sillimanite ALSiO;
™ Halloysite ALSIO{OH} )
Sodalite Nea(AlSic0:0Ch, \
[T Cancrinie NaeCaal(CO)/ALSI 0] 02,0 |
Dit hiem Monazite (Ce, La, Pr, Nd, Th, Y)PO, |
Xenotime YPO, j
Synchysite-(Ce) CaCe(CO;),F ]

3. Céc cong nghé thu hdi sit tir ban d6

D¢ thu hdi st tir bin d6 c6 nhidu 3% thuat duge nghién ciru va thir nghiém ung
dung nhu phrong phap khir bing cacbon rin, hoan nguyéntrong 10 hé quang va tuyén
tlr, phwong phép thiy luyén. Phurong phép thu hbi sattr bin 46 dé san xudt gang vd
theép trong cdng nghigp luyén kim hia hen nhiéu tiém nang. Tuy nhién, khong gidng
nhur quing skt thong thuéng, cic thinh phin tap chit trong bun d6 nhw A, S, P, Na,
Ca, Mg, Si gép phén ngan cin qua trinh thu hdj sit, khi him lwong nhém, silic cao s&
inh hucng dén tinh lvu déng cia xi, d6 kiém cao khong tuong thich vgi vat liéu chiu
Iira vA tich tw kidm [4].

Béi nhitng lgi ich kinh & tir viéc thu hdi st tir bun d6 nén céc két qué nghién ciry
trong linh vyc nay thuémg duoc pho bién trong céc bing sdng che Cic bang sang ché
“thu héi sét tir bin do” trong giai doan 2009 va 2014 cho thiy gin 47% bang sang ché
xuz.t phat tif Trang Quéc, noi ¢6 nganh cong nghiép khai thic vi ché bién nhém phat
trién v& nhidu mo bauxit 16m [2]. Tuy nhién, do tinh phén tén cia quéng bauxit va céc
khu cong nghiép ché bién va san xudt nhém nén cac nghién cira vé thu hoi sit trong xir
1y bin 46 cling rét da dang.

Mot s k¥ thudt dang duge nghién ciru thir nghiém @& thu héi sit ti bin 46 dwoc
bac gom: phuong phép tuyén tir truc nep phuong phép hoéa luyén, phuong phap thiy
luyén va mdt s6 k¥ thuat cong nghé tiém nang khac.

3.1. Phuong phip tuyén i trye tiép thu hdi sat tir bin dé

Thu héi sit tir bin ¢ bing phwong phap tuyén tir e tiép sir dung it ning hrong
hon so v&i phuong phap héa luyén.

Nguyén tic clia phuong phép nay la cho bin d6 ¢ dang huyén phi di qua thiét bi
tuyén tir c6 cudmg 46 tir trudng 1én. Cac san pham c6 tir tinh duoe tch ra khoi huyén
phu, sau d6 duoc sir dung 14m nguyen ligu ddu vao cho qua trinh san xudt gang thép
hogc lam pigmen cho san xuht gom sir. Thanh phén khong c6 tir tinh trong huyén phi
bim d6 dugc tach riéng dé ché tao vét liéu xdy dung hodc quay nguoc lai chu trinh
Bayer [4]. Tuy nhién higu suat thu hdi sat theo phwong phap ndy kha thip. Hinh 1 trink
biy so 40 mb t2 qua trinh tuyén uir tryc tu:p thu hdi sat tir bun do.

Phuong phap myen tir truc tiép thu hdi cdc san phim ¢ gi4 tri 44 dugc 4p dung tai
céc nha may san xuit alumin tai T4y Uc [5] va Trung Quoc [6]. Bin &8 duoc xi Iy
tryc tiép qua may tuyén tI wét edeudmg 44 tir trudmg cao, cdc sam pham tach dugc
img dyng cho cac muc dich khic nhau nhu thu hbi sat va san xudt vat lién xay
dung...Li va cong su [6] d& sir dung thiét bi tryén tir siéu dén gradient de téch cac hat
bin d6 siéu min (<100 pm} thanh hai phan doan c6 ham luong tdng sét thip va tdng
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sht cao. Trong nghién cim cia Li va chng sy [6], hai mau bin d6 cb chira tong st lau
lugt 1 41,08% va 20,84% duge cho qua thiét bj tuyén tir siéu din gradlent dé tuyén
sét. Sau tuyén tr, thinh phan tong sét tang 1én 13n lugt 1 45,46% vi 3547%. Tuy
nhién, trong phin ba thii eon chira lugng sét khi cao sau tdm chu ky tuyén, ln heot 13
31,47% va 9,86%.

Hinh 1. So d6 quy trink tuyén tir trec 1iép thu hoi sdt tir bim do

Nhimg nhuge diém ctia phuong phép tuyén tir tryc tiép thu héi sit tir bim d6 1a <hi
cho phép thu hoi khi sét tdn tai trong bin dé & cac dang c6 tir tinh. Ngoai ra higu sual
thu héi kha thap (28 — 35%) [7]. Phuo'ng phap nay khong ap dung duqc voi céc mau
bun d6 chia st & dang khong tir tinh, vi du nhu hematite (F e203), dang ton tai chit yéu
ciia sit trong bin do théi ra tir cdc nha mdy khai thac va sin xuét alumin tai Tay
Nguyén.

3.2. Phuong phap hoa luyén thu h01 sét tir bin 36

Phuong phap hoa luyén thu hdi sét tir bun do 12 mdt trong nhimg phuong phép duec
nghién ciru Umg dung nhiéu nhit. Bin 4 dugc hoan nguyén & trang théi rén, sau d6
tuyén tir dé thu hdi sit. Céc dang oxit sét trong biin 46 duge hoin nguyén trong 16 hb
quang, 15 cao, 16 dimg ting thip, 10 quay dé sin xudt gang [8]. Do anh hudng ctia cic
thanh phén khac c6 trong bun 46 dén qua trinh thy héi sit nén cic quy trinh cong nghé

durg phét trién dé thu hoi dong th céc thanh phin khéc di kém nhu Al, Ti va céc kim
loai khac.

