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Bun dé 13 b thai ciia qua trinh san xuit nhém tir quiing bauxit theo phwong phap Bayer. Do tinh kiém
cao va lwgng bun thai 16m, bun d6 12 tic nhan giy 6 nhiém méi trudng nghiém trong néu khong dwge quan
1y tot. Bun dé 1a hdn hop bao gdm cac hop chét nhw oxit sit, mangan... va mdt lwong xit dw do qua trinh
hoa tan va tich quing bauxit, diy 1 nhimg hop chit doc hai néu khong dwge quan 1y va ap dung cic cong
nghé xir 1y phit hop. Hién nay, trén thé gi¢i chwa ¢é qudc gia nao xir Iy triét dé dwoc bun do, phwong phap
pho bién 12 chén lap bun d6 & cAc ving dat it nguoi, ven bién dé tranh ddc hai. Tuy nhién, do thanh phin
va tinh chit ciia quing bauxit khac nhau din dén thanh phan va tinh chét ciia bun d6 ciing khac nhau.
Hién nay, trén thé gi¢i da c6 nhiéu cong trinh nghién ciru dwa ra cic ky thuat va cong nghé nham thu hoi
st tir bun d6 va cac kim loai quy khac nhw gali, vanadi, titan, dat hiém...[1]. Bai bao nay tong quan cac
cong nghé thu hdi sit tir bun do.

Tir khéa: bin dé, dw lwong bauxite, giam gidn tiép, phuc hoi sdt, sit xép, tich tir.

Chi s6 phén loai 1.4

Ham luong cac kim loai trong bun dé

Bang 2: cdc dang ton tai ciia cdc khodng vét chinh va phy trong bin do [2]

Céc kim loai trong bun do thuong ton tai & cAc | Nguyén ts | Dang tdn tai Cong thirc hos hoc
pha khoang phtic tap nhu hematit, boehmit, sodalit, Hematite a-Fe,0,
aluminosilicat, thach anh, perovskit, goethite, Gocthite a-FeO(OH)
cancrinite nén vi¢c thu hoi kim loai néi chung hay sat Magnetite Fe.O

st A \ \ 5 - A 5 . N e \ 5 374
noi riéng tir bun do gap nhiéu tré ngai. Ngoai ra bun do Fe Illmenite FeO.TIiO
c6 kich thudc hat min, c6 tinh kiém cao nén ciing gay o ’
ra kho khan cho qua trinh thu héi kim loai. Trong bun Ferryhydrite Fe,0,0.51,0
do, ham lugng sat va cac nguyén to di kém thay doi rat Gibbsite -ALO;.3H,0
1(?{1 phu thl.l(’)c vao loai quang bz}uxit va cérlg nghé ch@j Al Boehmite a-ALO,.2H,0
blen, alumAln dl}’qc ?p dung. M?lC d~u co tr§n 300’102‘1% Diaspore B-ALO,H,O
khoang vat chtra sat nhung chi nhiing loai sau co loi Anatase —
cho viéc thu hoi sat va san xuat gang thép: magnetite Rutile 0 02
. . . . Ui
(Fe,0,), hematite (Fe,O,), goethite (FeO(OH)), siderite . - o
(F 3C 6) ite (F Sz) [31] Ti Perovskite CaTiO,
e rite (Fe .
3> PY 2 [llmenite FeO.TiO,
Bdng 1: thanh phin hod hoc ciia cac nguyén t6 chinh va phu trong biin do Quartz SiO
2
Thanh phin chinh Ham lugng (%) Thanh phén phy Ham lugng (mg/kg) Kaolinite ALSi 0 (OH)
Fe 4,52-50,6 U 50-60 2205 4
Al 4,42-16,06 Ga 60-80 Sillimanite AlZSiO5
Si 2,16-14,86 \Y% 730 . .
o 098779 P 730 Si Halloysite A128105(OH)4
Ca 0,39-16,72 Se 4 Sodalite Na,(AlSi0,,)Cl,
Ti 0,98-5,34 Cr 497
Mn 85 Cancrinite Na,Ca,[(CO,),AlSi0,,].2H,0
:1- ;T Monazite (Ce, La, Pr, Nd, Th, Y)PO,
1
Zn 20 oz Xenotime YPO
Lantanit 0,1%-1% Dat hiem . .
Th 2030 Synchysite-(Ce) CaCe(CO,),F
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Overview of the current techniques for iron
recovery from red mud

Summary

Baucxite residue (red mud) is a kind of hazardous
waste from alumina refinery from bauxite during
the Bayer’s process of alumina production. Red
mud can be an environment pollutant unless it
is managed well due to high alkalinity and being
produced in large quantities. Red mud comprises
of a mixture of iron, aluminium, and manganese
compounds... and caustic soda residue from
the dissolution and separation of bauxite. These
are hazardous agents 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 often
buried in remote land area or coastal land to avoid
potential hazard. Due to varied contents of iron
in red mud, the iron recovery from red mud has
received considerable attention during the recent
years. This paper presents a comprehensive
overview of the current techniques applied for
iron recovery from red mud with particular
focus on hydrometallurgy and pyrometallury. 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
resulted in a patent has been carefully covered.

Keywords: bauxite residue, indirect reduction, iron
recovery, magnetic separation, red mud, sponge
iron.