3.2.1. Co s Iy thuyét qua trinh khir trye tiép cac dang oxit sét sir dyng cachon
Qué trinh kb tryc tiép cic dang oxit st vé sit s dung cacbon xay ra theo céc phan
g sau:
Fe,0; +3C -» 2Fe +3COT  [1]
Fe;0, +4C —3Fe+4C0T (2]
FeO +C — Fe+CO? [3]1
Cic yéu t4 anh hwréng dén mirc 46 khir sét dugc tudn theo phuong trinh sau:

tr=R/[AKMc x exp(~E/R"T)}+"opox [1/2 ~ RY/3 — (1 - R)?*2)/3D, [4]
Trong do:

t:  Théi gian khir oxit sét (s)
R’:  Mic d khir ciia sin phim b oxit sit vé sit (%)
E:  Nang lrong hoat hoa ciia phan tmg (Jmol 'K}
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Aé Hing s phan img
. R% Hang sb khi hay hing sb khi i fudng, 12 tich 56 giira hiing s6 Avogadro
N, va hiing 58 Boltzmannkgco gia tr 12 8,314 Jmol 'K
T Nhigt d¢ phan img (K)
K:  Hing sb cin bing ctia phan img ki sit
Me: Ty 18 ciia cacbon (%)
r'y: Ban kinh hat khi mirc 4 kbir 13 R’(m)
Po:  Nong dd oxi c6 chira trong oxit sht & mhu ban diu (moV/m*)
D Hg 56 khuyéch tin trong pha rin (m’/s).

Tir phuong trinh [4] cho thiy céc yéu t anh hréng dén mire a3 Khir oxit sét vé st
kim loai 12 nhiét 43 phén img, thoi gian phan ¥mg va 1y 16 cacbon. Ngoai ra trong bun
45 cén chira cac hop chét nhu AL, SiO;...Céc chét ndy cd inh huéng tidu cuc dén
qué trinh ki oxit sit vé sét kim loai. Theo nghién ciru cia Mei, sy anh huéng ny c6
the logi trir bang cich thém céc chét phy gia CaCO; va MgCOs.

Tém lai, céc yéu t§ 4nh huong chinh dén higu qua thu hdi sit 12 nhiét d6 phén img,
thoi gian phéan tmeg, ty 18 cacbon va ty 18 phu gia.

3.2.2. Co st 1§ thuyét qua trinh khir trye tiép cic dang oxit sit sir dyng khi CO
Qué trinh khir sat sit dung khi CO tir céc oxit sit trong biin dd xdy Ta theo cac phén
mg saw:

3Fe;05 +CO — 2Fe;0, + CO,T [51
Fes04 +CO —3FeO +COt [6]
FeO +CO Fe +COT N

Gin db can bing pha clia céc oxit sit trong qué trinh khir bing CO duge thé hien &
so 46 sau:

Temperaturo °F
600 1060 1400 1800 2290 2 600 3000
10 T T T T T /"—,—’::—:'—L T L ‘L .
IFe«200=FeyCr coz yrs ,:/,:,/ Austenite I/’Fe\\:q;i
08~ (p .0_(, FrQ+ CO =FeeCOz P2 1
[ (FeyC) TFe y |
~ ' ]
S 0.6 - |
8% | weikn !
o QJ gers - | Lg.oude 1
£ (LLH’ ¢ |
- ) ]
1€0=C-C0z
01 Fey0g CO73FR0+ COy |
¥
rlﬁzo:,~ C0=2Fey0> €O; A
0 1 AN O L f . ! 1 .
200 400 600 80O 1000 1200 1400 1600

. N Temperature °CG .
Hinh 2. Gidn d6 cdn bang pha ciia cdc oxit sat trong qud oinh khik bang CO
Trong gidn a5 pha Hinh 2 cho thdy, qua trinh khir Fe,O; bang khi CO trong ving
nhiét 4o tir 400 dén 1400°C, khi ham lugmg CO dudi 40% & hinh thanh chit yéu &
dang oxit sht tir Fe;O,, qua trinh khir Fe Oy vé dang magnetit cao nhit tai ving phiét
5 650°C. Tuy nhién trong bin d6 con nhiéu thanh phan tap chat nhv oxit nhom, oxit
silic ...céc chit nay co anh hudng tiéu cuc dén qué trinh khir oxit sit, nén vigc hinh
tharih céc hop chét mudi canxi silicat dé ting higu suht khir rét kho xay ra & nhigt 40
thép, do vy qué trinh thiéu két bin d6 can phai thuc hién & nhiét dd trén 850°C va qui
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trinh khir phy thugc cha yéu vao nhiét d6, théd gian, thanh ph?m Khi CO VA cac chi ‘l
phy gia CaCO; va MgCOs.

Hinh 3. So db quy trink hod luyén thu hoi sdt i bin do

Quy trinh tong quét clia phirong phip nay dwgc trinh bay trong Hinh 3. Quy riok ™
niy sir dung chit khir, pha khi hodc pha ran, va néng lrong de nhiét luy¢n Cac chét 1
khir duge lya chon bao gdm bdt cacbon, than antraxit, than cbe hoic nguon thai chia
cacbon nhur min cua, b mia. Cac chit khit lya chon theo qua trinh hoan nguyén trye
txep bao gom lignite, than antraxit, than coc va cacbon hoat tinh. Kha ning phén 1 \rng .
va d tro cha than c6 aoh hudng ion dén mirc 46 va the 5 cia qué trinh hoan nguyén
kim loai. Chat hrgng than 1y tuémg duge xé4c dinh bao gom: d¢ tro thép, hoat tinh cao,
4 1e (F. + V) : (A + W) I6n (treng d6 F 14 chi s6 cacbon cb dinh, Vy, 12 ham  Tuong
chét béc, A 1a d9 tro, W 14 ham lugng khong chay) va c6 khi ning tao 46 xop vin
phai. pé gidm chi phi clia qua trinh thu hdi sét tir bun do thi viéc lua chon chét khir la
cdc chét thai hitu co gidu cacbon lam nguyén liéu ciing 14 mot hudng di hiéu qua dé
gidm gia thanh,

Phuong phép hoan nguyén tryc tiép bun do 13 mét buémg khi quan aé san xult
gang. Quo va cng su [9] tién hinh nghién i thu hdi sét bing phuong phip hodn
nguyén tryc tiép, bun do dwoe phéi tron voi than va hoan nguyén tai nhiét d 1400°C
trong 30 phut. San pham thu dwge c6 ham luong tong sét dat 96,52%, ham lugng Si v
Mn thap. Tuy nhién, sit vin contdn tai trong xi & dang Fe,SiO, chua hoan nguyén.
Jayasankar va céng sy [10] ép dung cong nghé nhigt plasma (budng phin img 1
quang nhiét plasma dong mjt chiéu 35 kW) dé hoan nguyen sht trong bun dé va sin
xudt gang. Theo nghién clru nay, bin 46 dugc tron voi chat trg dung (10% @olomit va
da vbi) va graphit (cacbon co dinh, 99%) 1am chét khir v& tién hanh thiéu két trong 15
phiit. Hiéu suat thu hcn sat t6i wu dat 71%. Raspopov va cong su [11] nghién ciru hinh
théi hoc ciia cac oxit sét trong mu bin do Iy tir nha méy sén xult alumin Ural (UAZ,
Kamensk ~ Ural’skii) va nhd may Alyum (Tul'chiya) cho théy bin 46 chira hematit,
lepidocrocite, goethite, va khodne v&t sit  aluminosilicat. Sau khi thiéu hoin
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nguyénvai lu(mg cacbon du, trong khoang nhigt 46 1200 — 1560°C, céc pha kim loai
(gang) va xi tao thanh d& diang duge phén tich ddm bdo ham lhrong C trong gang dic
trong khodng 2,0% t¢i 2,3%.

Lién quan dén qua trinh thiéu hoan nguyén, c4c thong sb anh huéng bao gbm nguon
cacbon, ti 12 cacbon:bin d9, nhiét d4 va thoi gian hoin nguyén, cic diéu kién tuyén tir
ciing anh huémg dén hidu sust thy hon sat sau khi hoan nguyén. Liu va cong sy [12}
nghién ciru s dnh héng cia cac yéu té nay dén qua trinh thiéu két hoan nguyén trrc
ti€p bun d6 bing cachon. Bun do dugc phdi tron voi cacbon theo ti 18 (cacbon:bin doé
= 18:100) va cac chét phu gia 1a d6lémit v6i ty 1¢ (dblomit:bin d6 = 18:100) sau d6
ta0 hinh trong khuén ép. Cac mau dang banh duoc thidu hodn nguyén t3i nhigt do
1300°C trong 110 phiit,sau d6 méu dwoc nghién min va tuyen tir. Ba thai sau myen i
dugce thu nghi¢m lam vat liéu xAy dung. Ham lzong tdng sét trong phan san Eham sau

tuyén fir dat 88,77% véi 6 1¢ kim loai héa dat 97.69% va hiéu suit thu hoi st dat
81,40%. Ngoai vigc thu héi sit, Liu va cdng sy [13] con nghién cim thiéu ket bun do
(kich ¢& <75 um) sit dung hén hop xat va véi ¢& thu hdi ca nhom va sit, miv bin do
duee phéi liguvdi ti 18 mol Ca:Si = 2, Na:Al = 1, ham Ivong than phéi trén 14 0,5%,
nhiét 46 thidu két 14 1000°C trong 3h. MAu thiéu két sau do duge nghién dén c5 hat
<125 um vi ngam chlet trong nude dé thu héi nhém & dang mudi aluminat, sau dé
tuyén ti¥ 4 thu hoi sit [13]. Thay vi sit dung xut va v6i, Zhu va cong su [14] phéi lidu
bin d6 véi 1% chét két dinh va 8% natri cacbonat, sau d6 vé vién va hoan nguyén tnrc
tiép voi than tai nhiét d51050°C trong 80 phuit. Higu suat thu hdi sit dat 95,7% sau khi
nghién sin pham thisu két dén c& hat<74 pm va tuyén b tai cudng d6 tir trwong 0,08
T. Trong mdt nghién ciu khéc eua Rao va cfng sy [15] sit dung don phcn liéu natri
sulfate 6% v4 natri cacbonat 6% cho qua trinh thiéu hoin nguyén bin 46 ¢ ham luong
tong sat la 48,23%, sén pham tuyen tir sau thiéu hoan nguyén bun do co ham lugng
tong sdt 90,12% (hiéu sudt thu hoi dat 94,95%), didu kién thidu hodn nguyénti e tai
nhigt 4§ 1050°C, thoi gian thidu 60 phit, ti 1€ c& hat 74 pm qua séng 20%, cudng do
tr trudng 0,1 T. Trong mdt nghién etru khac caa Li va cong sy {16], vé nhiét dong hoc
cia qué trinh hoan nguyén céc thanh phén c6 trong ban &6 (ALOs, Fe,05, Na,O,
Ca0,...) biing cacbon cho thiy qu4 trinh hoan nguyén ferritexy ra trong khoang nhiét
3 tir 800 — 1075°Cva hinh thanh cic hep chit natri aluminat va canxi silicat. Sau khi
nghién min ngém chiét dé thu héi nhém va lam gidu bing tuyén tir, hidu suit thu hoi
alumin dat 89,71% vi 60,67%, hiéu suat thu hdi sit dat 61,78% .