Classification number 1.4

Cac cong nghé thu hoi sat tir bun dé

Pé thu hdi sat tir bun do c6 nhiéu ky thuat duoc
nghién ctru va thtr nghiém tng dung, nhu phuong phap
khir bang cacbon ran, hoan nguyén trong 16 hd quang,
tuyén tir, thiy luyén. Phuong phép thu hoi sit tir bun
do dé san xuat gang va thép trong cong nghiép luyen
kim htra hen nhiéu tiém ning. Tuy nhién, khong g1ong
nhu quing sit thong thudng, cac thanh phan tap chat
trong bun dé nhu Al, S, P, Na, Ca, Mg, Si gép phﬁn
ngan can qua trinh thu hoi sat, khi ham lugng Al, Si
cao s€ anh hudng dén tinh luu dong cua xi, do kiém
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cao khong tuwong thich véi vat liéu chiu Itra va tich tu
kiém [3].

Boi nhiing loi ich kinh té tir viéc thu hoi sat tir
bun do nén cac két qua nghién ctru trong linh vyuc nay
thuong duogc phé bién trong cac bang sang ché. Cac
bang sang ché “thu hoi sét tir bun do” trong giai doan
2009-2014 cho thay, gan 47% bang sang ché xuét phat
tur Trung Qudc, noi co nganh cong nghigp khai thac va
ché bién nhoém phat trién va nhidu mé bauxit 16n [1].
Tuy nhién, do tinh phéan tan cia quang bauxit va cac
khu cong nghiép ché bién va san xuit nhom nén cac
nghién ctru vé thu hoi sit trong xir 1y bun do6 ciling rat
da dang.

Mot sb phuong phap dang duge nghién ctu thir
nghiém dé thu hoi sét tir bun do bao gém: tuyén tir truc
tiép, hoa luyén, thuy luyén va mot sé k¥ thuat cong
nghé tiém ning khac.

Phwong phdp tuyén tir truc tiép

Phuong phap nay st dung it nang luong hon so véi
phuong phap hoa luyén. Nguyen tic cua phuorng phap
1a cho bun d6 ¢ dang huyén phu di qua thiét bi tuyén
tir c6 cudng do tir trudng 16n. Cac san phdm c6 tir tinh
dugc tach ra khoi huyén phu, sau d6 duoc st dung
lam nguyén liéu du vao cho qué trinh san xuit gang
thép hodc 1am pigmen cho san xuit gébm st (hinh 1).
Thanh phan khong c6 tir tinh trong huyén phu bun do
duogc tach riéng dé ché tao vat liéu xay dung hoac quay
nguoc lai chu trinh Bayer [3]. Tuy nhién, hiéu suat thu
hdi sit theo phuong phap nay kha thap.

Bun do

Tuyén tir

A 4 A 4
Séan phim

Hinh 1: 50 d6 quy trinh tuyén tir tryc tiép thu hoi sdt tir bun do

Phuorng phap tuyén tir truc tiép thu hoi cac san
pham c6 gia tri da dugc ap dung tai cac nha may san
xuat alumin tai Tay Uc [4] va Trung Qudc [5]. Bun do6
dugc xir 1y truc tiép qua may tuyén tir udt co cuong
do tir trudng cao, cac san pham tach dugc tng dung
cho cac muc dich khac nhau nhu thu hoi st va san
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xuat vat lidu xay dung... Li va cong sy [5] da sir dung
thiét bi tuyén tir siéu dan gradient dé tich cac hat bun
do siéu min (<100 ],tm) thanh hai phan doan c6 ham
luong tong sat thap va tong sit cao. Trong nghlen cliu
ctia Li va cong su, hai mau bun do c6 chira tong sit lan
luot 1a 41,08 va 20,84% duoc cho qua thiét bi tuyén
tir siéu dan gradient dé tuyén sit. Sau tuyén tir, thanh
phan t6ng sit ting 1én lan luot 14 45,46 va 35,47%. Tuy
nhién, trong phan ba thai con chira lugng sat kha cao
sau 8 chu ky tuyén, lan luot 1a 31,47 va 9,86%.

Nhirng nhuoc diém ciia phuong phap tuyén tir truc
tiép thu hoi sat tir bun do 1a chi cho phép thu hoi khi
sat ton tai trong bun do & cac dang co tir tinh. Ngoai ra
hiéu suat thu hoi kha thap (28-35%) [6]. Phuong phap
nay khong ap dung duoc véi cac mau bun do chira sat
¢ dang khong tur tinh, vi du nhu hematite (Fe O,), dang
ton tai chu y€u cua sat trong bun do thai ra tir cac nha
may khai thac va san xuit alumin tai Ty Nguyén.

Phuwong phap hoa luyén

bay la mot trong nhitng phuong phap dwoc nghién
ctru ng dung nhiéu nhat. Bun d6 dwoc hoan nguyén
& trang thai ran, sau d6 tuyén tir dé thu hoi sat. Cac
dang oxit sat trong bun dé dugc hoan nguyén trong
16 hd quang, 10 cao, 16 ding tang thap, 10 quay dé san
xuét gang [7]. Do anh huéng cuia cac thanh phan khac
c6 trong bun do dén qué trinh thu hoi st nén cac quy
trinh cong nghé duoc phat trién dé thu hdi dong thoi
cac thanh phﬁn khac di kém nhu Al, Ti va cac kim loai
khac.