Nguoc véi phén 16n cic nghién ciru déu tip trung vio qua trinh thizu hoin nguyén
thu hoi sét trong bin d6, Samouhos va cong su [17] lai nghién ciru sir dung vi séngcho
quaé trinh thiéu . Quy trinh nay bao gbm qua trinh hoan nguyén ban d6 st dung 11gnne
v6i ham lugng cacbon co dich 30,15%, tiép theo qua tuyén tir uét thu héi cae sén
phém sit tir dé sin xuht st x6p hoic gang dic. Luong chat kinr va chiéu vi séng déu
anh hudng dén mic ¢6¢ hodn nguyén sit. Chu trinh chuyen héa sit tudn theo thir nr
Fe.0; — Fe;04 — FeO — Fe, thir tw ndy, duoc xée nhan boi két qua do nhiéu xa tia X
{XRD) va phin tich nhiét TGA/DTA. Tai cic dleu kién tbi wu 1 18 kim loai héa cao
bon so vé&i phueng phap thiéu két hoan nguyén truyén théng.

V. G. Logomoerk va céc cfng sy [18] da nglnen ciru sir dung 3 t4n bun 4o duge
phox liéu voi 2-3 tin d6l6mit va 0,5 tan than céc, sau d6 dong banh vo vién va thleu
hoan nguyén trong 1o hé quang tai 1800°C, san phim thu dugc 1 thn gang va 3 thn xi.
Quy trinh Giulini dugc phat trién bat Giulini Ludwigshafen [18] gom 2 budc dé sir
dung triét 4é bun d6. Trong quy trinh nay, dé Am cua bin do duoc giam t&i 40% trude
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khi phéi tron véi da vi va than. Mau sau khi phoi liéu duge dua vio 1o quay dii 10y
m, rong 1,8 m. Hén hop duge lam kho vz":‘taohha‘t co dudmg kinh 2-15 mm vi figy
hoan nguyén 80% vé sit kim loai véi nhiét d6 1a‘ 100{)°C.. Qua u:mh théo licu dugy
thiét ké dic biét sao cho qud trinh hoin nguyén hoan toan xay ra dé téch sat va xi. Sin
phim thu dugc va lay ra khoi 16 quay, ding dé san xuat gang hoic Fb?p,Quy trink
“ELGAI Process” dugc phéat trién béi V.K.Vhatkar dg thu hoi %mn 10:31 nr bun do, s
dung céc thinh phan phoi liu la bot soda vi than cdc, quy trinh khir c6 ket bqp st
dung thém khi dw ciia 16 cao dé hoan nguyén st trong 10 quay [18]. Than céc Khi oxi
sat trong 16 quay tai nhiét d¢ 900°C trong khi sod._s phan tng voi a}}lmm de'tau thanh
natri aluminat. Nhém dugc thu hdi & dan_g dung dich sau ngdm chje:t, sau d6 tuyén ny
va thu hi sat. Tuy nhién cong nghé ndy van hoan nguyén cic dang sat oxit khong kiém
sodt, chia yéu hoan nguyén su vé dang sat kim loai sau d6 tuyén tir dé t!m hoi thsiL

Hién nay, trén thi truong c6 hé thong thiét bi 16 MAGMA di duge sir dung dé xir Iy
bin do theo phuong phap hoa luyén. Chat khir hoan nguyén dlfgc_ sir dung 14 than. Sin
pham cia qué trinh ndu luyén 14 gang va xi.Gang dugc dua di dé sém_xuét thép. Xila
nguyén liéu dé t4i sinh alumin hoic clinker cho san xudt xi mang alumin.

Khisach
ES

P _[_J—Ij Byi
Khithg ) Ltam sach F e

.. Khdng khi, oxy

Tl Clinker cho xi mang
¥ Alumin

Dac théi

T8 T4 sinh alumin

Hinh 4. So 6 déng chdy trong qud trinh hod luyén xiz Iy bin do ciia thiét bj 1o MAGMA

Nang luc sin xuat clia mé hinh chuin MAGMA dé xir Iy bin do kho dén bin do
chira 15% &m I 350.000 — 380.000 tAn/ndm vé c6 thé ning cong suét 1én dén 0,35 tin
gang diic va 0.5 tan clinker xi mang alumin khi xir Iy 1 thn bun do.

_Nang lugng tiéu thu khi xir Iy 1 tAn bitn d6: Than: 1én dén 200 kg; Khi tr nhién: lén

den 50 Nm; Oxy ky thuat: 1én dén 100 Nm>.

Nbur vay, céc phuong phép truyén théng thidu két hoan nguyén sit tir ban do @
nhieu ru diem vi ean duoc nghién ciru k§ hon vé co ché phan tmg, t6i tru héa céc diéu

kién hoan nguyén dé ning cao hiéu suit thu hdi va ham luong tong sét.

3.3. Phuong phip thuy luyén thu hdi st tir bin dé !

Ngoai phuong phép hoa luyén thu héi sit, phuwong phép thiy luyén ciing dugc

nghién ciru dp dung nhém thu héi sat tir bin do, Trong mét sa nghién ciru, axit sulfuric
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duge st dung dé hoa tach sht iy bin dé [19]. Hiéu suit thu hbi dat 47% sau khi ngém
chiét tai 100°C, trong 24h va si dyng axit sulfuric 8 N véi ti 1¢ rin: l6ng Ja 5:100. Khi
thiéu tai 873K trwée khi ngam chiét bang axit sulfuric 6 M s& thu h&i duoc 97% sét tir
bin dé. Yu vi cac cdng [20] sy tién hanh xir Iy bin d9 voi axit oxalic két hop voi
chidu tia UV. Téng sit trong bimn d6 (12,31%) gidm xubng <0,7%. Sht dugc hoa tan
dudi dang Fe(TIN) oxalat. Dung dich thu duge dugc xir ly véibire xa UV dé tao két tha
Fe(II) oxalat, hi¢u suft chuyén héa dat >90%. San phim cin du dugs sit dung dé ché
130 vit liéu chiu lita. Cengeloglu va céng sy [21, 22) nghién ciru qué trich thu héi va
lam gidu Al, Fe, Ti, Na bang phuong phap tham tich Donnan, Céc méu bin do duge
hoa tan trong HCI truée khi thu hdi cée kim loai sau khi loc qua mang trao dbi ion
polysulfonate. Hiéu suét thu hdi Fe, Al, Na, Ti dar f&n luot 13 0,03 — 15,13%, 0,02 —
16,45%, 0,96 — 31 ,90%, 0,01 - 14,23%. Mac dd di c6 nhidu cc cdng trinh nghién ciru
va ing dung thu ho1 sht tis bin do theo phuong phap thiy luyén nhung hiéu suft thu
g:n sat thép va tiém 4n mot s6 kho khan nhu tbe d6 phan img cham, tao ra céc chit thai
it cép.

3.4, Céc cong nghé tidm ning khic

Mot s6 cong nghé sinh hoc c6 thé hoa tan mét sé kim loai do 46 ¢6 dang duge Umg
dung trién khai nhw cic phwong phép thay thé c6 higu qué kinh té va “sach” dé thu hm
cde kim loai truyén thong [23]. Cac qua trinh ngdm chidt sinh hoc ¢6 thé hoa tan sht
diroc nghién ctu sau sic nhim 4 ép dung tich cic tap chat st tir vat lidu, thu hm st tr
cé¢ loai quang kho thize hién voi cac phuong phap truyen théng va giai phéng sht khoi
cac kim loai khéc. D§ tan cia cic hop chét chia sit ting 18n nho kha nang tzo phire
axit hitu co cla cdc axit cacboxy].m nhir oxalic, citric, malic, pyruvie, humic vi céc
axit tannic sinh ra b&i céc vi khuin, hodc do qua trink khir Fe(IIl) thank Fe(Il) béi vi
Khuén trong qué trinh ngdm chiét sinh hoc [24]. Rat nhidu loai vi khufin ¢6 kha ning
sinh céc axit hiru co phi hop cho muc dich tich sat tir pha khéng tan, véi nhiéu loai
thudc loai vi khudn hiéu khi, Cac sinh vat ky khi ciing c6 thé sinh cac axit hitu co nhe
qué trinh 1én men cac hup chit hiru co, do viy ciing c6 kha nang hoa tan sat Hat co
ché hoa tan sit duge xac dinh bao gom co ché ddng hoa (hut st VA0 trong té bao) va
co ché dj héa (héa tan s&t) [23]. Mic dit cac qué trinh ngdm chiét sinh hoc d3 duoc
nghién ciru va trién khai Gng dung tach va thu h01 sat tr cao lanh, silica, bauxit nhung
chua ¢6 nghién citu nao ap dyng cho vige thu héi st tir bin dé. Dleu nay chit yéu do
bin d6 ¢6 tinh kim cao (pH 16n) khéng thuin lgi cho su phat trién ciia vi khuan, Tuy
nhién, Laguna va céng sy [23] nghién ciru héa tich sit tai cac pH > 7 bing han hop
cy vi khuén. Nghién citu nay gitp thic day kha néng {mg dung qua trinh nhiéu bude
nhim thu héi IAm giau sht trong qué trinh ngédm chiét sinh hoc sau khi ngam chiét bing
axit v giam pH bang céc chét thai ¢é tinh axit khac. Mot diém thusn loi & phuong
phép nay la chi phi giam nhé thu hdi dwgc cac kim loai khéc va giam lwong ¢hét thai.
Tuy nhién, hién van chira ¢6 quy trinh ngadm chiét sinh hoc nao dugc trién khai trén
quy mé thuong mai.

4. Cong ngh thu hdi sit tir bun a6 tai Viét Nam

Vai quy hoach phat trién bauxit & Tay Nguyén, dv 4n alumin Nhin Co cdng sudt
600.000 tan alumin/nira s€ thai ra luong bun 46 khd 1a 566.000 thn/nim, dung dich
bam theo bin do 14 610.000 tAn/nim, du én alumin Tén Rai (alumin Lam Ddng) s&
thai ra rong bun 46 khé 13 636.720 tn/nam, dung dich bam theo bin d6 1a 687.720
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thn/nam. Hai nha may alumin Nhin Co va Tén Rai ¢6 lugng bin dé thai ra khoang 12
— 1,3 triéu tin/nam. Ham hrong oxit sét (Fe,Os) trong bin dd khd cia nhi méy alumin
Lim Dong ¢6 gid tri trung binh 13 51%, arong duong vot ham lugng tong st (T-Fe) 1,
35,7%. Do d6 bin do khé cia nhd may alumin Lam Dbng duoc coi la loai quang sit
nghéo, ¢é thé dinh huumg aé thu hdi sit va san xudt gang, thep

Cac nghién ciu vé viée thn hdi sét tir bun dé dugc nhleu tac gia de cip G trén
t4p trung chu yeu vao giai doan hoan nguyén sau sat oxit vé dang skt kim loai, san
G6 nghién va tuyén tir thu héi bt sit. Dé loai nhém trong bot st thu dwgc tir bun
d6, cac nghién ciru va sang ché chng bd trrde ddy chu yéu sir dung Na,CO; trong
qud trinh thiéu ket mot so it cong trinh sir dung d616mit va voi dé loal nhom vi
t&ng hiéu hoan nguyén sit. Tac nhan ki dwoc st dyng trong céc sang ché va cic
nghién clru truée déy la than va cacbon. Mot s6 nghién ciru nhw quy trinh “Elgai
Process™ duoc phat men boi VK. Vhatkar ¢6 két hop sir dung thém khi du cua 15
cac dé hoin nguyén sht trong 16 quay, tuy nhién cong ngh¢ nay vin hoan nguyén
cac dang sat oxit khong kiém sodt, chi yeu hodn nguyén siu ve dang sht kim loai
sau d6 tuyén tir dé thu hdi bot SAt.