Co 5o 1y thuyét qud trinh khir truc tiép cac dang
oxit sat su dung cacbon:

Qua trinh khir truc tiép cac dang oxit sat vé sat st
dung cacbon xdy ra theo cac phan ing sau:

Fe,0, +3 C - 2Fe +3CO (1)
Fe,0, +4 C - 3 Fe +4CO )
FeO +C — Fe+CO 3)

Céc yéu to anh huong dén mic do khir sit dugc
tuan theo phuwong trinh sau:

t.= R/[AKMc x exp(-=E/R°T)]+r’ px [1/2
~R’/3 (1 -R)**/2)/3D, “)

Trong do: thlE‘l thoi gian thﬁ 0)§it st (s); R’: murc do
khtr cuia san pham tur oxit sat vé sat (%); E: nang lugng
hoat hoa clia phan tmg (Jmol'K™); A: hiang s6 phan
mg; R hang s6 khi hay hang s6 khi 1y tudng, 1a tich
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sO giira hang s6 Avogadro N, va hang s6 Boltzmann
k, c6 gia tri la 8314 Jmol 1K1 T: nhiét do phan ung
(K) K: hang s6 can bang ctia phan tng khir sit; Mec:
ty 1€ cta cacbon (%); 1’ : ban kinh hat khi muc d6 khu
laR’ (m) ol nong do oxy co chira trong oxit sit & mau
ban dau (mol/m®); D, h¢ s6 khuyéch tan trong pha rin
(m?s).

Tir phwong trinh (4) cho thay, cac yéu t6 anh hudng
dén muc @6 khir oxit sit vé sit kim loai 1a nhiét d6
phan tng, thoi gian phan trng va ty 1€ cacbon. Ngoai
ra, trong bun d6 con chira cac hgp chat nhu ALO,,
Si0,... Cac chat nay ¢6 anh huong tiéu cuc dén qua
tnnh Kkhtr oxit sat vé sit kim loai. Theo nghlen cliru cua
Mei, su anh hudng nay co thé loai trir bang cach thém
cac chat phy gia CaCO, va MgCO..

Tom lai, cac yéu td anh hudng chinh dén hiéu qua
thu hoi sat 1a nhiét do phan tng, thoi gian phan tmg, ty
1& cacbon va ty 1¢ phu gia.

Co 5o 1y thuyét qua trinh khir truc tiép cac dang
oxit sdt sir dung khi CO:

Qua4 trinh khir sit str dung khi CO tir cac oxit sit
trong bun do xdy ra theo cac phan ing sau:

3Fe,0, +CO — 2Fe,0, + CO, (5)
Fe,0, +CO—3FeO +CO, (6)
FeO +CO—Fe +CO, (7

Gian d6 can bang pha clia cic oxit sat trong qua
trinh khir bang CO dugc thé hién ¢ hinh 2.
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Hinh 2: gian dé can bang pha ctia cdc oxit sdt trong qud trinh khir bang CO

Gian d6 pha hinh 2 cho thdy, qua trinh khir Fe,0,
bang khi CO trong ving nhiét d6 tir 400-1400°C, khi
ham luong CO dudi 40% sé& hinh thanh chii yéu ¢ dang
oxit sat tir Fe,0,, qua trinh khir Fe O, vé dang magnetit
cao nhit tai vung nhiét d6 650°C. Tuy nhién, trong bun
d6 con nhiéu thanh phan tap chat nhu oxit nhém, oxit
silic..., cac chat nay c6 anh huéng tiéu cuc dén qua
trinh khtr oxit sit, nén viéc hinh thanh céac hop chét
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mudi canxi silicat dé ting hiéu suit khtr rat kho xay ra
& nhiét do thap, do vay qua trinh thiéu két bun d6 can
phai thuc hién ¢ nhiét d trén 850°C va qua trinh khu
phu thudc chi yéu vao nhiét do, thoi gian, thanh phan
khi CO va cdc chat phy gia CaCO, va MgCO,.

Chat khur

Hinh 3: so d6 quy trinh hod luyén thu héi sdt tir bin do

Quy trinh tong quat ctia phuong phap nay duoc
trinh bay trong hinh 3. Quy trinh nay str dung chat khir
(pha khi hodc pha ran), va ning luong dé nhiét luyén.
Céc chat khir duoc Iyra chon bao gém bot cacbon, than
antraxit, than cdc hodc nguén thai chira cacbon nhu
mun cua, bi mia. Cac chat khir Iya chon theo qua trinh
hoan nguyén tryc tiép bao gom lignite, than antraxit,
than coc va cacbon hoat tinh. Kha niang phan Gmg va
d9 tro ctia than ¢6 anh hudng 16n dén mirc do va toec do
ctia qua trinh hoan nguyén kim loai. Chat luong than
ly tuong dugc xac dinh bao gdom: do tro thap, hoat tinh
cao, ty 1¢ (F, + V_)/(A+ W) 16n (trong d6 F_ 1a chi s
cacbon cd dinh, V_1a ham lugng chét bdc, A 1a d6 tro,
W 1a ham lugng khong chay) va c6 kha nang tao do
xbp vira phai. D& giam chi phi cua qué trinh thu hoi
sdt tir bun do6 thi viée lwa chon chat khir 1a cac chat
thai hitu co giau cacbon lam nguyén li€u ciling 1a mot
huéng di hiéu qua dé giam gia thanh.