Toém lai, céc nghién clu va sang ché twde ddy tép trung vao cdng nghé hoin
nguyén siu cac dang sat oxit trong ban do vé dang sét kim loai vi thu hdi & dang bpt
sat. Cac cong nghé ndy c6 nhuoc diém 14  khong kiém 504t duge qua trinh hedn nguyén
va do hoan nguyén siu v& skt kim loai dAn dén tiéu tén nang lugng do thanh phan tap
chit trong biin do 14 rht nhiéu ciing tham gia vao cac qué trink phin tmg.

Mot sé sang ché cing dua ra cong nghé hoén nguyén vé dang oxit sit tr trong 16
quay. Tuy nhién, aé dap img duoc 46 cimg clia vién trong 10 quay, cdng nghé nay phii
bd sung chét két dinh 12 bentonit dén dén lam ting ham lwgng nhom trong bin dé ma
muc dich cba qua trinh nay 1a can loai bd nhém va cic tap chat khéc co trong bin do,
do d6 cdng nghé ndy cén _phai b sung mot huong 1dém voi cling nhu Na,CO; so vdi
obng nghé chi st dung chét két dinh 14 vdi. Mat khéc, dé tang do cimg cla viéy, cbng
nghé nay can phai say kho va nung & nhiét d§ trén 500°C trude khi hoan nguyén trong
16 quay dan dén tiéu tén ning Iweng va khéng hiéu qud kinh té trong qua trinh thye
hién. Mat so nhiroe diém nira con ton 1ai trong 16 quay la hién tugng v& hat dfn dén
tinh trang mau thiéu két dinh vao thanh 1, gdy tc 10, khién cho khéu lam vé sinh b
gdp khé khin, tham chi c6 thé phai nging hoat ddng 16, va tiéu tén thém ning hrong
khi phai sir dung déu FO trong qué trinh didu khién nhiét 4o cia 16 ddn dén higu qué
kinh t€ khéng cao.

DE khic phuc nhtmg nhuge diém trén, quy frinh ¢éng nghé thu héi sat cia Vién
Hén lam Khoa hoc va Céng nghé Viét Nam theo bang dée quyén sang ché sb 14156

“Quy trinh cong nghé san xuit tinh quing st va sat xop fr bun do” [25] ¢o nhing
diém méi va wu viét hon so véi cac nghlen ciru va sing ché trude ddy & cac diém saw:

- Chi tién hanh hodn nguyén oxit sat Fe»0; trong bun do vé dang oxit sit tir Fe;04
ma khong hodn nguyén siu vé dang sit kim loai.

~ Trong qua trinh hoan nguyén, sit dung tac nhan khir bao gom khi CO c6 trong khi
du cua 16 cao va than nhim kiém soat qué trinh hoan nguyén vé dang oxit sit tir théng
qua viéc danh gis 1V 18 mol Fe,0/FeO.

- Quy trinh a0 chu sir dyng dolémit vay lam tim cau khong nhimg dép tmg duge

geu ::Iau vé théu khi trong giai doan thiéu két ma con tang higu sudt thu hoi sat trong
un do
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Viéc dimg vai song Ca0 khong nhitng lam chét két dinh ma con dé loai bd nhém
trong giai doan tuyen tr cb hidu qué kinh t& hon so véi viéc dimg natricacbonat
Na,CO; nhu céc tac gia trude day di sit dung.

Quy trinh sén xudt tinh quing st tir bin d6 theo bang déc quyen sang ché 14156
bao gbm cac budc:

1) Loai b6 xit va dich bam theo bin d6 de thu héi bin do & dang kho va ti sir dyng
xit va dich bam theo bin do, frong 46 ngudn bin do thich hop dé s dung 1a nguon
bun dé thii cia qué trinh ché bién quing bauxit chira 46 dén 54% Fe; 0y, chira 11 dén
17% ALO3, va chira 5 dén 8% SiO,;

ii) Nghién va phéi tron bin d6 khd thu dugc véi than cim, v6i séng va d61omit vay,
tinh theo trong luong bin d6 kha:

- Than cam: 5 dén 8%;

- V5i sbng: 10 dén 12%; va

- P6lomit vay o6 kich thude nim trong khoang tir 2 dén 8mm: 5 dén 7%;

iii) Tao cAn méu phéi ligu néu trén 0 thu duwoc vién ¢ dic diém: kich ¢ tr 1 ¢én 3
cm, tAm cau 1a hat d816mit viy 4 dim bao dat duoc mirc dd thiu khi cao trong vién v
qué trinh khir 1a ddng déu tir bd mit vién vao trong va tir tm vién ra ngodi & buéc
thiéu két;

iv) Thigu két vién thu duoc trén thiét bl thiéu két dang bing tai bang cach sir dung
khi dw cta 16 cao c6 ham luong khi CO nm trong khodng tir 19 dén 23% thé tich tai
nhigt 4 nim trong khoang tir 900 dén 1000°C trong thai gian tir 10 phut dén 15 phit
nhim khéng ché t¥ 18 mol Fe;03/FeO ném trong khoang tir 0,85 dén 1,15 d& chi hoan
nguyén oxit sit Fe;0; o6 frong bim do vé dang oxit sat tu Fe;0,, trong 46 viée xic
dinh ty 16 mol néu trén dirge tién hanh bing cach nghién mu sau khi thiéu két, hoa tan
trong axit réi tidn hinh phin tich ham hrong FeO va Fe,O; bang phuong phép chuin
45 oxy hoéa khi, néu t¥ 1& mol Fe,0y/FeO 1én hon 1,15 thi ting lugng than hojc ting
théi gian thiéu két, con néu ty 1& mol Fe,05/FeO nho hon 0,85 thi gidm hrong than
hodc gidm thoi gian thidu két; vi

v) Lam nguéi mé, nghxen va tuyén tir um qua hé tuyén tir kép bao gom 16 tir thir
nhét sir dung nam cham dat hiém c6 lvc tir nadm trong khodng tir 2600 dén 3000 Gauss
va 16 tir thir hai st dung nam cham ferit c6 luc tir ndm trong khoang tir 1000 dén 1600
Gauss, hai 16 tir nay dugc ghép ndi tiép nhau thong qua hai thung cap lidu va duoc
ghép dé phan bb lyc ur trén 173 bé mat cita 16 tir va ducrc quay v&i toc d(} nam trong
khoang tir 25 dén 40 vong/phut, thu duoc tinh quing sit c6 ham lugng tdng st 1on
hom 62% va ham lugng nhém du nhé hon 2%.

Tinh quing séi sau khi tuyén ti duoc phm liéu véi than, dolémit, tinh theo khéi
lwgng tinh quing : than 15-20%; va d6lomit tir1-3% st dung chét ket dinh 14 bentonit
vai ty 1é nr 0,1 dén 0,5%. Sau do tao vién va sdy khé, quing vién shy khé dugc nap
vao 10 quay bang bang tai. Qua trinh hoan nguyén dugce chiz thanh 8 ving nhiét 46
khac nhautir daulb 600° C, nhigt d¢ hoan nguyén tr 1100 dén 1200°C. Khi vien quing
chuyén déng tir diu 16 dén cudi 16 thi toin b qua trinh hoin nguyén sé hoin tat, lac
nay vién quang d& chuyén thanh sét xbp.
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Thu hdi xat (Skg/m®)
va aluminat (1,8
kg/m®) quay lai chu
trinh rira va hoa tach

Than (14 tén)

Bun 3 thii wét
18 16ng:rin (60:40)

Loai bé xit va d;ch bam
theo bin dé bang cong
nghé loc ép ap suit cao

Vi (24 tn)
Dolomit (12 tin)

|
\———*[ Phébi li¢u J -—

Bin dé khd
200 tin

!

Thiéu két sir dung khi
dir CO Id cao (21%)

!

Nghién min va tuyén tir l

|

Tinh quing skt (62,1%) (83 tn)

Hinh 5. S0 d6 cong nghé thu héi sdt, san xudt thép tir bin d6

Sit xop cing vén xi than sau khi 1am nguéi duoc chuyén qua may tuyén ti¥ khd dc
loai bo xi than. Sat \np thanh phédm dirge phm liéu v&i gang lanh theo 7 1§ sht xop
gang lanh 13 60:40 vé trong lugngsau &6 duge dua t6i 1o dién hd quang EAF dé niu
chay thanh thép long. Sau d6 thép long dugc chuyén sang 16 tinh luyén LF, tai déy s&
diéu chinh cac thanh phan cia thép d& dat mac thép theo yéu ciu. Sau khi thanh phall
va nhiét d¢ cia thép ]ong dam bio s& duge chuven dén may duc lién tuc & diic ra phoi
thép thanh phim. Vi két thic qué trinh san xudt thép tir bin d.

So dd cong nghé san xut thép tr bin 46 dirge dua ra ¢ Hinh 5.
Quy trinh cong nghé thu héi sét theo bang doc quyén sang ché s 14156 da duge ép
dyng san xudt thir nghiém véi quy mé 200 tin, cdc két qua dugc trinh bay tong cic

Bang 3 -6 vaHinh 6-7:
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Bing 3. Thanh phan bim do khé tai nhd mdy Alumin Lém Déng

Y Thanh phin héa hec Pon vi ; Ham hreng
2 ALO; % | 16,71
3 TiO, ] % 5,83
4 Fe.0; % 51,10
5 Na,O % 532
6 Si0;, % 6,98

N
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Hinh 6. Phé XRD ctia mdu bin do thé
Bing 4. Thanh phén hod hoc ciia tink quing sau tuyén tir

TT | Thanh phin Héa hoc Ponvi | Hamlugng
Tong Fe % 62,1
2 | ALO; % 2,01
3 | NayO % 1,3
'4_ Si0, % 5,6
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Hinh 7. Phé XRD ciia mdu bin 46 sau thiéu két vé tuyén

Bing 5. Thanh phdn hod hoc ciia mdu sit x0p

TT [ Thanh phin Héa hoc Don vi Ham lwong
1 Tong Fe (T-Fe) % 90,0
2 | Sétkim loai (M-Fe) % 83,4
3 | Luuhuynh (8) % <0,03
4 | Phdt pho (P) % <0,03
Béng 6. Thanh phﬁn hod hoc ciia mdu phii thép
TT | Thanh phin Héa hoe DPon vi Ham lwong
1 | Sét(Fe) % 98,7
2 | Cacbon (C) % 0,3334
3 | Silic (Si) % 0,1734
4 | Lwuhuymh (S) % <0,0300
5 | Phét pho (P) % <0,0300
6 | Mapgan (Mn) % 0,5713
7 | Niken (Ni) % 0,0561
8 | Crom(Cr) % 0,0620
9 Molipden (Mo) A 0,0278
10 | Vanadi (V) A 04,0009
11 'Ddng (Cu) % 0,0765
12 Nhom (Al % 0,1366
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Két lugn

Bai bao da tong hop va trinh bay cic gidi phap_ cdng nghé va ki thuit 4i va dang
dugc nghién oy, thue hién va trién khai & thu hi st tir bin d6 trén thé glcn va tai
Viét Nam. V& cg ban cong nghe héa luyén duge nghién ciru va sir dung pho b]cu dic
biét cong nghé hoa luyén két hop sir dung tic nhan khir Ja khi du 16 cao va hoan

nguyén c6 kiém soat 13 cong nghé 4 wu viét va hiéu qud kinh té hom so voi cic cong
nghé khic.

L cédm om
Xin chan thanh cam on Vién Ho4 hoc, Vxén Han 1am Khoa hec va Céng nghé Vlét
Nam, Chuong trinh Tay Nguyén 3 (ma s6: KHCN- TN3/11-15) d tao diéu kién va

cung cép kinh phi dé thye hién d& tai nghién cire (ma sb: TN3/T29) va thu thap cac két
qua nghién ctru ndy.

Tai liéu tham khie

1. Excag, E.; Apak, R. Furnace smelting and extractive metallurgy of red mud: Recovery of
Ti02, Al203 and pig iron. Journal of Chemical FTechnology & Biotechnology, 70, 241-
246 (1997).