Phuong phap hoan nguyén truc tiép bun do 1a mot
hudéng kha quan dé san xuat gang. Guo va cong su
[8] tién hanh nghién ctru thu hoi sit bang phuong
phap hoan nguyén truc tiép, bun d6 dugc phdi tron
véi than va hoan nguyén tai nhiét 6 1400°C trong 30
phut. San pham thu duoc c6 ham luong tong sit dat
96,52%, ham lugng Si va Mn thap. Tuy nhién, sat van
con ton tai trong xi & dang Fe, SiO, chua hoan nguyén.
Jayasankar va cong su [9] ap dung cong nghé¢ nhiét
plasma (buong phan g h6 quang nhiét plasma dong
mot chiéu 35 kW) dé hoan nguyén sit trong bun d6 va
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san xuat gang. Theo nghién ciru nay, bun d6 dugc tron
v6i chét trg dung (10% dolémit + d4 voi) va graphit
(cacbon cb dinh, 99%) lam chat khir va tién hanh
thiéu két trong 15 phat. Hiéu suat thu hoi sat téi wu
dat 71%. Raspopov va cong su [10] nghién ctru hinh
thai hoc clia cc oxit sit trong mau bun do ldy tir nha
may san xuat alumin Ural (UAZ, Kamensk - Ural’skii)
va nha may Alyum (Tul’chiya) cho thiy, bun do chira
hematit, lepidocrocite, goethite, va khoang vat sat -
aluminosilicat. Sau khi thiéu hoan nguyén véi lugng
cacbon du, trong khoang nhiét do 1200-1500°C, cac
pha kim loai (gang) va xi tao thanh dé dang dugc
phan tach dam bao ham lugng C trong gang duc trong
khoéang 2-2,3%.

Lién quan dén qua trinh thiéu hoan nguyén, céc
thong s anh huéng bao gdm ngudn cacbon, ty 1¢
cacbon/bun do, nhiét d6 va thoi gian hoan nguyén, cac
diéu kién tuyén tir cling anh huong dén hiéu suat thu
hdi sit sau khi hoan nguyén. Liu va cong sy [11] nghién
ctru sy anh hudng cua cac yéu t6 ndy dén qua trinh
thiéu két hoan nguyén tryc tiép bun dé bang cacbon.
Bun d6 duge phdi trén véi cacbon theo ty 1& (cacbon/
bun d6 = 18/100) va cac chat phu gia 1a d6lomit véi
ty 1€ (d6lomit/bun do = 18/100) sau do tao hinh trong
khuon ép. Cac mau dang banh duoc thiéu hoan nguyén
tai nhiét d6 1300°C trong 110 phut, sau d6 miu dugc
nghién min va tuyén tir. Bi thai sau tuyén tir duoc thir
nghiém lam vat liéu xay dung. Ham luong tong sat
trong phan san phdm sau tuyén tir dat 88,77% vdi ty
1¢ kim loai hoa dat 97,69% va hiéu sudt thu hoi sit dat
81,40%. Ngoai viéc thu hdi sat, Liu va cong sy [12]
con nghién ctu thiéu két bun do (kich ¢& <75 pm) st
dung hdn hop x1t va voi dé thu hdi ca nhom va sat, mau
bun do duoc phéi liéu véi ty 1€ mol Ca/Si = 2, Na/Al
=1, ham lugng than phéi tron 1a 0,5%, nhiét do thiéu
két 1a 1000°C trong 3h. Mau thiéu két sau d6 duoc
nghién dén c& hat <125 um va ngam chiét trong nudc
dé thu hdi nhém ¢ dang mudi aluminat, tiép do tuyén
tir dé thu hoi sat. Thay vi st dung xut va voi, Zhu va
cong su [13] phdi lidu bun do v6i 1% chét két dinh va
8% natri cacbonat, sau d6 vé vién va hoan nguyén tryc
tiép v6i than tai nhiét d6 1050°C trong 80 phut. Hiéu
sudt thu hoi sit dat 95,7% sau khi nghién san pham
thiéu két dén c& hat <74 um va tuyén tir tai cudng do
tu treong 0,08 T. Trong mot nghién ctru khac cua Rao
va cong su [14] sir dung don phdi liéu natri sulfate 6%
va natri cacbonat 6% cho qua trinh thiéu hoan nguyén
bun do c6 ham luong tong sat 1a 48,23%, san pham
tuyén tir sau thiéu hoan nguyén bun d6 c6 ham lugng
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tong sat 90,12% (hiéu suat thu hoi dat 94,95%), diéu
kién thiéu hoan nguyén tdi uu tai nhiét dd 1050°C, thoi
gian thiéu 60 phut, ty 1€ cd hat 74 um qua sang 90%,
cuong do tu truong 0,1 T. Trong mot nghién ctru khac
ctia Li va cong su [15], vé nhiét dong hoc ctia qua trinh
hoan nguyén cac thanh phan co trong bun do (AL,O
Fe,O,, Na O, Ca0...) bang cacbon cho thiy qua trlnh
hoan nguyén ferrite xay ra trong khoang nhiét do tu
800-1075°C va hinh thanh cac hop chat natri aluminat
va canxi silicat. Sau khi nghién min, ngdm chiét dé thu
hdi nhom va lam giau bang tuyén tir (tir 48-240 mA),
hiéu suét thu hoi alumin dat 89,71% va 60,67%, hiéu
suat thu hoi sat dat 61,78% .

Ngugc véi phan 16n cac nghién ciru déu tap trung
vao qua trinh thiéu hoan nguyén thu hoi sit trong bun
do, Samouhos va cdng su [16] lai nghién ctru stir dung
vi song cho qua trinh thiéu. Quy trinh nay bao gom
qua trinh hoan nguyén bun do st dung lignite voi ham
lugng cacbon co dinh 30, 15%, tlep theo qua tuyen tur
wdt thu hoi cac san pham sit tir dé san xuat sét XOp hoac
gang dic. Luong chat khir va chiéu vi song déu anh
huong dén muc do hoan nguyén sit. Chu trinh chuyén
hoa sat tuan theo thtt tu Fe,0, — Fe,0, — FeO — Fe,
thtr tu nay duogc xac nhan badi két qua do nhicu xa tia X
(XRD) va phan tich nhiét TGA/DTA. Tai cac diéu kién
t61 wu, ty 16 kim loai hoa cao hon so véi phuong phap
thiéu két hoan nguyén truyén thong.