2. Liu, Y.; Naidu, R. Hidden values in bauxite residue (red mud): Recovery of metals.
Waste Management, 34, 2662-2673, (2014).

3. Samal, S.; Ray, A. K, Bandopadhyay, A. Proposal for resources, utilization and
processes of red mud in India — A review. International Journal of Mineral Processing,
118,43-55(2013).

4. Hammond, K. M, B; Apelian, D.; Blanpain, B. CR3 Communication: Red Mud - 4
Resource ora Wa:te’ JOM, 65, 340-341 (2013).

5. Jamieson, E.; Jones, A.; Cooling, D.; Stockton, N. Magnetic separation of Red Sand 10
produce value Minerals Engineering, 19, 1603-1605, (2006).

6. Li, Y; Wang, I.; Wang, X.; Wang, B.; Luan, Z. Feaszblhty stua'y of iron mineral
separation from red mud by }ngh gmdtent supercond g mag op ion. Physica
C: Superconductivity, 471, 91-96 (2011).

7. Peng, X.; Huang, G.. Method for recovering iron concentrates from alumina red mud
Google Patents (2011).

8. Rakesh, K.; J. P., S.; Premchand. Utilization of iron values of red mud for metallurgical
applications. Environmental and Waste Managernent, 108-119 (1998).

9. Guo, Y.-h; Gao, J..; Xu, H-j.; Zhao, K.; Shi, X.-f. Nuggets Production by Direct
Reduction of High Iron Red Mud. Iournal of Iron and Steel Research, International, 20,
24-27 (2013).

10. Jayasankar, K.; Ray, P. K.; Chaubey, A. K; Padhi, A.; Satapathy, B. K.; Mukherjee, P. S,
Production of pig iron from red mud waste fines using thermal plasma technology. Int J
Miner Metall Mater, 19, 679-684 (2012).

{1. Raspopov, N. A, Komeev, V. P.; Averin, V. V.; Lainer, Y. A; Zinoveev, D. V,;
Dyubanov, V. G. Reduction of iron oxides during the pyrometallurgical processing of red
mud, Russ. Metall, 2013, 33-37 (2013).

12, Liu, W.; Yang, J.; Xiao, B. Appllcatxon of Bayer red mud for iren recovery and building
material production from ah residi Journal of Hazardous Materials, /67,
474-478 (2009).

13. Liu, W.; Sun. S.; Zhang, L.; Jahanshahi, S.; Yang, J. Experimental and simulative study
on phase transformation in Baver red mud soda-lime roasting system and recovery of Al,
Na and Fe. Minerals Engineering, 3¢, 213-218 (2012).

447



Tiéw ban: Khoa hec Vat liéu

14,

is.

18,
19.

20.

21,

22,

Zhu, D.-q.; Chun, T.-j; Pan, J.: He, Z. Recovery of Iron From High-Iron Red Mud by
Reduction Roasting With Adding Sodium Saft. Journal of Iron and Steel Research,
International, 79, 1-5 (2012).

Rao, M.; Zhuang, J.; Li, G.; Zeng, 1 Jiang, T.: Iron Recovery from Red Mud by
Reduction Roastng-Magnetic Separation. In Light Metals; John Wiley & Sons, Inc.pp
125-130 (2013).

. Li, X.-b,; Xiao, W.; Liu, W.; Liu, G.-h; Peng, Z.-h; Zhou, Q.-s.; Qi, T.-g. Recovery o

aluming and ferric oade from Bayer red mud rich in iron by reduction sintering,
Transactions of Nonferrous Metals Society of China, 19, 1342-1347 (2009).

. Samouhos, M.; Taxiarchou, M.; Tsakiridis, P. E.; Potiriadis, K. Greek “red mud”

residue: A study of microwave reductive roasting followed by magnetic separation for g
metallic iron recovery process. Journal of Hazardous Materials, 254-255, 193-205
2013).
§-l. K. )Chandwani, V. V., R N. Goyal, P. M. Prasad. Recavery of iron and metal values
from red mud possibilities in Indian scenario. NML Technical Journal, 39, 11 (1997).
Uzun, D.; Giilfen, M. Dissolution kinetics of iron and aluminium from red mud in
sulphuric acid solution. Indian Journal of Chemical Technology, 74, 263-268 (2007).
Yu, Z.-1; Shi, Z.-x.; Chen, Y.-m.; Niw, Y -j.; Wang, Y.-x.; Wan, P.-y. Red-mud treatment
using oxalic acid by UV irradi assi Tr ions of Nonferrous Metals
Society of China, 22, 456-460 (2012).
Cengeloglu, Y.; Kir, E.; Ers6z, M. Recovery and Concentrafion of AYIII), Fe(III), TifIv},
and Na(l) from Red Mud. Journal of Colloid and Interface Science, 244, 342-346 (2011).
Cengeloglu, Y.; Kir, E.; Ersoz, M.; Buyukerkek, T.; Gezgin, S. Recovery and
concentration of metals from red mud by Donnan dialysis. Colloids and Surfaces A:
hemical and Engineering Aspects, 223, 95-101 (2003).

Ph
Phy

. Laguna, C.; Gonzilez, F.; Garcia-Balboa, C.; Ballester, A.; Blazquez, M. L.; Mufioz, J.

A. Bioreduction of iron ipounds as a possible clean envir tal alternative for
metal recovery. Minerals Engineering, 24, 10-18 (2011).

Eisele, T C.; Gabby, K. L. Review of Reductive Leaching of Iron by Anaerobic Bacteria..
Mineral Processing and Exiractive Metallurgy Review, 35, 75-105 (2012).

. Vi Duc Lei; Nguyén Vin Tuyén; Chau Van Minh; Nguydn Vin Tuin; Duong Tuln

Hung: Nguyén Vin Lang. Quy trinh sin xuit tinh quang sit va sit x8p tir bin db. Vit
Nam Patent 14156.

448