Theo [17], V.G. Logomoerk va cong su da nghién
ctru st dung 3 tan bun do duoc phdi lidu véi 2-3 tan
dolomit va 0,5 tan than cdc, sau d6 dong banh, vo vién
va thiéu hoan nguyén trong 16 hd quang tai 1800°C,
san pham thu duoc 1a 1 tin gang va 3 tin xi. Theo
[17], quy trinh Giulini dugc phat trién boi Giulini
Ludwigshafen gom 2 budc dé sir dung trigt dé bun do.
Trong quy trinh nay, d6 4m cua bun do duoc giam t6i
40% trudc khi phdi tron v6i da voi va than. Mau sau
khi phdi liéu dugc dua vao 10 quay dai 100 m, rong 1,8
m. Hon hop dugc 1am khé va tao hat c6 duong kinh
2-15 mm va tién hoan nguyén 80% vé sit kim loai voi
nhiét d6 1a 1000°C. Qua trinh thao liéu duoc thiét ké
dac biét sao cho qua trinh hoan nguyén hoan toan xay
ra dé tach sit va xi. San pham thu duoc va lay ra khoi
16 quay, dung dé san xuét gang hodc thép. Theo [17],
quy trinh “ELGAI Process” duoc phat trién boi V.K.
Vhatkar dé thu hdi kim loai tir bun do, sir dung cac
thanh phan phdi liéu 12 bot soda va than cdc, quy trinh
khir 6 két hop st dung thém khi du cta 16 cao dé hoan
nguyén sit trong 10 quay. Than cdc khir oxit sit trong
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16 quay tai nhiét d6 900°C, trong khi soda phan {ng
v6i alumin dé tao thanh natri aluminat. Nhom duogc
thu hdi & dang dung dich sau ngam chiét, sau d6 tuyén
tir va thu hoi sit. Tuy nhién, céng nghé nay van hoan
nguyén cac dang sit oxit khong kiém soat, chu yéu
hoan nguyén sau vé dang sat kim loai, sau d6 tuyén tir
dé thu hoi bot st.

Hién nay, trén thi treong c6 hé théng thiét bi 10
MAGMA dugc str dung dé xir Iy bun do6 theo phuong
phap hoa luyén. Chét khir hoan nguyén duogc sir dung
1a than. San pham cua qué trinh nu luyén 1a gang va
x1. Gang dugc dua di dé san xuit thép. Xi la nguyen
lidu dé tai sinh alumin hodc clinker cho san xudt xi
mang alumin.

Khisach
F:s

[ thi | | Buli
Khrehgl ...le:m sach F

BOn dd
T v

.« Than

.. Khéng khi, oxy

Clinker cho xi ming
S Alumin

Buc thoi T4 Tai sinh alumin

Hinh 4: so dé dong chay trong qud trinh hoa luyén xu ly bun do
ciia thiét bi 16 MAGMA

Ning luc san xuat cia md hinh chuin MAGMA dé
xtr 1y bun d6 kho dén bun do chira 15% am 1a 350000-
380000 tan/ndm va c6 thé nang cong suat 1én dén 0,35
tan gang dtic va 0,5 tin clinker xi mang alumin khi xi
1y 1 tn bun d6. Tuy nhién, ning luong tiéu thy khi
xtr 1y 1 tan bun do 1én dén 200 kg than; 50 Nm® khi tw
nhién, 100 Nm?oxy k¥ thuat.

Nhu vay, cac phuong phap truyen thong thiéu ket
hoan nguyén sit tir bun do c¢6 nhiéu vu diém va can
duoc nghién ciru k§ hon vé co ché phan tng, t6i wu
hoa cac diéu kién hoan nguyén dé nang cao hiéu suat
thu hoi va ham lugng tong sit.

Phuwong phap thuy luyén

Ngoai phuong phap hoa luyén thu hoi st, phuorng
phap thuy luyén ciing duoc nghién cu'u ap dung nham
thu hoi sét tir bun do. Trong moét s6 nghién ciru, axit
sulfuric dugc sir dung dé hoa tach st tir bun do [18].
Hiéu suét thu hdi dat 47% sau khi ngam chiét tai 100°C,
trong 24h va sir dung axit sulfuric 8N véi ty 16 rin/long
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12 5/100. Khi thiéu tai 873K trude khi ngadm chiét bang
axit sulfuric 6M s& thu hoi dugc 97% sit tir bun do.
Yu va cac cong sy [19] tién hanh xtr 1y bun d6 véi axit
oxalic két hop chiéu tia UV. Tong sit trong bun do
(12,31%) giam xudng <0,7%. St dugc hoa tan dudi
dang Fe(III) oxalat. Dung dich thu dugc duoc xur 1y voi
birc xa UV dé tao két tua Fe(II) oxalat, hiéu suét chuyén
hoa dat >90%. San phém can du dugc str dung dé ché
tao vat liéu chiu Itra. Cengeloglu va cong su [20, 21]
nghién ctru qua trinh thu hoi va lam giau Al, Fe, Ti, Na
bang phuong phap thim tach Donnan. Cac mau bun do
dugc hoa tan trong HCI trude khi thu hoi cac kim loai
sau khi loc qua mang trao d6i ion polysulfonate. Hiéu
suét thu hoi Fe, Al, Na, Ti dat 1an lugt 12 0,03-15,13%;
0,02-16,45%; 0,96-31,90%; 0,01-14,23%. Mac du da
c6 nhiéu cong trinh nghién ctru va tng dung thu hoi
sat tir bun do theo phuong phap thuy luyen nhung hi¢u
suét thu hoi sit thap va tiém an mot sb kho khan nhu
tdc 6 phan mg cham, tao ra cac chat thai thir cap.

Cdc céng nghé tiem ning khdc

Mot s6 cong nghé sinh hoc c¢6 thé hoa tan mot
s6 kim loai dang dugc mg dung trién khai nhu cac
phuong phap thay thé c6 hiéu qua kinh té va “sach” dé
thu hoi cac kim loai truyén thong [22]. Cac qua trinh
ngam chiét sinh hoc c6 thé hoa tan sit duoc nghién
clru sdu sdc nham 4p dung tach cac tap chat sit tir vat
liéu, thu hoi sét tir cac loai quang kho thuc hién véi cac
phuong phap truyén thng va giai phong sat khoi cac
kim loai khac. P9 tan cta cac hop chét chira sat tang
1én nho kha nang tao phuc axit hitu co cua cac axit
cacboxylic nhu oxalic, citric, malic, pyruvic, humic va
céc axit tannic sinh ra bai cac vi khudn, hodc do qua
trinh khir Fe(IIT) thanh Fe(II) boi vi khuan trong qua
trinh ngam chiét sinh hoc [23]. R4t nhiéu loai vi khuan
c6 kha nang sinh cac axit hitu co phu hop cho muc dich
tach sét tir pha khong tan, véi nhiéu loai thudc loai vi
khuén hiéu khi. Cac vi khuan ky khi ciing ¢ thé sinh
céc axit hiru co nhd qua trinh 1én men céc hop chat
hitu co, do véy ciing c6 kha ning hoa tan sat. Hai co
ché hoa tan st duoc xac dinh bao gdm: co ché dong
hoéa (hut sit vao trong té bao) va co ché di hoa (hoa tan
sat) [22]. Mic du cac qua trinh ngam chiét sinh hoc da
dugc nghién ctiru va trién khai tng dung tach va thu
hdi sét tir cao lanh, silica, bauxit nhung chua c6 nghién
ctru nao 4p dung cho viée thu hoi sit tir bun do. Diéu
nay chil yéu do bun do c6 tinh kiém cao, khong thuan
lgi cho sy phat trién cta vi khuan. Tuy nhién, Laguna
va cong su [22] nghién ctru hoa tach sét tai cac pH > 7
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bang hdn hop cay vi khuan. Nghién ciru nay giup thuc
déy kha ning ing dung qua trinh nhiéu budc nham thu
hoéi 1am gidu sat trong qué trinh ngdm chiét sinh hoc
sau khi ngdm chiét bang axit va giam pH bang cac chat
thai co tinh axit khac. Mot diém thuan loi & phuong
phap nay 1a chi phi giam nho thu hdi duoc cac kim
loai khéc va giam lugng chat thai. Tuy nhién, hién van
chua c6 quy trinh ngdm chiét sinh hoc nao dugc trién
khai trén quy mo thwong mai.

Cong nghé thu hoi sat tir bun dé tai Viét Nam

Vé6i quy hoach phat trién bauxit & Tay Nguyén,
du 4n alumin Nhéan Co cong suit 600.000 tin alumin/
nam sé& thai ra luong bun do kho 1a 566.000 tin/nam,
dung dich bam theo bun d6 14 610.000 tan/ndm, dy an
alumin Tan Rai (alumin Lam Dong) s& thai ra lugng
bun do kho 1a 636.720 tin/nam, dung dich bam theo
bun d6 1a 687.720 tan/nam. Hai Nha may alumin Nhan
Co va Tan Rai c6 lugng bun d6 thai ra khoang 1,2-
1,3 tridu tin/nim. Ham lugng oxit sat (FeZOS) trong
bun do kho cua Nha may alumin Lam Pong co gia tri
trung binh 1a 51%, twong duong v6i ham luong tong
st (T-Fe) 1 35,7%. Do d6, bun do kho ciia Nha may
alumin Lam Dong duoc coi 1a loai quang sat nghéo, co
thé dinh hudng dé thu hoi sat va san xuat gang, thép.

Céc nghién clru vé viéc thu hdi st tir bun do duoc
nhiéu tac gia dé cap o trén tap trung chi yéu vao giai
doan hoan nguyén sau sat oxit vé dang sit kim loai,
sau d6 nghién va tuyén tir thu hdi bot sit. Dé loai nhom
trong bot sdt thu dugc tir bun do, cac nghién cuu va
sang ché cong bd tmég day chf} yéu str dung Na,CO,
trong qua trinh thiéu két, mot so it cong trinh st dung
dolomit va voi dé loai nhom va ting hiéu suit hoan
nguyén sit. Tac nhan khir duge st dung trong cac sang
ché va cac nghién ctru trude diy 1a cacbon. Mot sb
nghién ctru nhu quy trinh “Elgai Process” dugc phat
trién bai V.K. Vhatkar c6 két hop sir dung thém khi du
ctia 10 cao dé hoan nguyen sat trong 10 quay, tuy nhién
cong nghe ndy van hoan nguyén cac dang sat oxit
khong kiém soat, chu yéu hoan nguyen sau vé dang sit
kim loai, sau d6 tuyén tir dé thu hoi bot sit.

Toém lai, cac nghién ciru va sang ché trude day tap
trung vao cong nghé hoan nguyén siu cac dang sit oxit
trong bun d6 vé dang sat kim loai va thu hoi & dang bot
sat. Cac cong nghé nay c6 nhugc diém 1a khong kiém
soat dugc qua trinh hoan nguyén va do hoan nguyén
sdu vé sit kim loai din dén tiéu ton ning lugng do
thanh phan tap chét trong bun do ciing tham gia vao
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cac qud trinh phan trng.

Mot s6 sang ché ciing dwa ra cong nghé hoan
nguyén vé dang oxit sit tir trong 16 quay. Tuy nhién,
dé dap tng dugc do clg cua vién trong 16 quay, cong
nghé nay phai bd sung chit két dinh 1a bentonit, dan
dén 1am ting ham lugng nhom trong bun d6 ma muyc
dich ctia qua trinh nay 1a can loai bé nhém va cac tap
chat khac co trong bun do, do d6 cong nghé nay can
phai b6 sung mét lugng 16n voi cling nhu Na, CO, so
voi cong nghé chi st dung chét két dinh 1a voi. Mat
khac, dé tang d6 ctng cua vién, cong nghé nay can
phai sy kho va nung ¢ nhiét do trén 500°C trudc
khi hoan nguyén trong 10 quay, dan dén tiéu ton ning
luong va khong hiéu qua kinh té trong qua trinh thuc
hién. Mot sd nhuoce diém nita con ton tai trong 10 quay
1a hién tuong v& hat dan dén tinh trang mau thiéu két
dinh vao thanh 10, gay tic 16, khién cho khau lam vé
sinh 16 gdp kho khan, tham chi c6 thé phai ngimg hoat
dong 10, tiéu tén thém nang lwong khi phai stir dung dau
FO trong qua trinh diéu khién nhiét do cua 15, dan dén
hiéu qua kinh té khong cao.

Dé khic phuc nhimg nhugc diém trén, quy trinh
cong nghé thu hoi sit cua Vién Han lém Khoa hoc Vé
Cong nghé Viét Nam theo Bang doc quyen sang ché s6
141 56 “Quy trinh cong nghé san xuat tinh quang sat va
sat x6p tir bun d6” [24] ¢ nhimg diém méi sau:

- Chi tién hanh hoan nguyén oxit sat Fe,O, trong bun
do Ve dang oxit sat tir Fe O, ma khong hoan nguyén
sau vé dang sat kim loai.

- Trong qua trinh hoan nguyén, st dung tic nhan
khir bao gdom khi CO c6 trong khi du ciia 10 cao va than
nham kiém soat qua trinh hoan nguyén vé dang oxit sat
tir thong qua viéc danh gia ty 1¢ mol Fe,O,/FeO.

- Quy trinh tao cau sir dung d6lémit vay lam tdm
cau khong nhimg dap Gng dugc yéu cau vé thau khi
trong giai doan thiéu két ma con tang hiéu suat thu hoi
sat trong bun do.

- Viée dung voi sdng CaO khong nhitng lam chét
két dinh ma con dé loai bé nhém trong giai doan tuyén
tir c6 hiéu qua kinh té hon so véi viéc dung Na,CO,
nhu céc tac gia trude day da sir dung.

Quy trinh san xuét tinh quing sit tir bun d6 theo
phuong phap ctia Bang doc quyén sang ché s 14156
bao gom céac budc:

1) Loai bo xut va dich bam theo bun d6 dé thu hdi
bun do ¢ dang kho va tai str dung x1t va dich bam theo
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bun do, trong d6 ngudn bun d6 thich hop dé st dung 1a
ngudn bun d6 thai ctia qué trinh ché bién quang bauxit
chtra 46 dén 54% Fe 0,, 11-17% Al O, va 5-8% SiO,,.
2) Nghién va phdi tron bun d6 khé thu dugc voi
than cam, voi séng va d6lémit vay, tinh theo trong
luong bun d6 kho nhu sau: than cam: 5-8%; voi séng:
10-12%; d616mit vay c6 kich thudc 2-8 mm: 5-7%.

3) Tao cau mau phdi liéu néu trén dé thu duoc vién
c6 dic diem: kich ¢& 1-3 cm, tim céu 1a hat d6lomit
vay dé dam bao dat duoc mirc do thau khi cao trong
vién va qué trinh khtr 1a dong déu tir bé mit vién vao
trong va tlr tim vién ra ngoai & budc thidu két.

4) Thiéu két vién thu duoc trén thiét bi thiéu két
dang bang tai bang cach str dung khi du cia 16 cao
¢6 ham lugng khi CO nidm trong khoang 19-23% thé
tich tai nhiét d6 nam trong khoang 900-1000°C trong
thoi gian 10-15 phut nham khéng ché ty 1& mol Fe, 0/
FeO tir 0,85-1,15 dé chi hoan nguyén oxit sit Fe,O,
c¢6 trong bun do vé dang oxit sat tir Fe.O,, trong do
viéc xac dinh ty 1€ mol néu trén duoc tién hanh bang
cach nghién mau sau khi thiéu két, hoa tan trong axit
r0i phan tich ham lwong FeO va Fe,O, bang phuong
phap chuin d6 oxy hoa khir, néu ty 1& mol Fe,0,/FeO
16n hon 1,15 thi tang luong than hodc tang thoi gian
thiéu két, con néu ty 1¢ mol Fe,0,/FeO nho hon 0,85
thi giam lugng than hodc giam thoi gian thiéu keét.

5) Lam nguoi mau, nghién va tuyén tir u6t qua hé
tuyén tir kép bao gdm 16 tir thir nhét sir dung nam cham
dat hiém c6 luc tir nam trong khoang 2600-3000 Gauss
va 16 tur thir hai st dung nam cham ferit cé Iyc tir nam
trong khoang 1000-1600 Gauss. Hai 16 tor nay dugc
ghép nbi tiép nhau thong qua hai thung cip liéu va
dugc ghép dé phan bé luc tir trén 1/3 bé mit cua 16
tir va duoc quay v6i toc dd nam trong khoang 25-40
vong/phiit, thu dugc tinh quang st c6 ham lugng tong
sit 16n hon 62% va ham lugng nhém du nhé hon 2%.

Tinh quing sit sau khi tuyén tir duoc phdi liu véi
than, d616mit, tinh theo khdi lugng tinh quang: than 15-
20%; dolomit 1-3% st dung chét két dinh 1a bentonit
v6i ty 18 0,1-0,5%. Sau d6 tao vién va siy kho, quing
vién sdy kho duoc nap vao 16 quay bang bang tai. Quéa
trinh hoan nguyén dugc chia thanh § vung nhiét do
khac nhau tir ddu 10 600°C, nhiét d6 hoan nguyén tir
1100-1200°C. Khi vién quiang chuyén dong tir dau 1o
dén cudi 16 thi toan b qua trinh hoan nguyén s& hoan
tat, luc ndy vién quang da chuyén thanh sit x4p.
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Bun d6 thai wét
Thu héi xit (5 kg/m®) fona g
va aluminat (1,8 ty 1¢ 16ng/ran (60/40)
kg/m®) quay lai chu
trinh rira va hoa tach *
i Logi bo xit va dich bam
theo bin 46 béng cong nghé
loc ép ép suét cao
I
ma | | ot
200 thn Do616mit (12 tan)

\_.’ Phéi ligu ‘,_‘

|

Thiéu két sir dung khi
du CO 10 cao (21%)

|

’ Nghién miu va tuyén tir ‘

|

Tinh quing sit (62,1%) (83 tAn)

Sét xbp 4l— ’ Gang
—{ Phoi thép ‘ —

Hinh 5: so dé céng nghé thu héi sdt, san xudt thép tir bin do

Sit x6p cung v6i xi than sau khi lam ngudi duoc
chuyén qua may tuyén tir kho dé loai bo xi than. Sat
x6p thanh pham dugc phéi liéu v6i gang lanh theo ty
1¢ sat xdp/gang lanh 13 60/40 vé trong lwong, sau do
dugc dua t6i 16 dién ho quang EAF dé nau chay thanh
thép long. Tiép d6, thép 1ong dugc chuyén sang 16 tinh
luyén LF, tai ddy sé& diéu chinh cac thanh phan cua thép
dé dat mac thép theo yéu cau. Sau khi thanh phan va
nhiét do cua thép long dam bao s& duoc chuyén dén

may dic lién tuc dé duc ra phoi thép thanh pham.

Quy trinh cong nghé thu hdi sit theo Bang doc
quyén sang ché sb 14156 da duoc ap dung san xuét thir
nghiém véi quy mé 200 tan, cac két qua dugc trinh bay
trong cac bang 3-6 va hinh 6-7:

Bang 3: thanh phan bin do khé tai Nha mdy alumin Lam Péng
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Hinh 6: phé XRD ctia mdu bin dé thé

Bdng 4: thanh phan hod hoc cia tinh qudng sau tuyén tir

TT Thanh phin héa hoc Don vi Ham lugng
1 Téng Fe % 62,1
2 ALO, % 2,01
3 Na,O % 1,3
4 Sio, % 5,6
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Hinh 7: phé XRD ciia mdu biin dé sau thiéu két va tuyén tir

Bdng 5: thanh phan hod hoc ciia mau sit xop

TT | Thanh phin héa hoc DPon vi Ham lwong
1 ALO, % 16,71
2 TiO, % 5,83
3 Fe,0, % 51,10
4 Na,0 % 5,32
5 Sio, % 6,98

TT Thanh phén héa hoc Don vi Ham lugng
1 Téng Fe (T-Fe) % 90,0
2 | Sétkim loai (M-Fe) % 83,4
3 | Luu huynh (S) % <0,03
4 | Phét pho (P) % <0,03
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Bdng 6: thanh phdn hod hoc ciia mdu phéi thép

TT Thanh phén héa hoc Don vi Ham lugng
1 Sét (Fe) % 98,7
2 | Cacbon (C) % 0,3334
3 Silic (Si) % 0,1734
4 | Luu huynh (S) % <0,0300
5 Phét pho (P) % <0,0300
6 Mangan (Mn) % 0,5713
7 | Niken (Ni) % 0,0561
8 Crom (Cr) % 0,0620
9 Molipden (Mo) % 0,0278
10 | Vanadi (V) % 0,0009
11 | Pdng (Cu) % 0,0765
12| Nhom (Al) % 0,1366
Két luan

Bai bao da tong hop va trinh bay céc giai phap cong
ngh¢ va k¥ thudt da va dang duogc nghién cuu, thuc
hién va trién khai dé thu hoi sit tir bun d6 trén thé
gidi va tai Viét Nam. V& co ban cong nghé hoa luyén
duoc nghién ctru va st dung phé bién, dic biét cong
nghé hoa luyén két hop st dung tac nhan khir 1a khi du
10 cao va hoan nguyén c6 kiém sot 1a cong nghé co
nhiéu vu viét hon so v6i cac cong nghé khac ca vé moi
truong va kinh té.

Loi cdm on

Tdp thé tdc gia xin chdn thanh cam on Vién Hod
hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
Chuong trinh Tay Nguyén 3 (KHCN-TN3/11-15) da
tao diéu kién va hé tro kinh phi théng qua dé tai nghién
cueu TN3/T29.
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